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SUMMARY

This study is directed at the investigation of the
management of the metropolitan Adelaide Water Supply
system in South Australia using an interactive simulation
model. This supply system serves a consumer population of
about one million people and is derived from ten major
storage dams, and three large pumping systems which draw
water from the River Murray approximately 60 kilometres to

the east of the ranges in which the dams are located.

Without augmentation of supply from the Murray, and
relying only on local rainfall, Adelaide in particular and
South Australia in general, could maintain neither the
level of industry, standard of living, nor development
which are currently required for viability as a modern
population centre. Due to the irregular distribution of
rainfall, both spatially and temporally, the tuning and
specification of pumping operations vary over a wide range
of possible combinations particularly with the high demand

resulting from a usually long and dry summer.

No direct optimising algorithm has yet been developed to
manage the system for least cost. The relative constancy
of most operating and maintenance costs throughout any
year leaves the highly variable pumping cost of the

River Murray supplies as a most significant cost item in

system operation.

Due to the complexity of the system and supply

irregularities, sound operator experience is shown to be



vital for the successful operation of the system.

To investigate the effect of this personal experience on
the efficiency of operation, and to facilitate the rapid
learning and practicing of control skills which are needed
to build experience with the real system, an interactive,
graphic simulation model is used. This model is not
designed to define or optimise a management policy, but
rather to provide the rapid, interactive tool by which the
human operator may simulate his own desired management
strategy over an extended time period, given unknown
system inflows and demands. The model also enables the
close scrutiny of different individuals' personal
approaches to water supply management, and what, if any,
similarities or differences become apparent in their

performances.
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1.1

l‘

CHAPTER 1

INTRODUCTION

Management of the System

At present, the efficient operation of the Adelaide
metropolitan water supply system is dependent on
very experienced Pumping Engineers of the
Engineering and Water Supply Department in South
Australia. To manage the system competently these
individuals must develop an acute awareness of the
interrelation among inflow (rainfall), reservoir
storage and demand. This can be gained only by
experience in managing the water supply system over

a wide variety of conditions extending over many

years.

The method of controlling the system is to combine
an initial prediction of each month's demands,
based on historical data, with average inflow
values for each catchment to determine the monthly
variations in reservoir storages over the whole
financial year, July to June. The resulting
reservoir storages indicate to the engineers how
much pumping from the River Murray is required each
month to maintain adequate supply levels, and safe

storages in the reservoirs.
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This predicted strategy is updated each month or at

shorter time intervals if unexpected and
significant changes in predicted demand and/or
inflow occur; for example, sudden heavy rain or

long dry periods.

Thus the management policy is adjusted as further
data comes to hand, to gradually return it to the
desired safe strategy and to obtain the "target"

storages in the reservoirs required at the end of

the year.

The "adequate" storage levels and "safe" strategy
are highly dependent on the engineers' knowledge
and experience with the system. It can be
appreciated that the lower the desired storage
volumes, the smaller the pumping required from the
River Murray, resulting in a smaller pumping budget

to meet a given demand.

However all the calculations are performed at
present with the assistance of only electronic
calculators. This makes the job a highly time
consuming task requiring at least one day per week

of full time application.

Due to this large time element, investigation of
alternative strategies sometimes proves
prohibitive, and so the results of the predictions,

while adequate and often economical due to the
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engineers' experience, are rather more a
satisfactory solution than the best of a series of

calculated alternatives.

Objectives of the Research

The Adelaide water supply system has been expanded
over the years to match the steadily growing
demand, and so it may be expected that little
insight into system operation could be gained by
optimising system characteristics and components
already designed to fulfil certain supply
requirements. However, using these existing system
features the operation of the system may be
investigated on the basis of the relative
efficiency of human management, since it is the
ability of the human decision maker that will
ensure the greatest operational efficiency from

each individual unit and the system as a whole.

The interest in this current research is to try to
determine the effect of the individual engineer's
operating skills on the overall efficiency of this
water supply system. Since the whole management
policy as previously stated is dependent on the
engineer's experience, and experience is a very
subjective and qualitative comodity, the method
used to ensure an "adequate" supply of water
through years of high rainfall and years of drought

will depend on the nature of the human operator.
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A degree of conservatism or flambuoyance would tend
to govern his attitude towards the problems

confronting him at every decision.

How much is a gamble?
What are the priorities?

What risk is acceptable?

These are some of the questions which if considered
and if capable of being answered, will reveal to
some extent how the engineer "drives" the water

supply system.

The aim of this research is to investigate some
potential answers to such questions as these. An
interactive simulation program using computer
graphics has been created which models the system
previously discussed. It is used to examine the
performance of several individuals who operate it

as they would the real water supply system.

It is intended to discover whether personal
attitudes towards risks and trade-offs affect an
operator's management of the system, or if the
teaching/learning process on the simulator is
sufficiently thorough to make all operators behave

in a similar fashion.

Simulation is used because the objective of the

model is not to obtain an optimised
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computer—-algorithm result, but rather to allow the
operator to choose his own best solution to each

operational situation as it presents itself.

The program is interactive because the operator
must be in total control of the model, just as he
is with the real system, at every point in its

behaviour.

Computer graphics are used to enhance the ease of

interaction and level of communication.

Far more can be shown to the operator through the
use of pictures than with any number of tabulated
values, and lightpen communication allows rapid,
natural and error free communication between

operator and model.

Thus there are two goals which the computer model
is designed to achieve:
- firstly, the simulation of the supply system
with sufficient operator control to enable the
system to be altered, adjusted and controlled as

the real system.

- secondly, the implementation of these controls
in graphical form and with enough explanatory
elements to facilitate easy understanding,
learning and usage of the program by the

operator.
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6.

CHAPTER 2

WHY INTERACTIVE GRAPHIC SIMULATION?

The lack of any appreciable amount of information
concerning the use of interactive graphic simulation
in water supply/reservoir management systems has
prompted this introductory chapter. Both
optimisation and simulation are reviewed and
arguments are presented for the consideration of
simulation as a justifiable alternative or adjunct

for use in the analysis of water supply systems.

It is true that there are few other techniques, if
any, besides simulation which will model a system
interactively while still allowing complete "hands
on" operation control, which is the basic requirement
for this research. Nevertheless there are valid
applications for interactive computer graphics
combined with simulation or other techniques of
modelling and some of these are highlighted in the

literature review of Chapters 3 & 4.

Mathematical Analysis

The two general categories of mathematical

analysis, optimisation and simulation, may be
considered as loosely dividing the techniques
available for the investigation of reservoir

systems. Under these headings there are literally
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hundreds of procedures and models proposed and used
for analysing reservoir systems from planning,
through design, to operation. No single ubiquitous
method of analysis exists - all have strengths and

weaknesses,

In a water resource system investigation, the
optimisation of system design and operation is
usually the major thrust of all analyses. When
deciding which approach to use, the problem is not
one of identifying which method is better than
another but rather a determination of the desired
compromise among the ranges of information each
type of solution can provide given the limitations
of time, manpower, money and computing capacity.
Each valid model type has some place in river basin

analysis.

Two important factors to be considered in the
choice of a modelling technique are the complexity
of the proposed model, and the desired detail of
the information to be obtaind as output. For
example, a model required to give intimate detail
of system operation must be much more complex and
accurate than one in which the aim of modelling is
to plan out long term efficiency of water resources
investment. 1In the general case of water resources
investigations, as one proceeds from planning to
operation the level of complexity required and the

attendant need for accuracy increases.
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In planning and design studies, information is
usually needed to refine the size and location of
specific facilities intended to satisfy current
and/or future needs. This results in the often
used title of "capacity expansion". On the other
hand, in operation studies information is sought to

improve the operation of an existing system.

Optimisation

Optimisation attempts to find a solution to the
modelled problem which cannot be improved with
respect to chosen objectives; for example, minimise
loss, maximise benefits, or maximise expected

economic income.

This is accomplished through the use of one of the
available mathematical techniques which either
solve directly, or search iteratively, for the

optimal solution.

In the field of optimisation there are many
algorithms and methods which have been applied to
the study of water resource systems. Their degree
of usefulness ranges from almost purely academic
exercises to more practical approaches which may be

applied to a particular water supply system.

If the system can be described analytically, such

mathematical programming may be used to find the
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optimum operating strategy. Thus a system may be
defined by a set of input variables subject to
constraints, and an objective function of these
variables. The objective function is to be
optimised by finding permissible values of the

variables which yield a best solution to the

function.

The advantage of such analytical methods is that
they involve a direct quest for the optimum
solution. However there are several
characteristics associated with most of them which

affect their application.

Since the search for the optimum solution is based
on mathematical theory, there are associated
mathematical constraints imposed on the model.
Prerequisites such as linear or piecewise linear
objective functions and constraints, or
restrictions on the characteristics of the
objective function such as convexity or continuity
must all be satisfied before the model can be used
with confidence of obtaining an optimum result.
These restrictions on the form taken by the model
require approximations of the real system elements
to be used, since rarely do systems exist which by
their nature satisfy all the necessary conditions.
The degree to which modifications must be made to
implement an optimisation technique governs the
accuracy and realism of the results that can be

obtained.
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Besides these mathematical constraints, the

economics of certain techniques may affect the

model.

In order to ensure that the cost of modelling does
not become prohibitive, it is often necessary to
eliminate many of the detailed considerations which
occur with operating multi-reservoir systems in
practice. Simplification of the system and
reduction of its operating procedures to fixed
operating rules facilitate the formation of a
solution, but do not reflect the real life nature
and interaction of the system in terms of

flexibility and variability of operation.

The problem of dimensionality in optimisation is
also of concern. To obtain an optimum result
within the limits of the real system, constraints
must be included in the model to define the region
of feasibility for the analysis. It can be
appreciated that as the size and complexity of the
system increases, so also do the number and
complexity of the constraints, increasing the
dimensionality of the model. Despite the use of
high speed digital computers, the adverse economic
and time factors of large dimension models preclude

their use in most cases.

In many systems it is also difficult to define the

objective in mathematical terms. While the
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defining of economic benefit functions for some
water-based needs (e.g. hydro-power and irrigation)
is reasonably well established, this is not the
case for systems which produce certain other water
based benefits such as recreation or environmental
harmony. Within a single reservoir system, it is
not easy to satisfy all possible design and
operating policies, and there is often no assurance
that the best combination of policies and
structural measures can be found. As a result the
pure definition of optimisation is sometimes not
applicable, and the best that can be achieved is a

satisfaction of the demands placed on the system.

To define the most satisfactory solution for the
chosen objectives, the "decision maker" must define
the relative levels of benefit, or dis-benefit, to
be used by the model as the limits to the objective
values. This set of trade-offs establishes the
level of desirability of achieving each objective

with respect to all the other objectives.

Simulation as a Technique

Simulation methods unfettered by the rules and
restrictions of mathematical theory have a great
freedom and flexibility in modelling systems too
complicated for direct optimisation by analytical
techniques. Since there is not the same demand for

simplification, the model can more closely simulate
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the functions of the real system with an attendant

potential increase in model detail and accuracy.

Greater flexibility in deriving responses which are
defined in non-economic terms is also possible, and
from the operational point of view, they provide a
more effective focus for dialogue between computer
system and operators, since the ideas inherent in
simulation modelling can be understood more easily
than those associated with optimisation of a
frequently "cut-down" system. However no direct
answers for the best solution can be obtained with
certainty, and most responses must be expressed in
statistical terms. Thus to obtain confidence
limits on the results, a large number of trials is

required.

Simulation can be used very successfully,
especially when combined with sound operator
experience and human judgement. In addition, for
systems which have a substantial portion of their
water based benefits expressed in non-economic
terms, simulation modelling will continue to be

almost the only practical approach for some time to

come.

The statement of these advantages does not mean to
imply that simulation as a technique completely
avoids the pitfalls of the analytical methods. 1In
many cases it may suffer from exactly the same

problems.
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Some operations are so variable that they cannot be
described mathematically in a way that provides the
necessary and sufficient criteria for decision
making over all possible events and states. 1In
such cases either some of the "offending"
interactions are ignored completely or so
simplified that the problem ceases to exist. 1In
either case, the quality of the results obtained
from the simulation suffer correspondingly. A
further consideration is that, since no direct
indication of the optimum is given, further
techniques must be applied to the results of a
simulation in order to move towards the "best"

solution.

Despite such drawbacks, simulation can often
facilitate investigation into mathematically
intractable systems, and may indirectly supply data
to allow an improvement in operational procedure

using further techniques.

Interactive Graphic Simulation

The general technique of batch mode simulation,
outlined in the previous section, does not usually
allow an operator to see readily how the problem is
developing through time, nor does it provide the
facility for direct interaction. At the end of
individual simulation experiments, only statistical

answers are produced.
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The great usefulness of interactive simulation is

based on the following considerations:

While the human mind is highly inefficient in
processing large amounts of data and coping with
mathematical calculations at speed, it is eminently
suited to making decisions and considering
alternatives. The high speed digital computer on
the other hand, has no difficulty executing immense
data processing tasks and high speed calculation,
but very complex programming is needed for even

relatively simple decision processes to be

accomplished.

Therefore, if each side of the man-computer system
is to do the job for which it is best suited, then
interactive simulation appears to be a particularly

efficient method of dealing with system simulation.

The development of video display (graphics)
computer terminals has been important to the

further enhancement of this method's efficiency.

In its simplest terms, the reason for using graphic
displays is that they convey more information to
the user. The brain perceives a picture in a
glance - a process called preattentive perception -
but it must comprehend text or numbers in a more
laborious, one-at-a-time fashion. During this

serial decoding operation, the user must make an
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effort to concentrate. 1In comparison, viewing

pictures seems effortless.

Not quite so fundamental, but nevertheless still
basic to overall effectiveness, are the
considerations that graphic displays add
flexibility to the communication methods available
for model control, so that the operator may
communicate with the computer in visual symbols
that represent his concept of the system being
modelled. As a result, a graphics interface allows
the user to interact at the level of his own

intuitive sense of structure and function.

It can be appreciated that interactive graphics
provides a unique tool that can be used in
simulations of complex systems. The model user can
thus make decisions quickly which can then control
the ongoing simulation on the basis of intelligence
generated by the simulation. This capability not
only gives the model a more realistic control
mechanism, but also provides the user with
information concerning the entire operation of the

model, rather than just the end results.

Thus the philosophy of a visual interactive
simulation system may be understood as being that
an operator should be able to watch a simulation
model of his problem situation develop through

time. Meanwhile he is able to apply his knowledge
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and experience to the model in order to explore

alternative strategies, decisions or directives.

On the programming level, because much of the
control logic is removed from the computer program,
a simulation program using the graphics approach is
much easier to write, test and modify.

Furthermore, this lack of programmed control logic
means that the simulation is versatile in that it

can utilize more than one control doctrine.

Deciding on a Technique

While expounding the virtues of interactive graphic
simulation it is important not to lose sight of its
perspective relative to other techniques.

Certainly it is ideal for the study reported in
this thesis and a wide range of other variable
decision-making models, however as pointed out
earlier in this chapter it is only one of the valid
approaches suited to a particular type of problem.
Its justification will depend on the particular

problem in hand.

On the basis of using an interactive as opposed to
a batch mode (closed loop) program, the interactive
form requires constant attention and, due to the
inclusion of "slow" human decision-making on-1line,
the time taken for a single program execution is
relatively large and the cost correspondingly high

in comparison with batch programs.
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A further consideration is the fundamental question
of determining the aim of the analysis - whether it
is to be the system or the operator under

scrutiny. For example, if the testing of a
standard operating rule is required, which is to be
repeatedly used without modification, then a closed
loop simulation is adequate, since it is redundant
to involve human interaction if the input required

is solely repetitive.

Often the stimulus for analysis is the envisaged
precipitation of an optimum policy. Small systems
can be relatively easy to optimise and may not be
considered worth the trouble of a non-optimising
interactive graphics solution. Large systems are
sufficiently important in the economic sense to be
able to justify highly complex optimisation
analyses, since a small improvement in operation

may be of considerable economic benefit.
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CHAPTER 3

3. LITERATURE REVIEW

3.1 General

The literature review aims to set the scene for
later chapters by supplying information and
examples relevant to systems analysis and the human
aspects of man-machine communication. This
subdivision serves to emphasise the importance of
these factors in the current research and prepares
the way for recognition of their importance in

following chapters dealing directly with the study
detail.

Due to the clear distinction which can be made
between the two areas of interest in this review,

two separate sections have been used.

This first section of the literature review
examines water resource system optimisation and
simulation and discusses problems of their use in

very complex systems.

Sigvaldason (3) points out limitations in the
application of optimisation models for defining
multi-reservoir operating policies where systems

are composed of many reservoirs.
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These models become computationally expensive as
the number of reservoirs increases and the length
of the hydrologic sequence increases. For larger
systems of more than five or six reservoirs he
suggests that the most successful modelling
strategy is simulation. An exception is given by
Maidment (4) who reveals that specialized forms of
linear programming have been used to optimise river
systems containing as many as 48 reservoirs,
although a number of simplifications had to be

introduced to obtain the solution.

Also Croley (5) gives a modified application of the
deterministic optimisation technique for which the
computational requirements of optimisation can be

reduced. Thus larger systems may be analysed than

might otherwise be possible.

Simulation and Optimisation: Applications

While computer modelling has the ability to solve
otherwise intractable analytical problems,

Singh et al. (6) point out that accuracy and
simplicity in modelling are competitive. This
sentiment, which is echoed throughout the
literature, points towards a division in the

application of computer modelling techniques.

In the context of the previous chapter's

introductory remarks concerning simulation and
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optimisation, the following guidelines may be

inferred.

Where detailed information on system operation is
desired, as in analysis of system functions where
an accurate and hence complex model is required, a
direct simulation of the reservoir system is used
in most cases. Alternatively, when some form of
best solution must be chosen from a group of
possible solutions, a mathematical optimisation
analysis is often applied. Examples of this
situation arise in design decisions for optimum dam
heights, siting and timing of reservoirs and
associated works, or as planning strategies in
proposing reservoir operating rules for hydro-power
generation, irrigation, flood control or water
supply. Needless to say there are exceptions to
this categorisation. Sometimes optimisation is
used in detailed analysis, and repeated simulation

is used to evaluate a statistically optimal result.

While a useful guide, such a division must also be
viewed as being somewhat arbitrary in nature, since
several other factors may influence the choice of
procedure., These include the amount and accuracy
of available data, the time available for producing
a solution, and the computing power at the disposal
of the analyst. 1In addition, Kisiel (7) highlights
the importance of the form of the objective

function and state transition function on the
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choice of solution method:

i.e. objective function -
output = G (S(t), X(t))

state transition function -

S(t+1) F (S(t), X(t))
where S(t), S(t+l) = states (storages at times t
and t+1 respectively).

X(t)

system input for time t.

For deterministic 'F' both mathematical programming
and simulation are employed. However, for
stochastic F, optimisation has greater difficulty
dealing with the problem than simulation. Examples
of procedures which optimise under stochastic
conditions are given by Croley (8) and Rohde et al.

(9).

Chow (10) reports on discussions of the different
aspects of both optimisation and simulation. He
considers simulation models to be justified for
long range planning, but when approximate answers
are needed quickly he suggests that analytical

procedures applied to simplified models must be

tried first.

Loucks (1l1l) however sees simulation and
optimisation as complementary techniques.
Simulation may be used to evaluate alternative

system configurations, but optimisation is more
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effective for defining the initial combination of
reservoir capacities, target storages and
policies. Even if the best solution is not found,
at least the worst solutions are eliminated from
further consideration. Loucks acknowledges that
the limitations of optimisation restrict its use to
preliminary screening, followed by a more detailed
simulation of the system to check the proposals in

a more realistic context.

These references indicate that, while general rules
can be found, the realms of application for

simulation and optimisation also vary according to
the opinion of the individual and preference for a

particular technique.

Uncertainty and Risk

Despite the variations in the use of simulation and
optimisation, a common concern expressed in the
literature is the importance of considering the
probability of the outcome (risk) in any analysis.
This concern stems from a realisation that while
optimisation can yield an optimal result, there is
no indication in the solution of the probability of
obtaining either the solved optimum or complete
system failure while implementing the optimum
strategy. In fact analytical methods can give

solutions with significant probabilities of failure.
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Protagonists for simulation use risk evaluation as

a further justification for their cause.

Askew et al. (12) point out that once the optimal
solution is found, some form of Monte Carlo
analysis is still needed to check the associated
probability of failure. This extra step reduces a
complex optimisation analysis to little practical
value, and it is considered quicker and simpler to
use simulation involving Monte Carlo techniques
right from the start. Harboe and Schultz (13) cite
an application of simulation to a reservoir in
West Africa for which one of the main objectives is

an acceptable risk of failure.

With reference to optimisation Kisiel (14)
acknowledges the uncertainty in defining accurate
objective functions and constraints: "To the
extent that many constraints, state transition
functions and objective functions are well defined
or known, might our confidence in the optimal
solutions be strong. On the other hand, if such
prior knowledge is not available, then varying

degrees of risk must be taken in the use of the

results".

Hall (15) considers risk and uncertainty as a set
of objectives within optimisation which are
inherently non-commensurate with the other
objectives, or for that matter even among

themselves.
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The lack of a standard approach to the
specification of risk objectives is due to the
infinitely possible number of system risk levels.
Determining an acceptable answer to the deceptively
simple question, 'Risk of what?' gives a starting
point. The tentative evaluation of some of these
objectives is explored by Haimes and Hall (16) as
part of the optimisation process. Aspects of risk
indentified as being important in the final
solution are given as stability, sensitivity,
irreversibility and responsivity. It is suggested
that these additional constraints help to better
define the best workable solution (acceptable risk)
rather than simply the best mathematical result

regardless of the risks involved in obtaining it.

Nazar et al. (17) use a simulation of a river
system involving irrigation and hydro-power for
analysis of the risk of obtaining given target
levels. The results enable suitable trade offs
between risk and the other objectives (e.q.
hydro-power) to be established, and it is suggested
that these could be used in a multi-objective
optimisation, thus explicitly including risk as an

objective.

Morel-Seytoux (18) emphasises that the particular
optimisation formulation chosen will depend on the
actual characteristics of the system under

investigation.
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Optimisation Considerations

The following sections contain discussions on
topics which for the most part are techniques for
solving the problems that can occur in optimisation

analyses and not in simulation studies.

This is simply due to the fact that simulations do
not contain objectives to be internally satisfied
by the model before a satisfactory solution can be
formulated. Information is presented to the
analyst who must then decide on what modifications
are required. The necessity in optimisation to
chose internally between alternative plans or
strategies, on the basis of an objective function,
brings the associated problems of finding common
ground for comparisons, and coping with the

dimensionality of a large reservoir system model.

Multi-objectivity

As long as the objective to be optimised within
a reservoir system can be expressed in terms of
a single utility, such as dollars of
benefit/loss, then a direct comparison of
alternative values can be made within a
straightforward optimisation analysis, and a
single best solution may be easily achieved. 1In
practice, however, individual reservoirs and
systems of reservoirs of any significance are

seldom designed or operated to fulfil only a
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single function. The mammoth capital investment
involved in such structures demands that any
such installation be used to satisfy as many
different needs as possible for maximum
efficiency. This involves the simultaneous
consideration of several objectives, any or all
of which may be conflicting in their
requirements from the system, and may be
expressed in values not amenable to direct
comparison. Hence the use of multiple
objectives and multi-criteria optimisation are

important in reservoir management.

The political nature of such policy planning is

discussed by Haith and Loucks (19).

It can be appreciated that the establishment of
trade-offs is a critical step in system
optimisation. Any errors or unrealistic limits
will ultimately affect the relevance of the
final solution. 1In order to avoid such pitfalls
often associated with the evaluation of
trade-offs before commencing the analysis,
Beeson and Meisel (20) advocate the evaluation
of trade-offs only after the analysis. The
problem is not treated as a direct optimisation
resulting in a single best value. Instead the
multiple criteria are maintained as separate
entities in the objective function to be
optimised, and due to the vector nature of the

optimisation result, a set of "non-inferior"
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solutions is obtained. The significance of this
solution set is that no other solutions exist
which are better in terms of all the criteria.
They represent the alternatives available to the
decision maker, and the associated values of the
objective function show the trade-offs
available. This avoids the usual problems of
including trade-offs as constraints - requiring
that the trade-offs be determined before their
effects can be fully assessed. Thus an
examination of alternatives is advised in
multiple criteria optimisation rather than
obtaining results by a fixed assignment of

weights or constraints,

The examination of alternatives by the decision
maker is a theme also taken by Croley and

Raja Rao (21). They point out that the use of
subjective trade-offs between objectives by
involving the decision maker, who chooses the
desired balance in benefits and costs, avoids
having to bring all non-commensurable quantities
to a common value base, which would have to be

done before the interactions can be modelled.

The essential feature of the proposed method is
that the subjective choice of the importance of
objectives is made after all operating

consequences with respect to each objective are

evaluated.
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The example given is a single reservoir with the

conflicting objectives of recreation and flood

control.

An alternative form of avoiding premature
trade-off determination is proposed by Neuman
and Krzysztofowicz (22). An interactive form of
trade-off analysis is used in which the decision
maker is asked to progressively refine system
trade-offs during the analysis. This allows him
to see the effect of the previous trade-off
sequence and modify the limits towards a more
acceptable balance in the criteria. The
procedure iteratively refines the search for the

best solution on the basis of each new trade-off

definition.

A general review of multi-objective techniques
was made by Cohon and Marks (23). The various
procedures were evaluated according to three

operational criteria:

1. computational efficiency and feasibility.

2. explicit quantification of trade-offs among

objectives.

3. provision of sufficient information that an

informed decision can be made.
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Their results indicated that, while some
techniques are not applicable to water resources
multi-objectives planning, the size of the
problem (number of objectives) governs the
choice of the optimisation method in order to
capture the important elements of the problem
and still maintain computational feasibility.
However it was acknowledged that for high

dimension problems very extensive calculation is

inevitable.

Multi-Level or Hierarchical Modelling

Up to this stage, analytical techniques have

been discussed which can successfully be applied

to only a small number of reservoirs.

Different methods are needed for the
optimisation of large and complex reservoir
systems. Haimes and Macko (24) use the
California Water Project as an example in which
the operation of four rivers, their associated
dams, ten reservoirs, and power plants is

optimised.

The technique used for such applications is a
hierarchical or multi-level decomposition
approach (Haimes and Macko (24), Haimes (25)).
The approach recognises a complex system as

consisting of a number of interacting
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subsystems, each having its own objectives and

operating constraints.

These subsystems are co-ordinated at a higher
level of the hierarchy, where the overall
system's objectives are specified and achieved
through resolution of interactions and conflicts

between subsystems.

The decomposition of a complex system into
simpler subsystems yields a reduction in the
dimensionality of the problem at the expense of
having to solve several subproblems of lower
dimensionality. This in turn reduces the

computational effort involved.

Decomposition is accomplished by introducing
into the model new variables known as

pseudo-~variables.

These variables are used to uncouple the common
variables of two or more subsystems at a lower
level in the hierarchy. This uncoupling allows
each subsystem to be separately and
independently optimised, with perhaps different
optimisation techniques being applied, based on
the nature of the subsystem models as well as on
the objectives and constraints of each
subsystem. The subsystems are joined together

by coupling variables which are manipulated at a
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higher level in order to arrive at the optimal

solution of the whole system.

An example of such a decomposition and
optimisation is given by Bonazountas and
Camboulives (26). A five reservoir system is
decomposed into three separate subsystems for
short term, long term and water quality control,
each subsystem requiring a different

optimisation technique.

It should be noted that decomposition results in
a number of layers or levels of which the lowest
level represents the subsystem of sufficient

simplicity for modelling.

Nainis and Haimes (27) use the technique in a
general method proposed to facilitate planning
for optimal long term economic expansion in
water resource systems. The modelling system is
composed of two major interacting components - a
supply model and a demand model. The supply
model is used to determine the scale, timing and
location of water resource projects to satisfy
given water withdrawals over time. This is
accomplished by decomposing the supply system
into subproblems according to separate
subregions and optimising each subproblem. The
demand model predicts water demand functions for

the supply model. The overall control routine
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is iterative and seeks to simultaneously

equalize the models' marginal costs and benefits.

Herath and Chong (28) report on the use of the
hierarchical multi-level optimisation approach
to determine optimum timing of structural

augmentations to a system of 8 main reservoirs

and two major and one minor pipeline.

Simulation Considerations

Having established the approximate nature of an
optimum solution it is clear that simulation has a
role to play in refining such results so that they
may be confidently implemented on a real system.
An accurate simulation model may bring to light
certain flaws in the optimum which, due to the

necessary assumptions in the original analysis, may

have remained unnoticed.

Maidment (29) considers that the most appropriate
approach to the solution of water resource problems
is some combination of the flexibility of
simulation (to avoid approximation errors) and the
efficiency of optimisation (to rapidly find the
best solution). Such a combination is currently
possible through either sequential or conjunctive
use of the two techniques. Cole (30) gives an
example of sequential use. An optimal solution for
a single multi-purpose reservoir problem is

obtained using dynamic programming, and in order to
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evaluate the results more fully he suggests

simulation of the output.

Wilkinson and Smith (31) discuss a procedure for
conjunctive application. A purpose-designed
iterative search procedure uses the output from a
simulation model to evaluate the required
incremental changes to be made in order to move

towards the optimal solution.

It is often assumed that the analyst or policy
planner has no prior knowledge of the system, or
that the system is too complex for an optimal or
near optimal solution to be found without the aid
of an optimisation analysis. The philosophy of the
Hydrologic Engineering Centre of the

U.S. Army Corps of Engineers (32) does not concur

with this attitude.

Their opinion is that in system design, with an
adequately detailed simulation model, essentially
good engineering judgement may be used in lieu of
optimisation models to determine preliminary
location, type and sizing of components in
reservoir system configurations. This approach may
be extended validly to the area of system operation
where the experience gained by individual managers
over many years gives them significant insight into
the likely effects of changes to the system. Thus,
sound human experience combined with effective

simulation modelling may prove to be as efficient
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as an optimisation study. The work by Toebes and
Rukvichai (33) is one of the few studies which
acknowledge the important process of model
adjustment by using the experience and insights of

the real-system operators.

Unlike optimisation, in which a reasonably standard
form of problem specification is required by each
analytical technique, irrespective of the actual
configuration of the system, the "free form" nature
of simulation allows each model formulation to be
problem specific, if so desired, from its
conceptualization to its implementation. As a
result, many examples of simulation models to be
found in the literature are totally independent in
methodology. By the same logic, this freedom of
modelling allows a general program to be created
which can, for the single programming effort, be
used to simulate a wide variety of different
systems by the inclusion or exclusion of various

subroutines.

An example of such a program, is given by Ford (34)
for design and operation augmentation.

Ashkanasy (35) uses recursive programming which
allows full generality, since the model itself
chooses the most rational order of element
analysis, depending on the month to month changes

in conditions.

The Hydrologic Engineering Centre has been active



35.
in the area of simulation for many years.
Beard (36) describes the application of the HEC-3
reservoir simulation model, from the Hydrologic
Engineering Centre, to a system of eighteen
reservoirs and fifteen additional control points.
HEC-3 (37) is a traditional simulation program for
any configuration of reservoir system. Reservoirs
are operated by maintaining the user specified
balance of storage in each for every time
interval. The time interval is specified by the
user, and the system is solved in a sequential
downstream operation. McMahon et al. (38) use a
second and similar simulation model HEC-5C, from
the same institution, to simulate the multi-purpose
operation of a reservoir system for recreation,
environment, hydro-power, water supply objectives

as well as the economic impacts of a pumped storage.

A second large scale general simulation program,
developed at the Massachusetts Institute of
Technology, is reported by Lenton et al. (39). The
model can be used to obtain estimates of physical
and economic performance of river basin
developments for an arbitrary system, It is
predominantly a planning tool and uses the

Monte Carlo method to evaluate indices of physical
and economic performance. A time interval of one
month is used. As in the HEC programs, water is
allocated to users in an upstream to downstream
order with constraints on minimum flows to ensure

that downstream users are given due consideration.
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CHAPTER 4

LITERATURE REVIEW - MAN AND COMPUTER SYMBIOSIS

This chapter concentrates on the man-machine aspects
of interaction. An examination is made of the
literature which reviews the current potential of
computer graphics and the need for consideration of
efficient communication between operator and
computer, with finally some examples of operating
systems which have some similarity to the current

research.

As has been shown in the previous chapter, a wide
variety of computer techniques exist for the analysis
of all types of reservoir systems. In planning and
design many procedures do not require direct human
intervention since the decisions to be made can be
determined faster and more efficiently by utilising
mathematical analysis alone. However in the area
involving continual human judgement, that is system
operation, models positively benefit by the inclusion
of human interaction. To ensure this benefit is not
at all diminished through vague or confusing
communication between man and machine, the
formulation and results of the analysis must be
arranged to suit the input/output demands of the

human.
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Interactive Graphic Simulation

While simulation per se may prove to have intrinsic
advantages over optimisation in some applications,
a particularly important aspect of the interactive
graphic method is the ease with which a human
operator may be included in the control loop. This
enables the removal of much of the necessarily
restrictive decision logic required by a
stand-alone (closed loop) simulation model, since
instead the operator is asked by the model to make
decisions to further the course of simulation,
based on continuously updated visual data
indicating the system conditions. Although

seven years separate'their research papers, both
Frankhauser and Kidwell (40) in 1971, and Hurrion
and Secker (41) in 1978, stress the advantages of
this approach. Not only are the results from a
system so modelled more realistic, due to the human
decision making involvement, but also the operator
gains greater insight and understanding of the real
system and its processes, rather than simply
receiving the end results. The graphics interface
is seen as an indispensable highly flexible

interface between operator and computer model.

Human Factors in Interactive Graphics

To establish the significance of the human psyche

on the design and implementation of an interactive



38.
graphics program requires an excursion into some
aspects of psychology. An oft quoted article by
George Miller (42) indicates the severe limitations
placed on the amount of information the mind can
receive, process and remember using the short span
of absolute judgement and immediate memory. The
logic behind this initial psychological approach is
that once the limits and characteristics of the
mind's processes are known (albeit not necessarily
understood) the man-machine interface can be
designed so as to avoid reaching these limits, and

also be accommodating to human ideosyncrasies.

David (43) concentrates on human perception and
information transmission factors and shows, through
references to many experiments, some further limits
to the adaptability of the mind. Many of the
points discussed are acknowledged as being

qualitatively clear, but quantitatively ill-defined.

Rather than writing in general physiological and
psychological terms, Robert Miller (44)
concentrates on response time ramifications for
interactive systems. It is shown that a standard
short response time (low variability) suggested by
some researches is neither mandatory nor even
desirable for all computer interactions.
Illustrations of this philosophy include the highly
variable time dependency of spoken conversation,

and the different acceptable waiting periods for
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answers after completing tasks of different

complexity - known as psychological closure.

Seventeen separate categories are supplied as a

guide to possible response time variations.

Hanson (45) on the other hand is concerned with the
whole arena of interaction. A set of "User
Engineering Principles" is outlined for the design

of interactive systems.

The first principle and central theme is "Know the
User". From this knowledge all interactions can be
tailored to the user's requirements, helped by
further principles of "Minimise Memorisation".

"Optimise Operations"”, and "Engineer for Errors".

James Martin (46) considers interactive graphic
systems in the context of man-computer dialogue.
The important limitations of the human are
discussed in the context of design for beneficial
man-computer interactions. Principles of good
interface design are suggested to avoid most

pitfalls.

Folley and Wallace (47) wrote a definitive paper on
man-machine interaction in 1974, and its quality is
acknowledged even now, since most current
researchers refer to it. The approach used was

hinted at but not developed by researchers before
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that time in attempting to define problem areas in
interface design. The theme is simplicity itself;
language is the basis for inter-human communication
and so, logically, the same principles and
conventions which govern spoken language can be the
models on which human-computer interaction may be
built. The aim of this philosophy is that such
interaction should be so natural to the user that
he becomes unaware of it, his mind thus being freed
for efficient problem solving. The psychological
principles which are discussed build on this
foundation and also refer to the response time
variations of Robert Miller, and Hanson's

principles.

Spence (48) acknowledges this philosophy in his
article outlining considerations and techniques in
interactive graphics. As an example of the
application of many of the design principles
discussed so far, Simanis (49) combines most of the
accepted techniques for effective communication in
an interactive graphics package for data display

and analysis.

Using experience and extensive experiments on human
characteristics, the previous references have
established those factors which each author
considers important for effective communication
with the computer user. The somewhat simpler
method of asking the operators just what they

require can be equally as successful.
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Herda et al. (50) using a large sample of
interactive system users, have used this method to
obtain a set of seven independent characteristics
of interactive systems which the users desire.
This pragmatic approach to the definition of system
characteristics is accepted as a valid procedure
since it is almost the only method by which all the
user-identified requirements can be evaluated.
Schneiderman (51) defends the approach, explaining
that while experiments are no guarantee of quality,
at least they are better than informed guesswork.
The experimental method can be further justified by
considering the difficulty in directly quantifying
the beneficial effects of many largely unmeasurable

elements in the system design.

Newman and Sproull (52) supply a comprehensive
systems approach to interactive graphics, and
discuss the design of the user interface. Advice
and examples are given on the subjects of the
user's model, control language, feedback and

information display.

Applications to Reservoir Management

The scarcity of published material dealing with
applications of interactive graphics to reservoir

systems begs the question, "why is this so?".
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System managers may have neither the time nor the
inclination to become involved in the direct
strategy formation process. They may rather prefer
to leave the formulation of feasible policies to
the analysts, and exercise their decision making
powers only after a series of alternatives have

been chosen (see Haith and Loucks (53)).

Interactive graphic simulation is, however,
particularly useful where the role of the system
manager is of paramount importance for the
successful operation of the reservoir system, since
the model then not only simulates the system
configuration but also the control mechanism
involved. Along similar lines, this simulation
method is useful for operator experiencing so that
the potential hazards of management can be
understood and the necessary skills developed.
Absolute freedom for experimentation with different

control strategies is a third application.

This avoids the sometimes awkward problem of
attempting to define fixed operating rules based on
complex management processes which have a multitude
of objectives and dependencies, and also allows the
flexibility of operator redefinition of system

trade-offs to carry the simulation through crisis

periods.
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With these factors in mind, French et al. (54)
describe a highly flexible water resources planning
system involving colour graphics in which one of
the four major applications is as a multi-reservoir

simulation for water supply.

User control of this simulation includes fully
interactive graphical input of data and output of
results. Reservoir release rules, storage limits,
and reservoir balancing curves must be supplied,
and the actual simulation operation takes place as
a closed loop. Hence it does not take advantage of
the inclusion of the operator to be directly
involved as part of the operation. The model is
shown to somewhat circumvent this problem by having
the facility to rapidly change operating policies
and resimulate the problem. The system uses the
necessary compromise between a fully interactive
simulation and a generalized program capable of

accepting any reservoir configuration.

Shafer (55) also considers the inclusion of the
system manager as fundamental to any model's
real-world significance for solving water
management problems. His work has involved the
synthesis of a new river basin model from the large
number of such models already in existence. It is
designed to enable the analysis of water
availabilities throughout a river basin resulting

from alternative water management policies over
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long term planning horizons. He stresses that it
is necessary for such models to be used by the
system managers themselves rather than computer
programmers, To this end, data input is
accomplished via an interactive conversational
input file which allows a user with only
rudimentary computing knowledge to operate the

model.

In the real-world rather than the simulated time
frame Abraham (56) dicusses a suite of computer
programs for the day to day regulation and

management of the Columbia River basin.

The computer system performs trial simulations for
a given time frame with the capability for operator
intervention through interactive graphics. This
facilitates the evaluation of daily control
decisions., A fast response time and interactive
graphics are key features required for this

complex, multi-purpose, multi-reservoir system.
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CHAPTER 5

The Adelaide Metropolitan Water Supply System

In South Australia the capital city, Adelaide, and
its general metropolitan area have a water supply
system of moderate complexity involving the
conjunctive use of pumped supplies and natural runoff
stored in surface reservoirs. This system is
operated to maintain an adequate supply for domestic,
public and industrial use. It services nominally the
Adelaide Statistical Division, with a population of
approximately 1 million, although the eastern
boundary includes some additional small townships.
This Adelaide region is in fact only a subset of a
much larger state-wide supply system based on the
River Murray as the supply source, but the
metropolitan system may be analysed as an isolated
system with the rest of the region contributing only

boundary conditions to the analysis.

The system under investigation includes ten
reservoirs, four weirs and three pumping stations on
the River Murray, the single main objective being
water supply. The climate is described as
mediterranean, however temporally and spatially
erratic rainfall has made South Australia the driest

state of Australia.

The majority of the reservoirs rely on natural
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inflow, supplemented to varying degrees by pumped
water from the River Murray for maintenance of

operating storage (figure 5.1, from ref. 1).

The amount of water pumped from the River Murray is
directly related to the natural inflow to the
reservoirs and their condition (i.e. volume held) at
any particular time. For example prolonged dry
weather resulting in increased demands without
storage replenishment from rainfall results in the
reservoirs being drawn down, thus requiring pumping
from the River Murray to re-establish satisfactory

storage volumes.

Pumped water is expensive, and annual pumping budgets
of several million dollars are not uncommon. As a
result, while some pumping to the metropolitan area
is usually required, any extra pumping requirements
are carefully controlled and minimised when this is

possible,

Physical Extent of the Model

The metropolitan Adelaide headworks system is
analytically cumbersome if all the storages are
considered only as elements of a single large
system. This difficulty can be overcome by
decomposing the entire system using two levels of
complexity. The metropolitan system can be divided
into two zones, a northern and southern zone

(fig. 5.2). Within each zone the reservoirs, pump
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stations and demand areas are closely interconnected,
however between the zones there is only a loose
interconnection which has been ignored in the model
without loss of realism. This distinct division of
system operation has the added advantage that either
zone may be simulated individually without fear of
artifically presuming the outcome of the other. This
method is often used in practice when one zone only

is in a critical period of low storage and needs to

be examined particularly carefully.

The second level of decomposition allows each zone to
be divided into subsets or subsystems, each of which
is centred on a major water-course used for water
supply. The concept of a subsystem is quite common
in water resources modelling, being simply a means
whereby a large and/or complex system may be
simplified for analysis by isolating its more or less
independent components (subsystems), and examining
each of these individually as discussed in Chapter 3,
section 3.4.2. In this model, each subsystem
contains storages, demand areas and natural inflows,
while several may also be supplied from pump

stations, or obtain transfers from storages in other

subsystems.

The model includes the following elements in the

analysis of the headworks system:

1. Ten reservoirs

2. Two weirs
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3. Three pump stations

The configuration of these elements within the
subsystem format is given in table 5.1 and shown in
figure 5.2. Since the function of the system has
been solely water supply for most of its operational
lifetime, and this remains the highest priority,
other proposed management avenues such as flood
mitigation and recreation have not been considered.

As a result this is a single objective system.

Myponga reservoir is the only storage which relies
solely on its catchment inflow for replenishment.

The Anstey Hill water treatment plant illustrates the
opposite extreme at which supply in most years is

derived directly from Mannum pump station.

A detailed study has been carried out already on the
metropolitan Adelaide water supply system (1978) by
the South Australian Government (ref. 1) with regard
to system augmentation over the next 30 years. The
report associated with that study is recommended
reading since its description of the supply system
provides background information on the starting point
of the current model. Input data for the current
model, in the form of natural inflows and demands,
have been taken directly from the previous
investigation. Reference will be made where
appropriate to that study. The only modification to
the system which concerns the current research since

the publication of that study report is the
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commissioning of the Anstey Hill Water Treatment

Plant, which has taken over the demand zones formerly

supplied by Kangaroo Creek Reservoir.

A description of each of the subsystems included in

the model is given in the following section.

SUBSYSTEM RESERVOIRS WEIRS PUMP STATIONS
Myponga Myponga = =
Onkaparinga Mount Bold Clarendon Murray
Happy Valley Bridge
Torrens Millbrook Gumeracha Mannum
Kangaroo Creek Gorge
Hope Valley
Warren + Warren - Swan
Northern Reach
South Para South Para Barossa Swan
Barossa Reach
Little Para Little Para - Mannum

Table 5.1

Elements in each subsystem of the Metropolitan

Adelaide Water Supply System.
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Subsystem Discussion

To define explicitly which elements of the system are

included in the model, and which are omitted, each

subsystem is discussed individually and its operation

outlined.

Myponga Subsystem

The Myponga subsystem, containing only Myponga
reservoir, forms the southern boundary of the
model. 1Its only inflow is derived from catchment
runoff, while demands consist of transfers to the
Myponga Water District, southern metropolitan
districts, and Hindmarsh Valley reservoir (not
modelled). The Myponga trunk main, after passing
through the previous demand zones, finally connects
with Happy Valley reservoir in the Onkaparinga

subsystem (fig. 5.3).

Since Myponga reservoir is at a higher elevation
than Happy Valley reservoir, water may flow via the
trunk main into the demand zones usually supplied
by the Onkaparinga subsystem. This operation
provides cheap water to the consumer. No pumping
costs are incurred as they would be if the water
originated from the Onkaparinga subsystem, since
that subsystem can be augmented with pumped water

from the River Murray.

Along the Myponga trunk main are several valve
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stations at which the pipeline may be closed thus
defining the fraction of the demand zones served by
each subsystem., It was established that the valve
on the main at the Christies Downs tanks is of
greatest significance in the majority of cases.
This valve has been included on the model to govern

the demand sharing between the two subsystems.

If the valve is closed, Myponga reservoir supplies
Myponga Water District, Hindmarsh valley offtake,
and the Southern Vales demand zone. In this case
the remaining demands of the Onkaparinga subsystem
are satisfied from the Onkaparinga subsystem. If
the valve is open, the model prompts for the size
of the transfer into the Onkaparinga subsystem from
Myponga. The requested volume is used to reduce
the demands on the Onkaparinga subsystem. If the
transfer is greater than the demand to be
satisfied, any excess is supplied to Happy Valley

reservoir itself.

The magnitude of the transfer is limited by the
available capacity of the Myponga trunk main after
its direct demand from Myponga Water district is
satisfied. Pipeline capacity is factored down
between October and March to allow for excessive
within-month peak demands (see Chapter 6,

Section 6.10). Any transfer requested which is
beyond the seasonal capacity is reduced by the

model to the available limit.
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The mechanism for indicating a transfer can only be
used when the Myponga subsystem is being considered
by the model, as the amount of water available for
transfer is highly dependent on the operator
perceived safety of the storage level in Myponga

reservoir.

Onkaparinga Subsystem

Of the two reservoirs in the Onkaparinga subsystem,
Happy Valley and Mount Bold, only Mount Bold can
obtain direct natural inflow from the River
Onkaparinga catchment. Local augmentation of this
main supply source is available through catchment
inflow at Clarendon weir, downstream of Mount Bold,
and also via the Murray Bridge-Onkaparinga pipeline
from the River Murray (fig. 5.4). Clarendon weir
is not considered to maintain any significant
monthly storage but its small catchment inflow can
be used to replenish Happy Valley reservoir via a
transfer main. Months may occur however during
which natural inflow accumulates at the weir at a
rate greater than the flow capacity of the transfer
main, and some fraction spills over the weir to
waste. An estimate of the "transfer function" for

the transfer main is included in the model.

The third form of augmentation is the transfer of
supplies from the Myponga subsystem which was

discussed in the previous section.
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The volume of pumped water available to Mount Bold
reservoir from the Murray Bridge-Onkaparinga
pipeline is less than the total pumped at Murray
Bridge due to the sundry offtakes to townships
along the pipeline. These demands are not large
but remove a significant portion of available
pipeline supplies during summer months. Hence,
even when there is no pumping to the Onkaparinga
subsystem, Murray Bridge pump station supplies some

flow to satisfy these demands.

Torrens Subsystem

With two weirs, three reservoirs and direct
interaction with the Mannum-Adelaide pipeline to
supply Anstey Hill Water Treatment Plant, the
Torrens subsystem is the most complex subsystem to

be included in the model (fig. 5.5).

Of the two weirs in the subsystem only Gumeracha is
modelled, due to the lack of available data for
Gorge weir. Gorge weir which receives Deep Creek
natural runoff has a catchment area similar in size
to that of Clarendon weir in the Onkaparinga
subsystem. Inflows from Deep Creek are included in
the model and supplied without modification (no
transfer function) to Hope Valley reservoir,
Although this causes an overstatement of the demand
capable of being satisfied by Hope Valley
reservoir, the Water Resources Study (Ref. 1

section 4.3.2) considers this distortion to be
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insignificant for the subsystem as a whole and the
same philosophy has been adopted in the current

research.

Gumeracha weir, like Clarendon in the Onkaparinga
subsystem, has an empirical estimated transfer
function associated with it. This transfer
function governs the division of the weir's
catchment inflow between Millbrook and Kangaroo
Creek reservoirs. A fraction of inflow is
transferred to Millbrook reservoir as required to
maintain the operator specified storage and the
remainder is released to Kangaroo Creek reservoir
directly downstream of the weir. Pumping input to
the subsystem also passes through Gumeracha weir
and is shared between Millbrook and Kangaroo Creek
reservoir, Pumped transfers are assumed to be
sufficiently controlled so that they are not

affected by the weir's transfer function.

The second factor of importance in the operation of
the subsystem is its interaction with the
Mannum-Adelaide pipeline, a direct supply line to
consumers. Pumped water from the Mannum pump
station travels directly to the Anstey Hill Water
Treatment Plant, but in addition Millbrook
reservoir can pump its storage to the plant also.
Hence this reservoir has a dual role as a storage.
Not only is it a supply storage for the Torrens
subsystem, but it also behaves as a backup supply

for the Mannum-Adelaide pipeline in the event of
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insufficient or failure of pumping at Mannum pump
station. In a more frequently used role it can
provide a cheaper source of water when it has large
inflows and high storage levels, since pumping to
Anstey Hill from Millbrook pump station is much
cheaper ($8 per Megalitre) than pumping from Mannum

(at least $24 per Megalitre).

An additional operation to which this storage may
be applied is as a balancing storage for the
Mannum-Adelaide pipeline. The section of pipeline
between the summit storage and Millbrook tanks
functions under gravity feed and so is of smaller
capacity than the pumped rising main (fig. 5.6).
This limitation can be overcome by releasing water
into Millbrook reservoir from the rising main and
pumping an equivalent amount into the pipeline from
Millbrook reservoir at the Millbrook tanks, thus
effectively bypassing the limited capacity section
of the main. The disadvantage of this technique is
its cost. Since the flow back into the pipeline at
Millbrook tanks is pumped twice - once at Mannum
and again at Millbrook pumping station - the final
cost will be greater than the price associated with
water pumped directly to consumption from Mannum

pump station.

The three operating modes of Millbrook reservoir
are included in the model. The operator must
specify the desired storage in Millbrook reservoir,

because of its dual role, and the decision whether



MILLBROOK

RESERVOIR
Pumped
ANSTEY
HILL
FILTRATION
MILLBROOK SUMMIT
WORKS o) _TANKS STORAGE
Pressure l Gravity gL Rising
Main Section il Main

(low capacity)

FIGURE 5.6 PIPELINE CAPACITY AUGMENTATION BY
MILLBROOK RESERVOIR




62.
to supply directly to pipeline demand from

Millbrook reservoir must also be resolved.

Transfers of water through Millbrook in its third
mode of operation are decided by the model due to
the lack of demand information supplied to the
operator. If the limited capacity main is
overtaxed due to a large transfer to Little Para
reservoir, the operator is prompted for a reduction
in the transfer. If no modification is made, the
model organises the extra diversion through
Millbrook reservoir to make up the full demand
quota. However, if the direct demand on the
Mannum-Adelaide pipeline exceeds the limiting
capacity, the model arranges the extra supply with

no reference to the operator.

Warren Subsystem

This subsystem forms part of the northern boundary
to the computer model and supplies to the northern
region of the state as well as the Warren Water

District (fig. 5.7).

Warren reservoir is the only storage in the
subsystem. Augmentation of natural inflow can be
obtained by a transfer from the Mannum-Adelaide
pipeline at a constant rate (425 Megalitres per
month). Pumping at Swan Reach reduces demand on
Warren's storage by satisfying some northern region
demand and in low demand periods may supply flow

into Warren reservoir.
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Any spill from Warren reservoir is taken by South
Para reservoir, and the Warren subsystem can supply
operator specified transfers to the South Para
subsystem. This quantity can be supplied by Warren
reservoir alone or by a combination of Warren
transfer and Swan Reach pumping after pipeline

demands have been satisfied.

South Para Subsystem

This subsystem completes the northern boundary of
the computer model. 1Its demands consist of the
Barossa Country Lands region and the northern

metropolitan area (fig. 5.8).

While both Barossa and South Para reservoirs are
included in the model, the diversion weir
downstream of South Para reservoir, Barossa weir,
is not modelled due to its insignificant

catchment. It is assumed that transfers to Barossa
reservoir are so controlled as to never exceed the

capacity of the transfer main.

As discussed under the Warren subsystem, South Para
and Warren subsystems are interconnected due to the
configuration of the Warren trunk main and Swan
Reach - Stockwell pipeline. It is from Warren
reservoir's storage and Swan Reach pumping that
augmentation of South Para's natural inflow is

obtained.
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Little Para Subsystem

Little Para subsystem is a recent addition to the
metropolitan headworks system - commissioned only
in 1978 - and the operation of its single storage,
Little Para reservoir, as a contributing element is

yet to be defined precisely (fig. 5.9).

Transfers to augment its small catchment inflow can
be obtained from the Mannum-Adelaide pipeline,
subject to the existing supply conditions on the
pipeline, as discussed under the Torrens

subsystem. Its small catchment combined with the
requirement of a significant volume of groundwater
recharge cause Little Para to be primarily a
balancing storage for the pumped supplies from the
pipeline, supplying into the Barossa trunk main for

northern metropolitan demand.

Barossa reservoir in the South Para subsystem also
supplies water into the Barossa trunk main
distribution pipeline. Hence the problem exists of
what fraction of the demand in this region is
supplied by each subsystem. The philosophy used in
the model concerning the division of demand between
the reservoirs results from the consideration of
the economic cost of water within each subsystem.
The South Para subsystem can make more efficient
use of natural inflow than Little Para due to its
large storage and catchment area, and so the water
it supplies is cheaper, because less pumping is

required to augment inflow.
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Hence the supply for the consumption in the shared
demand zones is first taken from the South Para
subsystem up to the limit of the Barossa trunk main

capacity. Thereafter Little Para supplies any

remaining deficit.

A second reason for this decision rule is the

previously mentioned lack of an operating strategy

for Little Para.

It should be noted, however, that this decision
rule is consistent with the present method of using
Little Para's storage. To date, Little Para
reservoir has been used only during months when
high demands predominate; nominally from November
to March. It is during such periods that the
Barossa trunk main is potentially utilised to its
full capacity, requiring some augmentation from
other sources than the South Para subsystem.

Service Reservoirs

The Onkaparinga, Torrens and South Para subsystems
include storages in a specific configuration as shown

in table 5.2.

In each case a reservoir with a large storage
capacity and large catchment is upstream of a small
storage, negligible catchment reservoir supplying
directly to demand. The small reservoir is known as

a "service reservoir". It is kept in a near full
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SUBSYSTEM DOWNSTREAM UPSTREAM
RESERVOIR RESERVOIR
ONKAPARINGA Happy Valley Mount Bold
12 700 Megalitre 47 300 Megalitre
TORRENS Hope Valley Kangaroo Creek
3 470 Megalitre 24 400 Megalitre
SOUTH PARA Barossa South para
4 510 Megalitre 51 300 Megalitre
Table 5.2 Service Reservoir Configuration

condition throughout the year for either or both of

two reasons:

l. The operating head in the water treatment works at

the outlet to the service reservoir is dependent

on a high level in the reservoir.

2. The supply pressure in the demand area is directly

dependent on the level in the service reservoir to

maintain the required head for consumption.

Operationally, with no inflow of its own, a service

reservoir is fed from the upstream storage to keep

the desired level.

Thus a service reservoir is

primarily a balancing storage for the demand zone.
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The prescribed storage levels are maintained quite
strictly, and any variation in storage is not

significant over a monthly time interval.
In the model the storage levels of the three service
reservoirs are rigidly set at the predefined

amounts. They cannot be modified by the operator.

Pumped Supply

The three pump stations which supply water to the
subsystem reservoirs and directly into demand zones
may be operated in a number of different
time-dependent modes. This choice of available pump
operations in real life is naturally directly related
to the cost of operation which is set by the
Electricity Trust of South Australia (E.T.S.A.)
through its time-dependent power tariffs. Different
tariff rates apply to the electricity used depending
on the time of day and the associated electrical

demand in the metropolitan E.T.S.A. grid.

There are nominally three separate cost rates. The
"off-peak" rate, which is the cheapest, occurs
overnight. Next in order of increasing cost is the
"on-peak" rate which applies during the majority of
daylight hours. Finally the greatest cost is
associated with the "special on-peak" tariff which
operates during the morning and evening peak
electrical load demand periods. The tariffs are also

dependent on the type of day, that is, a week day



71.
(Monday to Friday) or a weekend day (Saturday or
Sunday) since the on-peak rate does not operate over

weekends (table 5.3).

The amount and mode of pumping from each pump station
is usually revised on a daily or weekly basis to
ensure that pumping rates are well matched to system
requirements and excesses are avoided. Such a short
revision interval cannot be duplicated on the
computer model due to the use of a monthly time
interval between cycles (Chaper 6, Section 6.3). To
allow some latitude concerning within-month pumping,
the model does allow weekly increments of operation
to be specified. The alternative time interval for
operation of pumps, rather than from one week to the
whole month, is "intermittent" usage. This
corresponds to a rate of pumping which keeps pace
only with direct pipeline offtakes and no transfers

are supplied to the reservoirs.

The direct pipeline offtakes are the small townships
along each pipeline which rely on the pumped supply
for their existence. It is due to their need that
neither Murray Bridge nor Mannum pumping is ever
completely shut off and their demands in the summer
months can reduce available pipeline capacity
significantly. The Mannum supply to the Anstey Hill
Water Treatment Plant (fig. 5.5) is an extreme
example of a pipeline offtake. 1In past summers with
heavy demands, the Mannum pump station supply rate

has managed to match the Anstey Hill demand, but left



TIMES TOTAL HOURS
RATE

WEEK DAY WEEK END DAY WEEK DAY WEEK END DAY
Off Peak 2315 0100 L

- 0730 | - 2300 o3 £

0930
On Peak - 2315 13# -
Special 0730 2300 2 2
On Peak - 0930 - 0100

24 24

TABLE 5.3 Typical time dependencies of E.T.S.A.

electricity tarrif rates.
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no spare capacity for transfers to reservoirs in the

Torrens subsystem.

While some of the previous factors can be considered
as general in nature and apply to all the pump

stations, each installation is different.

Murray Bridge and Swan Reach pumping stations each
house three pump sets and the Mannum station four
pumps, however the Swan Reach station operates only
in off-peak and on-peak modes due to a different form
of electricity tariff rating defined by E.T.S.A.,
based on changing costs as the volume pumped
increases (table 5.4). The Swan Reach pumping
station has the smallest capacity of the three and
this combined with the rating system previously
mentioned makes it the most costly to operate (table
5.5). This is also the reason why the intermittent
pumping for Swan Reach in the model is zero, since
usually the attempt is made to regularly supply most
of the pipeline offtakes from the Warren subsystem

rather than Swan Reach.

Mannum and Swan Reach pump stations have the
additional capability of supplying to more than one
subsystem (table 5.6). Mannum may supply not only
the Torrens subsystem but also Little Para subsystem
and a fixed offtake (425 Megalitres/month) to the
Warren subsystems. Swan Reach may supply to both
Warren and South Para subsystem. Such flexibility

has required the inclusion of selective "PUMP" and



PERIOD QUANTITY TARIFF
off peak first 1| 000 000 kWh 2.96 ¢/kWh
per month
all additional 2.09 ¢/kWh
consumption
on peak all consumption 3.55 ¢/kWh
(a) Typical tariffs for electricity usage

PERIOD TIMES TOTAL HOURS
WEEK DAY WEEK END DAY WEEK DAY WEEK END DAY
2 015 0 730 i
off peak| _ 0730 = 0730 11% 24
on peak 9 ;3815 = 12% B
(b) Times for off peak and on peak tarrifs.
TABLES 5.4 Swan Reach pumping data




MAXIMUM WEEKLY COST
PUMPSTATION CAPACITY M .
(Megaliltres) (cents/kilolitre)
Murray Bridge 3 486 3.13
Mannum 2 611 3.48
Swan Reach 490 4.64

TABLE 5.5

Comparison of maximum pumping rates
and their associated costs.
(24 hours pumping, all pumps)




. RECEIVING
PUMPSTATION SUBSYSTEM

Mannum Torrens
Little Para
Warren

Swan Reach Warren
South Para

TABLE 5.6 PUMPSTATIONS WITH MORE THAN
ONE SUPPLY DEPENDENCY
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"NO PUMP" options in the program so that the
subsystem to receive the pumped transfer may be

specified by the operator.
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CHAPTER 6

MODEL DESCRIPTION - GENERAL

This chapter introduces the detailed consideration of
the model and its various facets. It is the first of
five chapters dealing with different aspects of the
whole model. It outlines general considerations for
model control, calculation, data, economics, and

explains some fundamental aspects of the whole model.

Model Perspective

The simulation model consists of a total of twenty
subroutines of varying length. It proved to be
necessary to overlay the subroutines to avoid
excessive memory requirements and thereby
conveniently fit into the 32 K memory available for
use. A detailed description of the computing

aspects of the model will be found in Chapter 9.

The purpose of the computer model is not to
investigate the water supply in detail, but rather
to be a instrument which can be used to follow the
decision processes of an operator through several
years of simulated system operation. As a result of
this particular emphasis there are certain aspects
included in the model which might not normally be
considered for the examination of a water supply
system alone. Such characteristics include a

totally interactive facility, full graphical output
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on a DEC-graphics terminal, and the calculation and
storage of performance criteria based on the

operators' decisions at each step of the simulation.

As the basic foundation of the program, a simulation
model of the Adelaide metropolitan headworks system
was designed and implemented. Detailed modelling is
included only to that level which is of significance
over a one month time interval., It is important to
ensure that the operator has a similar degree of
control over the simulation model as is available in
the actual system operating in real time, and that
the controls simulate those which are familiar.

This was accomplished by structuring the model
interactively and using computer graphics with
lightpen and keyboard facilities. These
considerations are designed to help the operator use
the model without changing any usual habits of
operation. In addition, the availability of
computer graphics enables a suitable graphical
substitute to be made for the data normally received
by the operator in the real life situation. As a
result the operators' personal "operations feel"
associated with system management can be brought
into play to help in choosing reasonable strategies
for the more efficient and realistic operation of

the system model.

A photograph of the visual display unit showing the
Torrens Subsystem diagram as used in the research is

given as figure 6.1.
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An option of particular importance supplied to the
operator by the model is the ability to investigate
any strategy for a given month without being
committed to that mode of operation. This is
designed to enhance decision-making by enabling a
suitable choice to be made from a series of quick

preliminary "experiments" with different strategies.

In order to gauge the efficiency and effectiveness
of program operation, various performance indices
are calculated during the simulation, based on the
progressive effects of the operational policy.

These also provide an indicator of the philosophy of

the operator on system usage.

Computing Requirements

The computer on which the program has been developed
and fiﬁally used is a Digital Equipment Corporation
PDP 11/34 with 126K of core memory, RSX.1l1M
operating executive (version 3.2) and an RKO5 disc

storage facility.

The computer graphics is controlled by a second

PDP 11/34 linked to the main computer, but dedicated
to the graphics terminal, a type VT-11l. This
computer configuration is known as a
"Host-Satellite" system. The main program resides
in the main PDP 11/34 processor (host computer) and
when required sends data messages via a moderate

speed serial data link to the second processor
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(satellite computer) which is waiting to receive the

information.

A second much smaller program task is executing in
the satellite and processes the information supplied
by the host, changing elements on the screen and

storing data from the screen accordingly.

For this particular interactive application, the
program used in the satellite computer is written
specifically to reduce the response time for graphic
attention handling, since the waiting period is
unacceptably slow when lightpen interactions are

processed in the host computer.

The simulation program is written in Fortran IV Plus
and the graphics images are built using the Digital
Corporation high level graphics language

DEC-Graphic 11. (ref. 2).

The characteristics of the computer prevent a task
accessing more than 32K of memory and so the program
has been built as an overlaid task. This has been

accomplished through the use of modular subroutines.

Choice of time interval

The amount of detail included in a simulation model
of a water supply system is highly dependent on the
time interval used for the increment of simulation.

A time step of one month was chosen for the
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following reasons:

l.

The operators of the real system use a monthly
interval in determining and updating the system
strategy. It was desired to use the time

interval with which they are familiar.

A fully interactive program requires the operator
to make decisions at the end of each time
interval. Shorter time intervals would have
protracted the amount of time required to
complete any simulation period. This may have
produced fatigue, boredom and/or frustration in
the operator. It turns out that a one month time
step allows one year's simulation to be modelled

in about 50 minutes of concentrated effort.

Data on a monthly summary basis is readily
available as a result of the previous system
investigation (ref. 1). Data for shorter time
intervals is not only more difficult to obtain in

usable form but also less reliable.

The interest of the research lies primarily in
the examination of the operation of the major
storages over several years of simulated demand
and inflow. Using time intervals of less than
one month, such minor effects as changes in
pipeline storage, changing levels in balancing
tanks and general "noise" within the system

become significant in the modelling process, and
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a more highly detailed, and hence slower and more
expensive simulation is the result. Over a
monthly interval most if not all these operating
fluctuations balance themselves out and the model
can be simplified correspondingly, with an

attendant increase in speed of execution and

economy.

The Annual Cycle

To facilitate the consideration of realistic
economic activity on the basis of the financial
year, which is the time base around which the real
system operation is moulded, the model progresses in
monthly increments from July to June of successive
years. Of course the interactive capability of the
model allows simulations to start at any month
chosen, however it should be noted that the
simulation will stop in June of the final year, not
in December. This is convenient since mid-year
corresponds to the winter season, so that the model
is not terminating in summer, when high demands and
low inflows make system operation more taxing on the

operator and hence more interesting analytically.

Time required for Simulation

The time required to complete one annual cycle of
simulation is highly dependent on the ability or
willingness of the operator to make decisions

rapidly as opposed to slow deliberation. The
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potential speed of decision making supplied by the
model can prove to be a shock to the operator,
albeit only initially. It may require some
readjustment in thinking patterns since operating
decisions in "real life" system control can normally
be made over an extended period of time - several

days or a week.

On the present installation a period of 50 minutes
per year of simulation is common. Implementation on
a faster computer could reduce this time through
smaller response times for commands. However, due
to the availability of hard copy output at the end
of each simulation session, an extended period of
time may be simulated over several sessions, the
output from the previous session providing the

starting data for the next.

Operator Interaction

To avoid a lengthy familiarisation phase, an
interactive model requires the minimum of commands
to be learned by the operator. Each programmed
command must be clear and unambiguous. A further,
sometimes contradictory requirement is that these
controls should be sufficiently powerful to perform
the desired operations with little or no additional

user input.

The accent in the model's interaction with the user

rests with the use of a lightpen, since few
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operators are likely to be adept at the rapid use of
a computer terminal keyboard. The lightpen is a
pen-like device which, when pointed at sensitised
areas of the display screen, will interrupt the
program execution to enable user-written control
subroutines to manipulate the display. These
sensitised items (words or symbols), known as
lightbuttons, function as on-off switches in the

program,

Such simple switching, while avoiding complex
interaction, poses some problems in fulfilling the
requirements mentioned before. Fortunately the
level of control to operate the model can be reduced

to a limited set of simple on-off commands.

The facility to test run trial monthly operations of
the system and see the results is the key feature
which governed the design of the list of
lightbuttons. Without the ability to experiment
rapidly with a variety of alternative management
strategies, the operator is in no position to decide
on a best solution to his current system control
problem. Hence the necessity for two modes of model
function is immediately obvious, one for
experimentation and another for tagging the final
choice of operation. This need gave rise to both

the "PREVIEW" and "ACCEPT" lightbuttons.

"PREVIEW" allows the operator to see the result of

his proposed strategy on the current operation of
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the system at the end of the present month, given
average data for calculation. "ACCEPT" informs the
model that the operating strategy as shown on the
display screen is the mode to be implemented for the

present month interval.

Two further controls were considered necessary for
the effective use of the model. The "CHECK"
lightbutton allows the user to check the condition
of other inter-connected subsystems before
committing himself to a decision. The "REVERT"
lightbutton returns the state of the subsystem on
the display screen to that occurring at the start of
the month, so that the incremental change in
subsystem storage may be seen. This has been
included, since after a series of experiments it is
easy to lose track of the subsystem's starting

conditions.

The remaining lightbuttons on the screen, used to
choose the subsystem, set up pumping configurations,
or set the flows between subsystems are simply
"picks". That is, their on-off states do not
control the simulation but rather fix the model

operation in one of a number of alternatives.

Data influence on Calculation

As discussed in the previous section, the facility
of an experimentation mode (PREVIEW), to test

potential strategies, requires a separate set of
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data files of an average nature, to indicate the
likely outcome of the operations, without revealing
the secrets of the "real" stochastic data used in

"ACCEPT" mode.

Average inflow data is available only on a total
subsystem basis, in that it is given as a single
total inflow to the subsystem with no indication of
its spatial distribution. On the other hand,
stochastic data for inflow is available as generated

values for each individual storage.

Of the stochastic data sets available it was decided
to use one with average characteristics. This
investigation is aimed at exploring the operators'
ability under normal conditions, and an average data

file still supplies ample variability for the study.

The difference in the level of detail between the
average and stochastic data sets results in
different degrees of accuracy when each set is used
for calculations. The individual treatment of
storages in the stochastic data allows a check to be
made on the new storage volume of a reservoir to
ensure that it does not obtain more water than its
inflow and transfers supply to it. Such a check

cannot be made when using the average data.

This problem is currently only relevant to the
Torrens subsystem which has three storages, but is

not appreciable under the normal range of operating
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conditions. In "PREVIEW" mode, Millbrook reservoir
may be programmed to obtain a higher storage, and
hence Kangaroo Creek receives a lower storage, than
may actually occur. This is not considered to be a
serious problem since both reservoirs are dependent
for some inflow on the same catchment area above
Gumeracha Weir (fig. 5.4), and so their storage
changes are interdependent. The discrepancy is

rectified immediately when stochastic data is used.

Hydraulic Accuracy

Due to the choice of a monthly time step, the
instantaneous dynamic hydraulic equations for flow
and head-loss could not be used in the model. For
these equations to be relevant, modelling intervals
of minutes or hours would be required in the peak
periods. In view of this limitation, monthly
capacities for pipelines, transfers and offtakes are

used to limit the system flows.

To allow for peak demand periods within a month,
when demands could, for a short while, be greater
than the supply capacity, the nominal monthly
capacity of certain pipelines within the system are
reduced during the summer months (October to

April). These pipelines are the Myponga trunk main,
Barossa trunk main and the Anstey Hill section of
the Mannum-Adelaide pipeline. This procedure is in
accordance with the water resources study (section

6.3.5, ref. 1).
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Hydraulically calculated spill was also considered
as a possible option to be included in the model,

but several factors discouraged this:

1. Inflows, as monthly totals, give no indication of
their time of occurrence within the month or the
rate of inflow relative to demand. Thus the best
approximation of spill is simply an aggregate

total spill for each month.

2. Spill rates on some of the reservoirs can be
controlled over a wide range of flows using
radial gates on the spillways. Therefore there

is no constant rate of spill.

3. Data on all the spillways in the system are not

readily available.

As a result, the spill is calculated simply as that
storage which exceeds the maximum storage of the

reservoir after demands and transfers are satisfied.

When subsystems (Warren and South Para), or storages
within a subsystem (Millbrook, Gumeracha, Kangaroo
Creek) are in series along a single watercourse,
spill from an upstream storage can be used by the
next storage downstream. However, spill from
storages with a weir and/or service reservoir
downstream is considered as waste, since the
operating rule for the service reservoir has already

ensured that it contains sufficient water, so the
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weir allows the spill to be lost out of the
subsystem. Hence the concept of "subsystem spill"
rather than reservoir spill is used. This is
calculated as the excess water in a subsystem which
cannot be used by any downstream storage within the

subsystem.

At the opposite extreme, deficits are assumed to
occur when one reservoir in a subsystem runs dry.
Service reservoirs cannot be drawn down to prevent
deficits occurring since their operating rules are
at present considered fixed. The simulation
continues in spite of an empty reservior and the
deficit and its duration are noted until inflows
and/or transfers are supplied to bring the empty

storage back into effective operation once more.

At present there is no means to include consumer
restrictions as an alternative to recording a

deficit. This is a highly subjective matter and
needs a separate investigation of its own before
being realistically included and considered as a

quantifiable economic factor.

Inclusion of Economic Criteria

Including some form of economic assessment of system
operation in the program is mandatory not only as a
measure of the efficiency of operation, but also as
a guide for the operator as to how effectively the

chosen strategy is performing. This is a real life
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constraint of particular importance in defining the
best path through the "grey area" of water
management between the extremes of spill and deficit

in any subsystem.

While the inclusion of a comprehensive economic
analysis is certainly not beyond the available
computing capability, discussions with personel
familiar with the real system operation indicated

that such an analysis would be of no advantage.

The costs associated with amortisation of capital
investment, and the cost of operation and
maintenance continue independent of high or low
demand conditions. The result of this is that the
segment of the total water budget which causes any
appreciable variation in cost is the highly variable

cost of pumping water from the River Murray.

Data for the variable unit cost of pumping water at
each pump station are provided, so that the monthly
pumping strategy for all pump stations can be

costed, and the overall cost per kilolitre supplied

for the month, displayed to the operator.

Without the inclusion of economic assessment, the
subsystems can be operated without a great deal of
difficulty, since in most subsystems pumping may be
used at any time, regardless of cost to avoid supply
problems. However, an economical strategy and

efficient operation can only be formulated with some
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economic feedback from the model to the operator.
The display of a calculated unit cost of supply

provides that feedback.

6.10 Model Assumptions

As implied in chapter 2 there is rarely a
combination of real life system and modelling
technique for which at least a few simplifications
need not be made. The Adelaide metropolitan
reservoir system is moderately complex in its form
and interaction, and an adequate model of its
functions can be constructed only with appropriate

assumptions and simplifications.

The reasons for using a one-month time increment in
the model have already been outlined in this
chapter, and several assumptions are required as a
direct result of that decision. 1Included in this
section are the assumptions which may not become
apparent in the discussion of the program, but are

fundamental to its design and methodology.
1. All system elements which vary over a time
interval smaller than one month are considered

insignificant.

2. Unaccounted losses within a subsystem are assumed

to be insignificant on a monthly interval.

e.g. seepage loss from storages



94.
losses in transfers along water courses

leakage in pipelines

3. Transient lag times of flow between reservoirs,

7.

in pipelines or down stream beds are not

significant in the monthly time step.

Certain nominal monthly pipeline supply
capacities are factored down to allow for the
real life situation of within-month peak demands
exceeding pipeline capacity during the months
October to March. The pipelines are the Myponga
trunk main, the Barossa trunk main and the final
section of the Mannum-Adelaide pipeline to Anstey
Hill water treatment plant. The factor used is

0.68 (Ref. 1: section 6.3.5).

The storage assigned to each reservoir is the
maximum usable volume of the particular
reservoir. No restrictions on minimum storage

levels are made.

Individual reservoir spill is calculated as the
excess storage above maximum storage of the
reservoir remaining after all demand on the
storage has been satisfied. Total subsystem
spill is based on the excess water within the
subsystem not taken by any downstream storage in

the subsystem.

A deficit in supply is recorded when a reservoir
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in a subsystem empties before all subsystem

demand is satisfied.

Evaporation loss from a reservoir is based on
standard storage vs evaporation curves for each

month of the vyear.

The model uses the financial year, July to June,
as the annual simulation cycle. A simulation

period may start in any month, but will always

finish at the end of June.

10. Two weirs, Clarendon and Gumeracha, are included

in the model. They are allowed to contribute
their catchment inflows to other storages in the
particular subsystems, but are assumed to hold
no significant storage of their own. They also

have no evaporation losses.
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CHAPTER 7

Model Operation and Control

In this chapter the various aspects of model
calculation and operation are noted and discussed.
It is not intended to provide a detailed description
of all subroutine operations, since each subroutine
is well endowed with comments to describe its
successive operations and needs no further

explanation., These subroutines are outlined in some

detail in Chapter 9.

However, the general procedures used in the model

which may not be clear from reading through

subroutine listings are included, as are the system

controls and indices.

The Host - Satellite Configuration

An important feature of the model is that its
control is divided between two interconnected
computers (see Section 6.2). While the main body
of the model's control and logic resides in the
host computer, the libraries of graphic functions
for creating images on the display screen are
resident in the satellite computer. Under normal
conditions it is adequate for any program executing
in the host simply to call up the appropriate
picture elements from the satellite libraries to
form screen images. However when feedback from the

display screen to the host program is required, an
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additional feature of the overall computer system

becomes significant.

The particular installation used for this model is
a time-sharing system which means that several
tasks can be serviced at the same time. That is,
the main processor is not dedicated to the
completion of one program at a time, but swaps jobs
in and out of central memory at appropriate
intervals, so that a number of different jobs may
execute. This system is highly satisfactory for
batch mode tasks in which the executive control
system of the computer remains autonomous. However
the problem arises with lightpen-interactive tasks
that the main program may be swapped out of central
memory while waiting for the operator to make the
next lightpen move. From the operator's viewpoint
this situation presents itself as an unacceptably
long wait for acknowledgement of the lightpen
command, until internally the main program is

swapped back into memory to continue executing.

To avoid this situation a program may be written
for the satellite processor to register and accept
the lightpen commands. Being independent of the
host processor executive, there is no danger of the
satellite program being halted or delayed while
other tasks take their allotted place. The result
is a vastly superior response time for the operator

and due to the instantaneous "handshake" between
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satellite and host, a more efficient use of host

computer processor time.

System Balancing - Subsystem Considerations

At the end of each monthly cycle, where all
subsystem operations have been set by the operator
and indicated to the model through the ACCEPT
lightbutton, the model must use the prescribed
subsystem strategies in conjunction with stochastic
inflow and demand data to calculate the actual
system response for the starting point to the next
month. Due to the interactive nature of the model,
a minimum "off-line" time, while the calculations
are performed, is required. This naturally implies
an avoidance of iterative procedures in favour of
direct sequential processes wherever possible.

Thus while the operator may chose any subsystem for
investigation with the lightpen, the order in which
subsystems are considered when the whole system is
being balanced independently of the operator

becomes significant.

Three subsystems - Myponga, Torrens and Warren -
are capable of supplying transfers to other
subsystems. 1In addition, South Para and Little
Para subsystems both supply to a common demand zone
and so the supply fraction of one subsystem must be
determined before the demand on the other can be
calculated. It is advantageous to consider such

subsystems first, to confirm that the conditions
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for the requested transfer are satisfied and to
avoid modifying the receiving subsystem storages if
incoming transfers cannot be supplied. Table 7.1
indicates the main subsystem interconnections and
dependencies. These considerations result in a
clear, sequential order of subsystem calculation to
ensure that iterative calculation is avoided.
Table 7.2 shows the order in which the subsystems
are placed to effect this desired calculation

management.

Avoidance of iteration in the model calculation
allows the adoption of a straightforward control

doctrine.

INTERCONNECTIONS -

FROM: TO:
Myponga Onkaparinga
Torrens (Little Para

(Anstey Hill Water Treatment Plant

Warren South Para

South Para )

Little Para ) common demand zones

Table 7.1 Subsystem links and their supply

directions included in the model.
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SUBSYSTEM CALCULATION
ORDER
Myponga i
Onkaparinga 2
Torrens 3
Warren 4
South Para 5
Little Para 6

Table 7.2 Calculation order for subsystems in the

model.

Since the level of operator interaction does not
involve massive upheavals in program control but
rather an interruption of the cycle before
permitting it to continue, this potential trouble
spot in system control is easily included in the
monthly cycle along the same lines as the other

stand-alone elements.

System Indexing

It has been shown in the previous section that
certain subsystems require consideration before
others. From this realistion it is a natural
progression to number the subsystems according to
their position in the calculation queue so that
cycling through system calculation is a simple

matter.
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Similarly, the storages require an index for their’
reference not only within each subsystem but also
on a total system basis. Numbering is set up in a
downstream order in each subsystem commencing with

the first subsystem (Myponga).

Pumpstations are also numbered simply according to

their relative subsystem position.

These indices are used throughout the model for all
arrays which concern the system elements. A

summary is given in Table 7.3.

Subsystem Calculation

Irrespective of the mode of model operation, or
whether calculating for the current month or future
predictions, the same calculation routine is used

throughout, modified only by data requirements.

The division of the whole system into sets of
storages using the subsystem principle (Chapter 5,
Section 5.2) somewhat supercedes the significance
of storages operating individually to supply
demand, in favour of the subsystem as the basic
unit of supply. Nevertheless calculation is
required on both the subsystem level and individual
storage level of detail. For example, demand is
defined in terms of demand zones supplied by a

subsystem, but inflow and evaporation (and some
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SUBSYSTEM SUBSYSTEM SUBSYSTEM RESERVOIR
INDEX STORAGES INDEX

Myponga 1l Myponga 1

Onkaparinga 2 Mount Bold 2
Clarendon 3
Happy Valley 4

Torrens 3 Gumer acha 5
Millbrook 6
Kangaroo Creek 7
Hope Valley 8

Warren 4 Warren 9

South Para 5 South Para 10
Barossa 11

Little Para 6 Little Para 12

PUMP STATION INDEX

Murray Bridge 1

Mannum 2

Swan Reach 3

Table 7.3

System elements and associated indices.
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transfers) are considered in terms of individual

reservoirs.

Basic Calculation Methodology

All storage calculations and adjustments are

based on the general water balance equation:

S(t+l) = S(t) + I(t) + P(t) +Ti(t) - D(t) - To(t)

- E(t)

where §S(t+l)

subsystem storage at the start of

time interval (t+1)

S(t) = subsystem storage at the start of
time interval t

I(t) = natural inflow during time
interval t

P(t) = net effective pumping into
subsystem

= (total pumping)- (other

transfers)-(pipeline offtakes)

Ti(t) = transfers into subsystem in time t

D(t) = demand during time interval t,
from demand zones associated with
the subsystem

To(t) = transfers out of subsystem in
time t

E(t) = evaporation from storage during

time interval t
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Elements in this equation are now discussed in

the order of calculation within the model,.

Evaporation E(t):

From the appropriate set of evaporation
tables (see Chapter 10), the evaporation
corresponding to the starting volume of the
reservoir is interpolated linearly for the
month. This value is not removed

immediately, but added to the demand value.

No evaporation is taken from weirs since they
are assumed to hold no significant storage

(Chapter 6, Section 6.10).

Inflow, I(t):

Natural inflow is provided as either total
subsystem data or stochastic values for
individual storages (Chapter 6,

Section 6.7). In "PREVIEW" mode total
subsystem inflow is added to the total
subsystem storage to obtain a final gross
total, whereas "ACCEPT" mode adds individual
inflows to storages before summation to a

total subsystem storage figure.

(a) A Note on Weirs:

The two weirs in the model contribute to

the natural infow of their respective

subsystems only in "ACCEPT" mode when
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they are assigned inflow. Augmentation
of subsystem storage occurs with the
transfer of their inflow, as much as

possible, to the connected reservoir,

The method used to establish the amount
of transfer has been provided by the
water resources study (Ref. 1,

Section 4.3.2). It can be appreciated
that while the transfer tunnels between
weir and reservoir have a peak
instantaneous flow capacity, if inflow
to the weir catchment occurs at a rate
greater than the tunnel capacity, there
will be some spillage of water to
waste. Thus a limit on the available
monthly transfer with respect to monthly

inflow is required.

This has been modelled by using
empiracle transfer function curves based
on historical flows at Gumeracha weir.
Their form is quite simple and using
straight line approximations the volume
transferable is easily determined, with
any remaining inflow not transferred

being spilled downstream.

With reference to figure 7.1, the points
A and B are stored in the model

according to their co-ordinates. Given



total monthly
instantaneous capacity

VOLUME
TRANSFERRED

all inflow (____ A

transferred

INFLOW
__>

Weir natural inflow beyond which' the
total within-month volume is not transferred

FIGURE 7.1 TYPICAL WEIR TRANSFER FUNCTION
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the weir inflow, a straight line
interpolation is made to determine the

potential transfer volume.

Spill from Clarendon weir is added to
the Onkaparinga subsystem spill, however
spill from Gumeracha weir is taken by
Kangaroo Creek reservoir, directly
downstream, and so does not affect total

subsystem spill.

Incoming transfers, Ti(t):

Incoming transfers, namely Myponga supplying
to the Onkaparinga subsystem, or Warren
(spill) supplying to South Para, are added
directly to the total subsystem storage.
Checks for the correctness and size of the
transfer are not required since they have

already been made in the supplying subsystem.

Pumped transfers, P(t):
When the operator makes a request for a
pumped transfer to a subsystem, a series of

calculations occurs.

Firstly, using the pumping data for the
associated pumpstation, the total quantity of
pumping is calculated from the existing
pumping configuration. Demands of sundry
offtakes along the pipeline are then removed

from the total pumped, as are any previously
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specified offtakes such as the Little Para
transfer from Mannum pumping and South Para
transfer from Swan Reach pumping. The
remaining net pumping is available as the
transfer into the subsystem. This is added

to the summed subsystem storage.

Demands, D(t):

The accumulated demands of the subsystem
demand zones and subsystem evaporation are
removed from the total subsystem storage as
a single value irrespective of the result
being positive or negative. Shared demand
zones are facilitated by splitting up the
monthly demands between subsystems at the
time of data assignment, i.e. South Para and

Little Para demands.

Transfers out of the subsystem, To(t):
Transfers out of a subsystem are possible
from the Myponga subsystem (Myponga to
Onkaparinga), from the Torrens subsystem
(Millbrook to Mannum-Adelaide pipeline) and
from Warren subsystem to South Para. These
operator-specified amounts are subject to

two constraints.

(i) there is sufficient volume in the
subsystem to supply the transfer given
the already set operating rules for

some reservoirs.
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(ii) there is sufficient capacity in the
supplying pipeline to transfer the

requested amount.

If either of these conditions are not met, a

reduced or non-existent transfer occurs.

Subsystem Decomposition

After the total subsystem demand is removed from
the subsystem, a net subsystem storage remains to

be divided among several reservoirs.

The fixed storages of the service reservoirs are
first removed, as also is Millbrook's specified
storage (Torrens Subsystem), leaving a volume
from which transfers and the remaining storage
must be defined. At this stage, if the total
storage value is negative, without augmentation
from an upstream storage (Torrens Subsystem
only), then a deficit equal to the negative
storage is recorded, no transfers are supplied
and the remaining subsystem storage is zero. If
the total is positive, then requested transfers
are supplied either until the storage runs out or
they are fully discharged. If storage still
remains positive after removal of transfers, then
this final increment is assigned to the remaining

reservoir in the subsystem.
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In the event that more water is available than

can be taken by the subsystem, then the excess is

spilled from the subsystem and is defined as the

subsystem spill.

Torrens Subsystem

The Torrens subsystem requires special

explanation due to the operation of Millbrook

reservoir as a supply route to the Anstey Hill

Water Treatment Plant.

(1)

Millbrook reservoir as a subsystem element.

While an increase in storage may be
specified by the operator for Millbrook
reservoir, it cannot obtain a greater
storage increase then that supplied by the
combination of its natural inflow and pumped

transfers,

If a greater storage than possible is
specified, the reservoir takes the value of
its maximum available storage only.
Conversely, if more inflow is available than
is required to obtain the desired storage,
any excess is immediately taken by Kangaroo

Creek reservoir downstream.,
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(ii) Millbrook reservoir supplying to pipeline

and plant.

The monthly subsystem inflow total used in
"PREVIEW" mode is assumed to occur only
above Millbrook reservoir and Gumeracha
weir. This allows the option for the use of
virtually all the subsystem inflow through
Millbrook reservoir., This assumption is
consistent with the operation of the real
system for which an estimate of more than
80% of subsystem natural inflow occurs above

Millbrook reservoir and Gumeracha weir.

(a) "PREVIEW" mode:
Since all inflow is assumed to be
available to Millbrook reservoir,
then the excess volume not used to
ensure compliance with the operator
specified storage is available to

supply the pipeline: 1i.e.

EXSMIL = S(IMON,6)-S(NXTMON,6)

where S(IMON,6) = storage in
Millbrook at
start of month

IMON
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S (NXMON,6) = storage in
Millbrook desired
at start of month
NXTMON = IMON + 1

EXSMIL = net excess

storage in
Millbrook after
satisfying new

storage level

then after inflow is added to the

summed subsystem storages -

AVAIL = SUMSTR-ASTOR

where SUMSTR

]

total subsystem
storage after
inflow is added

ASTOR

total subsystem
storage allowing
for the change in
Millbrook storage
but without inflow

AVAIL the available

supply from
Millbrook to

Anstey Hill

(b) "ACCEPT" mode
The volume available depends on the

inflow to Millbrook:
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DEMMIL = S1-S2+STOINF+TRNSF1-EV

where DEMMIL demand which can be

supplied by Millbrook

reservoir

Sl = initial storage for
the month

S2 = new operator specified

storage

STOINF stochastic inflow to

Millbrook

TRNSF1 total of pumped
transfer and transfer
from Gumeracha weir to
Millbrook

EV = evaporation from

Millbrook reservoir

The demand on Anstey Hill is reduced
only if the potential supply (AVAIL or
DEMMIL) is positive. Thus if a
sufficiently large new storage is
requested for Millbrook, or little

inflow is received, no supply may occur.

If the supply from Millbrook is greater
than the demand of Anstey Hill a
reduction is made in the supply to
match the demand. This results in the
excess supply being ultimately assigned

to Kangaroo Creek reservoir instead of
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being held in Millbrook reservoir.

(iii) Millbrook reservoir used to bypass gravity

section of pipeline.

Millbrook reservoir is used as a bypass of
the gravity section of the Mannum-Adelaide
pipeline if the Little Para transfer and
Anstey Hill demand combine to exceed the

gravity feed capacity.

If this is the case, the excess to be

shunted through Millbrook is defined:

XSDEM = PIPOFT+TRAN-CAPSUM

where XSDEM

volume supplied from

Millbrook
PIPOFT = Anstey Hill pipeline demand
TRAN = Little Para transfer
CAPSUM = capacity of the gravity

section of the
Mannum-Adelaide pipeline
between summit storage and

Millbrook tanks

This excess to be supplied through Millbrook
is defined as a transfer into Millbrook
reservoir and is added to the existing (if

any) current transfers out from that storage.
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Operation of Pumped Supply

There are two modes of operation of Mannum and
Murray Bridge pumpstations due to their

responsibility for several pipeline offtakes.

The first mode of operation is also used by Swan
Reach pumpstation exclusively. When a pumped
transfer is requested by the operator, the number
of pumps to be used, and their control strategy
must be set - for example: 2 pumps, offpeak for
3 weeks. The pumping for such an operation is
calculated and supplied to the appropriate

subsystem.

If no pumping is required from the pumpstation or
intermittent pumping is specified, a second mode of
operation is used. Due to the presence of pipeline
offtakes along the Mannum to Adelaide and Murray
Bridge to Onkaparinga pipelines, pumping must be
maintained to supply their offtake demands. This
requires the model to iteratively check the pumping
data until a configuration is found that will
satisfy the offtakes within the month time period.
This desired setting is found by looping through
the pump combinations, starting at the off peak
rate, from one pump up to the pumpstation maximum
and then incrementing the pumping rate by one hour
and starting again until the demand is matched by
the month's pumping. The strategy so determined is
cheaper than looping the hourly pumping rates first

before incrementing the number of pumps (Fig. 7.2).



(::) LOOP THROUGH PUMPS

INCREMENT DURATION OF PUMPING

<

HO. OF PUMPS 1 2 3 4
OUTPUT Litres/Sec. 1 290 = 111 ML/D 2 410 = 208 ML/D 3 450 = 298 ML/D 4 320 = 373 ML/D
KWH/Kilolitre 1.63 1.69 1.74 1.83
PUMPING HOURS OUTPUT - ML CENTS OUTPUT - ML CENTS |OUTPUT - ML CENTS | CUTPUT - ML CENTS
PER PER PER PER
WEEK W.E. WEEK | WEEK W.E. WEEK| KILO WEEK W.E. WEEK | KILO WEEK W.E. WEEK | KILO |WEEK W.E. WEEK [KiLO
DAY DAY DAY DAY LITRE DAY LITRE LITRE LITRE
81 22 854 38 100 390 | 2.49 72 183 726 2.59 102 256 1 022 | 2.66 128 313 1 266 | 2.830
g 89 42 Y10 | 2.54 78 756 2.63 112 1072 | 2.7 140 1326 | 2.85
10 94 Lé 430 | 2.59 87 801 2.68 124 1132 2.76 156 1 406 | 2.90
1 99 51 Lgsg | 2.63 95 841 2.73 137 1197 | 2.81 171 1 481 | 2.96
12 104 56 480 | 2.67 104 886 2.77 149 1 257 | 2.85 187 1561 | 3.00
13 109 60 500 | 2.71 113 331 2.81 161 1317 | 2.89 202 1 636 | 3.04
14 114 65 525 | 2.7k 121 971 2.85 174 1 382 | 2.93 218 1 716 | 3.08
15 119 70 550 | 2.78 130 1 016 2.88 186 1 442 | 2.96 233 1791 | 3.12
16 124 74 570 | 2.81 139 1 061 2.91 139 1 507 | 2.99 249 1 871 | 3.15
17 129 79 525 | 2.83 147 1101 2.94 211 1 567 | 3.02 264 1 946 | 3.18
18 134 84 620 | 2.86 156 1 146 2.96 224 1 632 | 3.65 280 2 026 | 3.21
19 139 88 640 | 2.88 165 1 191 2.98 236 1 692 | 3.07 295 2101 | 3.23
20 144 93 665 | 2.90 174 1 236 3.01 248 1752 | 3.10 311 2 181 | 3.26
21 149 98 690 | 2.92 182 1276 3.03 256 1792 | 3.12 313 2 191 | 3.28
22 154 100 700 | 2.94 183 1 281 3.05 256 1792 | 3.14 313 2 191 | 3.30
24 24 168 1 1 777 | 3.10 208 208 1 456 3.21 298 298 2 086 | 3.30 373 373 2611 | 3.48

FIGURE

7.2

METHOD USED

BY MODEL TO DETERMINE APPROPRIATE PUMPING

STRATEGY
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This same method of pumping management is used
whenever the operator specifies too much or too

little pumping for the system,

7.6 System Parameters

Four calculations not directly required for
furthering the simultion are performed to supply

feedback to the operator and calculate parameters

for his performance.

7.6.1 Feedback

(a) Cost of Supply:
After the pumping configuration on a
pumpstation is set, cost data ($'s per
megalitre) are used to establish the pumping
bill for the month. This value is summed
with the costs from the other pumpstations
to give a total cost of pumping. This cost
is shared over the entire demand region
giving an average unit cost for the current

month which is displayed to the operator.

i.,e. COSTKL

TOTCST/TOTDEM * 10

where COSTKL

unit cost of water in cents

per kilolitre for the month

TOTCST = total cost of pumping from
all three pumpstations ($)
TOTDEM = total system demand

(megalitres)
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(b) Fraction of Demand supplied by pumps.
This is given as a percentage value. The
total pumping from all the pumpstations is
divided by the total demand of the system as
a whole. If the resulting fraction is
greater than 1, it is made equal to unity -
this is convenient for the bargraph format
in which it is displayed.
i.e. FRAC = 100 * TOTPMP/TOTDEM
where FRAC = percentage of system demand
pumped from the River Murray
TOTPMP = summation of pumping at all
three pumpstations
(megalitres)
TOTDEM = total system demand
(megalitres)
7.6.2 Operator Performance

(a)

Use of natural inflow

Inflow can be either stored in a reservoir
or used to satisfy demand. If it is stored,
the demand must be supplied from transfers.
Thus the net demand to be supplied by the
combination of reservoir storage and inflow.
is the difference between the subsystem

demand and incoming transfers. This demand
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fraction indicates how well inflow is
utilized. Thus the fraction of inflow used

for demand is given by:

inflow fraction = (DEMAND-TRANSFER)/INFLOW

(b) Use of incoming transfers

Incoming subsystem transfers may be

sufficient to supply only subsystem demands,

or large enough to augment subsystem storage

as well. The fraction of subsystem transfer

used to satisfy demand is given by:

transfer fraction = DEMAND/TRANSFER

"Preview" Mode Predictions

The forms of data used in "ACCEPT" and "PREVIEW"
modes have already been pointed out to be
different in their relation to the subsystem
(Chapter 6, Section 6.7). Of particular
importance is the type of inflow data used to
check the likely result of subsystem management
in "PREVIEW" mode. The inflow data used is that
of the 90% probability of exceedence rainfall for
the subsystem catchments. This is usually fairly
certain to be the minimum probable inflow for any
given month. It is the same probability level as

that used in the real system management for
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prediction of future months' inflows.

Calculation Cycles

From the information given so far it can be
appreciated that the model can adequately
calculate the changing subsystem storages at each
monthly interval. However the effects of
management for the current month are not quite
sufficient for the model operator. He not only
wishes to know that the system management is
satisfactory for the immediate short term
(current month) but also what critical events
(spill or deficit) are likely in the future

months of the year.

The model supplies this information in the form
of confidence limits on the end-of-year storage
for the one unregulated storage in each
subsystem. Two sets of calculation are
performed, one using inflow based on 10%
probability of exceedence and the other using 90%
probability of exceedence inflow. This gives the
range of storage which may be expected by the end
of the year. The data is in the same form as
that for "PREVIEW" mode (see Chapter 6,

Section 6.7), that is a total subsystem inflow
figure, and so the same calculation method is

used.,

These future predictions use the storage
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calculated for the end of the current month and
cycle through the subsequent months using only
their respective probable natural inflows to
augment subsystem storage. It is assumed that
the existing subsystem management strategy is
operative only for the current month in making
the predictions. This gives a better indication
of how the subsystem is likely to behave in
future rather than if the strategy is continued
through succeeding months. In the event that a
critical state develops in the predictions before
June, that is either spill or deficit, the
predictive calculation stops and the month and
type of extreme event are displayed to the

operator (Chapter 8, Section 8.5).

Hence there are three cycles of use for the

calculation routines:

1. Current month operation including all
elements of the chosen strategy -

pumped inflows, transfers, storages.

2% Use end-of-month storage with 10%
probability of exceedence inflows only to

cycle through future months up to June.

3s As for (2) with 90% probability of

exceedence inflows only.
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Control and Communication Elements

Within the suite of programs forming the body of
the model there are several arrays and variables
which require explanation for a full

under standing of the internal control and
communication processes. These elements are
responsible for adequate system control and the
associated transfer of some data among the
subroutines. Information is also transferred to
and from the satellite control program to keep it

up to date with the state of the main system.

Variables

1. IPMP or IPUMP (IPSTN)

Given as IPMP when transferring control to
the satellite control program and

IPUMP (IPSTN) when calculating the pumped
volume for pumpstation IPSTN, this variable
contains the pumping strategy of the station

under consideration.

When the operator chooses a pumping strategy

three decisions must be made:

(i) number of pumps to be used.

(ii) time of day for pumping off peak to

special on peak.



123.
(iii) monthly operating period:

intermittent to whole month.

In IPMP these values are associated with
hundreds, tens and units respectively and
stored as a single three digit number.

For example:

111 = 1 pump off peak intermittently
232 = 2 pumps special on peak for

1 week
325 = 3 pumps on peak for whole month

IPRVW

As discussed in Chapter 6 (Section 6.6) four
light buttons are provided for the control
of the simulation cycle:

CHECK, PREVIEW, ACCEPT, REVERT

IPRVW is used to indicate the mode of
operation of the model. It is passed to the
host program from the satellite control
program after appropriate lightpen

interaction.

Its values are as follows:

+1 = PREVIEW mode

e.g. Experiment with a possible

subsystem strategy.
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0 = ACCEPT mode
e.g. Satisfied with current stragety

and ready for next subsystem

1
=
]

REVERT mode
e.g. Wish to revise original condition

of the subsystem and start a new

strategy.

+10 = CHECK mode
e.g. Wish to check another subsystem
condition before making any
further modification to current

strategy.

3. ISPPLY and PSPPLY

Due to the dual role of Millbrook reservoir
(Chapter 5, Section 5.3.3), additional
variables are required to cope with its

alternative operating modes.

(a) ISPPLY is used to indicate whether
Millbrook is supplying to Anstey Hill
Water Treatment plant:

ISPPLY sign + supply to Anstey Hill

no supply to Anstey
Hill
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The additional problem of bypassing
the limited capacity section of the
Mannum-Adelaide pipeline when the
Anstey Hill demand and Little Para
transfer exceed this capacity require
a further level of control. That is,
in order to pump to the Torrens
subsystem for the period of pipeline
capacity exceedence and pump out of
Millbrook the corresponding amount
without prompting the operator (since
he has no direct knowledge of
pipeline demands) requires ISPPLY to
take different numerical values for
the times of capacity exceedence and

non-exceedence,

ISPPLY

i}
=

no capacity exceedence

10 gravity main capacity
exceeded, shunt water
through Millbrook

reservoir

(b) PSPPLY is closely related to ISPPLY

(1) When no supply from Millbrook
reservoir to the pipeline has
been requested by the operator,
PSPPLY is used to include any
Little Para transfer in the

overall pipeline demand.
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(ii) When Millbrook is already
supplying to the pipeline,
PSPPLY is the additional
pipeline supply to be obtained
through Millbrook reservoir
which cannot be attributed to

the Little Para transfer.

ITRN

This is another variable passed from the
satellite control program to the host due to
the satellite control of all lightpen
interaction. It is used to indicate whether
the operator has requested a transfer for

the current subsystem on the display screen.

ITRN

+1 transfer requested

0 no transfer requested

NCYCL

Within the model there are three modes of
cycling through storage calculations for
each month. NCYCL keeps a record of which

cycle is currently operating.

NCYCL

]
=

use data for current month

= 2 using 10% probability of
exceedence inflows cycle through
monthly storage calculations to

the end of the year
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= 3 as for NCYCL = 2 but use 90%

probability of exceedence inflows

7.9.2 Arrays

2.

ICNTRL (ISYS)

During the first cycle of model operation in
which the initial subsystem storage
predictions are calculated for each
subsystem ISYS, predictive calculations to
change the current month storage values must
be avoided since these have been supplied by

the operator.

ICNTRL is simply a flag for each subsystem
to indicate whether the initial calculations

for it have yet been completed.

ICNTRL (ISYS) +1 initial subsystem
calculations have been
performed

= 0 calculations not yet done

IRANGE (ISYS,2)

This is a data array containing the reference
numbers of the first and last storages in each
subsystem ISYS. This supplies the range of
storage indices over which subsystem ISYS has

control.
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IRANGE (ISYS,1) minimum storage number

IRANGE (ISYS,2)

maximum storage number

The following arrays are double dimensioned in
order to conveniently carry with them some
important characteristic of the storage
element they represent as well as the

associated current calculated value.

TRANSF (NRES, 2)

Since only a small number of storages can
accept inflows from pumping stations, these

need to be specially identified.

While the first element of the array holds the
current value of the pumped transfer to the

storage NRES from the appropriate pumpstation,
the second element indicates which pumpstation

is involved and the supply pipeline capacity:

TRANSFR (NRES,1) = current value of incoming

pumped transfer

TRANSF (NRES, 2) = (+ or -)A.B
sign + = transfer requested
- = transfer not required
integer A = pumpstation number

decimal: B*100000

limiting capacity of the
supply pipeline

(megalitres per month)
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NOTE: TRANSF(NRES,2) = 0 means no pumped

inflow is available to storage NRES.

STOR (NRES , 2)

This array distinguishes between reservoirs,
weirs and service reservoirs. The second
element of the array indicates the type of

storages NRES is. The first element holds its

current storage.

STOR (NRES,1)

current true storage

STOR (NRES, 2) 0 service reservoir

1l reservoir

Less than 0 weir

S (IMONTH,NRES)

Having established through STOR(NRES,2) that
NRES is indeed a service reservoir, this array
supplies the twelve fixed storages for each
service reservoir, for each month IMONTH. It
is also used by Millbrook reservoir to set up
its monthly storage based on the previous

month's value.

This array may also be used to differenciate

between service reservoirs and other storages.

i.e. S (IMONTH,NRES) = 0 then NRES not a

service reservoir
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Model Validation

Ideally, the use of historical data in the model
followed by a comparison of the computer results
with the actual storage results forms the most
useful validation procedure for such a simulation

as this.

The Engineering and Water Supply Department does
maintain records of the system operation for
reference. Inflow data (from catchment) is
recorded as a single number for each subsystem and
not as a figure for each reservoir within the
subsystem. This has apparently proven itself to be
a convenient method of recording the operation of
the whole system. However the computer simulation,
when balancing the system, regards each reservoir
within a subsystem as an individual storage with
associated inflow. Thus a validation involving
historical data would require separate inflows for

each storage.

When a decomposition of the recorded historical
inflow was attempted for both summer and winter
months in several years of data, it was found that
on an individual reservoir basis the inflows did
not balance with the other data. This is
apparently due to errors in estimated quantities
such as evaporation and inaccuracies within the
measuring equipment (which may reach 10%) which are

of particular significance during low inflows
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(mid-summer) and large inflows (mid-winter). Since
the inflow recorded is a calculated "balancing
figure", over the whole subsystem such

discrepancies do not appear on a monthly basis.

The discrepancies on the individual reservoirs are

of sufficient significance to require modification

of the historical data to remove their effect. Any
such calculation and modification would negate the

advantage of using historical data and so it was

decided to find an alternative validation method.

Simplified inflow and demand profiles for twelve
months' simulation were synthesised for each
storage and demand zone respectively, using 70%
probability of inflow exceedence values for inflow
and the deterministic demand file 1980-1981 as

guidelines.

Convenient and realistic initial storages were
chosen for the storages and the model was run

several times through the twelve months' data:

1. No pumping, no transfers
2. No pumping, transfers included
3. Pumping included, no transfer

4, Pumping and transfers included

The results were checked by hand calculation for

correct transfers, consistent pumping, total system

balance and correct costing.
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CHAPTER 8

Introduction

The key factor in interactive graphic simulation is
plainly the requirement of intermittent responses
from an operator to a computer program. Using the
visual information presented to him by the computer,
as well as his own personal experience and intuition,
such an operator makes decision which are used to

advance the computer program.

This human link in the control system disrupts the
tidy, autonomous situation in which the computer has

total control of input, calculation and output.

Thus to ensure effective man-machine communication
for efficient execution of a chosen task, human
factors involvement in the control loop must be
considered. The human factors that apply to the
functional aspects of the man-computer interface are
not all amenable to precise definition, nor are they
readily verifiable by experiment. Some of them can

be described only as "intuitive" in nature.

However, if there is one belief that is consistently
apparent in the writings of researchers in this
field, it is that the incorporation of the necessary
human factors in a system is much more an art than a
science. As a result, the opinions expressed lay

emphasis on different aspects of the problem,
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depending on the research background. Despite the
different approaches, the final goal of efficient
communication remains. Hence while the rationale for
adopting certain attitudes varies, final
implementation concepts and much of the methodology

is common to all approaches.

This factor does, however, highlight the point that
while certain characteristics are desirable in all
systems - for example, low response times, ease of
learning - each application requires its own

individual style of consideration of human factors.

It can therefore be appreciated that clarity and
vividness in interactive graphics communication is
not an automatic consequence of the use of graphics
equipment. Conscious design effort must be applied
to provide the desired characteristics in the user's
communication with his machine. The aim is to make
the communication paths both from user to computer,

and vice versa, natural to the user.

Aspirations of the Graphic Display

The graphic display in this program is the single

interface between the human operator and the computer
program. As a result it must be highly efficient at
conveying information to the operator and allowing an
unhindered return flow of instructions to advance the

program in its execution.
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Ideally, after an initial learning phase, the
operator should be able to become virtually unaware
of the existence of this interface, so easy should it
be to concentrate on and manipulate the problem under

consideration.

Many factors influence how closely any interactive
graphic program approaches this ideal, the vast
majority being concerned with the ideosyncracies of
the operator, from psychological factors to visual
perception and interpretation (see chapter 4). It is
the function of the computer program to comply with

the requirements of the user and not vice versa.

Close consultation had taken place with the
prospective users of the interactive graphics program
discussed in these pages before any final formulation
and design were chosen. It was important to
establish just how the operations which this program
simulates are accomplished, and how much control is
available for modifications, so that these functions
might be made available on the computer in a simple,

clear and unambiguous format.

Inclusion of as many familar concepts as possible
within the simulation framework reduces the learning
time and allows the user to carry over his
understanding of the real system as the conceptual
model for the computer program. There is sufficient

reorientation required from the operator in learning
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to use the lightpen and a type-writer-like console
without demanding a reshuffling of usual operating
techniques - which in any case would reduce the
effectiveness of the simulation program as a model of

the real system.

To enhance the user's conceptual model, an
uncluttered schematic representation of not only the
storages but also their interconnections within and
outside each subsystem has been included. This is
also significant benefit to the new-comer to the
system since the model provides a complete picture of

the system, requiring only a minimum of background

knowledge.

Graphics Related Interaction

The model is designed to minimise the requirement for
typed-in data during the simulation and to maximise
use of the lightpen, since the lightpen provides a

very rapid, error free input and command language.

This has been possible since there are only a small
number of well defined system command operations (a
total of four) which lend themselves admirably to
lightpen nomination (chapter 6, section 6.6) without
recourse to a separate menu page. This in turn means
that the operational lightpen elements can be

included conveniently on the screen at all times.

In the same manner the pumping combinations available
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at any pump station have been reduced to a limited
number of possible alternative strategies, any of

which can be picked by the lightpen.

However, it can be appreciated that numbers are more
easily typed in than nominated with a lightpen. Data
required at the start of the simulation for starting
date, length of simulation and starting storages, as
well as transfers desired during the simulation, must

be supplied via the keyboard.

When the keyboard is used, there is already an
automatic visual feedback to the operator inherent in
the graphics terminal design. As the individual
numbers are typed on the keyboard, they appear on the
screen at the position of the prompt, and when the
operator is finished, the "RETURN" key (or "CR" key)
must be pressed before the model accepts the new
data. The model then clears the data from the
screen, providing further reinforcement to the fact

that the model has accepted and is using the data.

To faciliate feedback to the operator using the
lightpen, some immediate modification of the display
is needed to indicate that the operation has been
noted and the computer is working on the request.
When a system control item is picked (CHECK, PREVIEW,
ACCEPT or REVERT), the chosen item disappears from

the screen until the whole operation is completed.
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Coinciding with this, a message appears under "system
communications" indicating the state of the system

during the operation.

The choice of a pumping strategy is somewhat simpler,
since no calculation is immediately required, and any
new element picked in the pumping configuration

informs the operator of the new condition by flashing

on and off.

In choosing a new subsystem for consideration a third
indication is used. Once an item is picked, the

title intensifies in brightness for a short time and
the screen immediately changes to the format for the

chosen subsystem.

Response Time

After considering some of the comments in chapter 4,
it becomes quite clear that a short response time is
needed to maintain effective man-machine
communication. Two different avenues are used in the
model to help realize this aim. Firstly, a satellite
control program (chapter 7, section 7.1) has been
used to avoid the lengthy host-alone response time,
and secondly, calculations have been designed around
the short response ideal. This is done by avoiding
the protracted system balancing calculations when
only experimenting with different operations in

"PREVIEW" mode. Of course, a total system balance is
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required before proceeding from one month to the
next, but calculations are only performed on the
currently displayed subsystem until all subsystems

have been ACCEPT'ed.

The reason for this approach is to enable the
operator to consider each month as a block of
decisions. Within this block, response is rapid,
while at completion of the month's management, a
short delay occurs before the next block is to be
tackled. This concept is consistent with the
psychological principle of closure, or the feeling of

having completed a task.

From an operator's point of view, the task to be
accomplished is to arrange an acceptable set of
operating strategies for the subsystems in the model
for the current month. The model should work a@ the
operator's pace and unreasonable delays in task
completion avoided. If such considerations are not
anticipated and acknowledged, fatigue, boredom or

frustration at unnecessary delays may occur.

However, having completed the task, a "breathing
space" or pause before tackling the next set of
decisions is often useful to the operator. Time can
be spent reflecting on the overall system strategies,
or simply taking a mental break. The completion of
the month's operation represents psychological
closure to the operator. The task is finished and

there is usually greater tolerance of an extended
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period of inactivity before the next task requires
attention. This also strengthens the principle that
the user should not feel pushed or hurried to oblige
a constantly demanding computer, otherwise more
mistakes will occur, and confusion may set in, due to
insufficient time being allowed for thought and

consideration of the next decision.

The overall dictum on response time used in the model
when the previous points are considered, can be

summarised as follows:

A low response time throughout task completion is
desirable, while a somewhat longer "inter-task" lag

time is tolerable.

The final correct answer to the response time dilemma

is naturally dependent on the opinions of the users

of the model.

Screen Layout

The design of the visual display is an important
aspect of any graphics-oriented program, especially
when most interaction is via a lightpen. The screen
is the interface between the operator and the model,
through which data and instructions are both entered
and received, and it provides the user with a
conceptual model of the model's functions. It is

therefore important that the various elements in the
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design are straightforward, easily understood, and
positioned logically, to facilitate rather than

hinder communication between operator and model.

The subsystem diagram is the focal point of the
screen for most of the time and consequently occupies
the central part of the viewing area. The other
screen elements are placed around its perimeter.

Each item has an associated "viewing priority"
according to the needs of the operator at any instant
in the simulation. As a result of this the elements
which receive attention with similar frequency have

been grouped together (fig 8.1l.):

(1) All lightpen control elements are arranged
together at the right of the screen. This
grouping is convenient as the operator need not

chase all over the screen to find the lightpen

items.

(2) All the information-oriented output - region and
time, system communication and economic criteria

- are positioned to the left of the screen.

(a) "System Communication" is somewhat out of
immediate view when concentrating on the
lightpen "menus", however the messages
displayed in that area are only secondary
feedback after the primary acknowledgement of
the requested operation and so do not require

immediate attention. While useful to a
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novice, the prompts are often anticipated by
a regular user who feels more independent (in

control).

(b) Similarly "Economic Criteria" does not
require full time attention, being most
useful as an "at a glance" guide to the cost

of the current strategy.

(c) The important, but nevertheless sporadically
required data concerning subsystem name, time
of year and the simulation progress, is
located "out of the way" at the top of the

screen for occasional reference.

Storage Bargraph

The bargraph is a useful form in which to display the
volume held in a storage (fig 8.2). At a glance it
shows qualitatively just how much water is in the
storage as a fraction of the maximum storage, which
is numerically displayed at the top left hand side of
the bar. Thus the initial impression indicates
whether storage is particularly low, high, or within
reasonable operating limits. A closer inspection
reveals the actual volume in the storage; current

volume being displayed next to the left hand side of

the bar.

Each bargraph has a title which names the storage

represented by it and this completes the standard
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format for the service reservoirs in the subsystems.

The single unregulated storage within each subsystem
has two additional indicators on its bargraph at the
right hand side. While the operator can see the
immediate short term effect of any operating strategy
using the "PREVIEW" light button, the two extra
storage levels supply a longer term quantitative, and
temporal indication of the effects of the strategy

(chapter 7, section 7.8).

Graphic Representation of Pumping

Due to the inevitable limitation of space on the
display screen in a graphics program, it is not
possible to provide the full 24 hour pumping schedule
for each pump station to be lightpen interactive.

The three conditions of greatest importance for
pumping occur at the changes of tariff rates from
off-peak to on-peak, on-peak to special-on-peak and
full special-on-peak. These three times, the maximum
for each tariff rate, have been used in the model.
While this choice is limited, some flexibility is
provided in the number of weeks to be used for
pumping, so that a fair variety of operation can be

obtained.

This limitation does not exist in the event that the
model itself must deside the pump operation.
Internally the full pumping data set for each pump

station is available to the model.
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Pumping Configuration

The name of a pumping station, the quantity pumped at
the station and a tabulated form of the possible
operating modes appears in the "PUMPING
CONFIGURATION" section of the screen display for each
subsystem capable of accepting water pumped from the

Murray River (fig 8.3).

Current operating strategy is indicated by the
continual flashing of any three elements of the
table, one in each column. The operation may be
changed by pointing at other elements in the table
with the lightpen which will cause the new choices to
flash instead. This action does not automatically
change the screen storages; "PREVIEW" must be used
again before the effects of the new pumping

configuration are seen.

In addition to controlling the pump operation, the
user must indicate whether or not the pumped water is
required by the currently shown subsystem by pointing
to either the "PUMP" or "NO PUMP" elements associated
with the PUMPING CONFIGURATION table. Such a double
handshake of confirmation is required since there are
two cases of a single pumping station potentially
supplying two different subsystems. Either or both
subsystems can demand some pumping to be transferred
and to indicate which, if any, require the extra
water these extra controls are required. Any

modification to the pumping configuration, when no
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pumping is desired by any associated subsystem, is
ignored in calculation and direct pipeline offtakes
alone are considered. The model then changes the
pumping operation to an appropriate level of supply.
The actual amount pumped by the pump station as a

result of the strategy is given also.

Subsystems and Subpictures

The graphics display features associated with the
model have been created using the Digital Equipment
Corporation's graphics language Dec-Graphic 11

(ref 2). Within the framework of this language
individual picture elements may be grouped together
into a unit called a subpicture. Conceptually a
subpicture has a similar function to the Fortran
subroutine. The subpicture can be called at
different points in a program, the convenience being
that there is no need to redefine the picture each
time it is used or changed. Subpictures are
identified by a user-supplied index number in the
same way as a subroutine is given a name. They may
also be nested within each other allowing selected

parts of a screen picture to be modified.

The model uses subpictures throughout its structure
both for ease of programming and for ease of
reference, since the lightpen must be able to
interact with many of them on the screen. Each

subsystem has a subpicture associated with it in the
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form of its schematic screen display diagram. Within
this subpicture all the operating storage bargraphs
are subpictures also. Each subsystem which can
supply or receive a transfer has a small cross in the
appropriate position which appears or disappears
depending on the transfer strategy - this also is a

subpicture.

It can be appreciated that subpictures both large and
almost trivial are used wherever a particular feature
must be highlighted or changed. No two subpictures
can have the same index number, so each subsystem has
its own set of subpictures to define its complete
graphics display. The screen layout itself is a
subpicture with the control elements (CHECK, PREVIEW
etc), pumping configuration, system communication

messages etc, all being subpictures nested within it.

In order to create graphics pictures, elements are
programmed for the screen according to X-Y
co-ordinates. The screen is divided into a grid 1024
units by 1024 units with the point (0,0) at the
bottom left hand corner. The elements used in the
model are vectors (lines) and text, with
modifications including change of line, character
type and flash mode to differenciate between the

screen elements.

Numbering of subpictures is given in table 8.1. The
wide spacing of the numbering system is deliberate to

allow for easy expansion of the graphic sector in

future applications.
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APPLICATION SUBPICTURE NUMBER

Subsystem light buttons 1-7
(MYPONGA, ONKAPARINGA, etc)
Control elements 21-24

(CHECK, PREVIEW, etc)

System communication 50 (+)
Permanent screen format 100
Pumping configuration 101-114

(including PUMP, NO PUMP)

Subsystem layout diagrams:

Myponga 1000 (+)
Onkaparinga 2000 (+)
Torrens 3000 (+)
Warren 4000 (+)
South Para 5000 (+)
Little Para 6000 (+)

Table 8.1 System elements and the associated

subpictures.
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CHAPTER 9

Program Structure and Subroutine Description

This chapter provides the detail of
program approach and implementation
also outlines the highlights of the

the model and as a result should be

the general
requirements. It
routines used in

read in

conjunction with the computer listings of the program

code, to be found in Appendix C.

General Structure

The model is centred around a main controlling

program which guides the simulation procedures from
start to finish and communicates with the satellite
computer. From this routine are called the other
two major routines, each in charge of one of the

two aspects of the model - graphics or calculation.

These second level, more problem specific routines
are autonomous within themselves to perform the
operations for completion of their particular
assignments. Thus they are responsible for calling
most of the third level subroutines, each of which
is designed for a single task or group of related

procedures.

A simple schematic of this system is shown in

figure 9.1.
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The three routines that are responsible for these

main processes are CORE, CALCST and BARGR. Their

specific functions are as follows:-

le

2,

CORE retains overall control of the system from
program initialisation to completion. It calls
the other main routines when required and passes
information to and receives it from the

satellite processor.

CALCST is responsible for calculation of all

storages for both predictive and current month

data.

BARGR uses the data generated in CALCST to draw
up and calibrate the storage graphs of each
subsystem. It also modifies the bar graph

levels after they have been drawn.

Division of Control

Each of the routines used to build the model may be
put into a category according to its major function

within the program structure.

These categories may be defined as:

System Control
Calculation

Read Data

Store Output/Write Output

Graphics
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Although some routines fit into more than one
group, this list may be considered as definitive.
Table 9.1 indicates the actual grouping of
routines. In order to obtain a clearer picture of
how these categories divide the work load,
figure 9.2 shows a simple flow chart of the control
program CORE, with the procedures numbered to show

their operation categories.

Overlay Structure

Due to the limit of 32 K of memory which may be
accessed by a single program on the computer used
for the research, an overlay structure was
necessary to allow the model to function. Thus
instead of having all the routines spaced
sequentially through memory, they are packed down
into parallel branches, any one of which is shorter

than the serial chain of routines.

In the example given in figure 9.3 the reduction in
memory requirement is obvious. It should be noted,
however, that only one branch of an overlay can be
in memory at any one time. Thus if the root
segment PROG calls either subroutine SUB1l or
subroutines SUB2 and SUB3 no conflict arises. On
the other hand, if SUB1l calls SUB2 or SUB3 the
overlay will not work since both branches (i.e.
SUBl1 and SUB2-SUB3) are needed in memory, which

cannot occur.



Duty Subroutine

l. SYSTEM CONTROL

CORE

SATfRG
MNTH

STINIT
SUPPLY
TIMSET
TORRNS

2, CALCULATION

CALCST
EVAPOR
PMP
WEIR

3. GRAPHICS

BARGR
BAR
CROSS
SCREEN

4. READ DATA

CALDAT
REDATR

5. STORE OUTPUT,
WRITE OUTPUT

HRDCOP
OQUTDAT
SKILL

TABLE 9.1 Main subroutine functions
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A similar non-conflicting branching structure was
required for the model and its schematic form is
shown in figure 9.4. Each of the major routines
(CALCST and BARGR) is on a different branch since
they are never both needed for operations
simultaneously (i.e. one does not call the other).
The graphics routines are force loaded into the
root segment of the overlay which always stays in
core memory, since they are used in several
branches and do not need redeclaration at each

usage when so positioned.

Subroutines

Now that the general procedures associated with the

subroutines have been defined, the mechanisms for

executing those procedures may be discussed.

In order that the program configuration may be
better understood in the context of the following
comments, figure 9.5 shows the subroutine

interconnections at each level of the program.

System Control

The system control routines are responsible for
organising each step of the simulation, without
actually becoming involved with the detail of the
model. Where alternative paths are available for
the simulation to follow the operator may be

prompted for his choice of the next sequence, as
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in the control of subsystem transfers. 1In
general however the mechanics of program

operation are governed within the model.

(a) CORE

This program forms the highest level of
control in the model. Due to its key role it
forms the root segment of the overlaid task
(fig. 9.4) and as a result is always in
central memory while the program is being

used.

It controls data input from the operator for
defining the starting point of the simulation
and also reads into memory the permanent data
for the simulation (chapter 10,

section 10.2.1).

There are two sections to the program. The
first involves setting up the simulation from
data input to screen definition and including
starting calculations and graphics calls.
This part is used only once on the first loop
through the program. The second involves
repeating a section of code in which CORE
passes data to the satellite control program
and receives data about the operator's
decisions in return, which it uses to
determine the next sequence of operations.

The cycle through this code continues until
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the operator is finally prompted for a

hardcopy output at the end of the simulation.

SATPRG

This is the program which is in charge of the
graphics interaction in the satellite
computer. As soon as program CORE issues the
"TOSAT" command, to transfer control to the

satellite processor, SATPRG is brought into

action.

The transfer of data to this routine is
performed in a single byte form and each
element of information is stored in the
LOGICAL*1 array B. Thus to transfer a
variable to the satellite such as IPMP, which
is an integer using two bytes, two successive
elements of array B are used. These two
elements must be concatenated in the
satellite processor to again yield IPMP and
this is achieved with the INTEGR function.
The other two values transferred, ISYS and
ISAT, are only one byte in length and so
present no problem for decoding in the
satellite. The first element of array B is
used as a flag to indicate that it is the
program SATPRG and not a standard graphics
element which is required. Similarly the
integer I is a value of unity only when the

host processor specifically transfers to the
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satellite. This holds the two processors,

host and satellite, in syncronism.

The body of the satellite program is designed
around controlling the lightpen and simple
screen modifications, such as turning
elements on or off. The first section of
code decodes the data from the host and
checks that the correct pumping station is
displayed. The remaining section involves a
loop which polls the lightpen. When a
lightpen attention of sufficient duration
occurs (IHIT greater than 5) the number of
the lightbutton chosen (IT) indicates the
subsequent procedure to be followed. Data
array IPIC is used as a reference for all the
lightpen sensitive screen elements. These
are the subsystem names, control words,
pumping elements and valve controls in the
Myponga screen display. Finally the new
graphics state of the currently displayed
subsystem is returned to the host to

implement the changes.

SUPPLY

This subroutine is one of those which fit
more than one category. In its graphics
operation it is fesponsible for prompting the
operator for either Little Para or South Para

subsystem's transfer. 1In its system-control
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sense it checks whether the proposed transfer
is greater than the summer or winter pipeline
capacity and if greater a reduction in the
transfer volume occurs. It is of particular
importance with respect to Little Para
subsystem since it also checks the
Mannum-Adelaide pipeline capacity in respect
of the proposed transfer, and prompts for a
reduction in volume if the capacity is

exceeded.

TORRNS

This subroutine was required specifically for
the complexity of the Torrens subsystem.
Millbrook reservoir has a prompt for its
operator-specified storage, and the choice of

supply to Anstey Hill is also made through

this subroutine.

The additional degree of complexity arises
with the transfer of water through Millbrook
to avoid the low capacity section of main.

To accomplish this, the transferring
variables take on special values

(ISPPLY = +10 or -10) and the transferring
indicator for the Torrens subystem (TRNSF2)
must be modified. This detailed modification
is only possible in "ACCEPT" mode (IPRVW = 0)
when Millbrook's individual inflow can be

used.
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STINIT

The subroutine is called in the opening
stages of program CORE to obtain the starting
storages for each of the main reservoirs in
the system. Storage values are prompted for
the operator in the order of subsystem
calculation (Myponga first, Little Para last)
and from upstream to downstream. A check is
made to ensure that no storage has more than

its full supply volume.

TIMSET

The month and year titles on the screen
format are the responsibility of TIMSET. In
each month of simulation the time headings
are updated and a count of the number of
years simulated so far is displayed. 1It is

called from program CORE.

MNTH

MNTH is a simple routine used both in setting
the screen titles (in TIMSET) and on the
reservoir bar graphs (in BARGR). It contains
a data array A of the abbreviated names of
the twelve months of the year and, given the
current month index, loops through the array

until the correct abbreviation is found.
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Calculation

Under this heading come all the operations
involved in determining the monthly storages for
each subsystem. No reference is made to the
system control routines for the order of
calculation, since that is organised within
subroutine CALCST. The transfer of control is

complete, until calculatioin stops.

(a) CALCST

Subroutine CALCST is called from program CORE
and is in complete control of the order and
method of all simulation calculations. Each
subsystem loops through the calculations in
CALCST at least three times for each month.
The first loop (NCYCL = 1) calculates the
storage for the current month using either
deterministic (IPRVW = 1) or stochastic

(IPRVW 0) data. The second time around

(NCYCL 2), the routine cycles through
calculations for the months remaining until
the end of the financial year using large
inflow values (10% probability of
exceedénce). Finally, the same monthly
calculations are performed using low inflows
(90% probability of exceedence). No
transfers are supplied during the second and

third loops. Thus the one segment of code is

potentially used many times for each
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subsystem. This is possible due to the

simplicity of the calculations involved.

Each subsystem is considered as a single unit
and only after the overall subsystem
requirements are met do the individual

storage characteristics become important.

Since this is the key calculating routine, it
is reasonable that it should be responsible
for the recording of subsystem data
throughout the simulation. This it does
through subroutines HRDCOP and SKILL. it is
also responsible for organising each year's
set of renewable data for demands and inflows

which it performs through subroutine CALDAT.

PMP

While subroutine CALCST is in overall charge
of calculation for each subsystem, routine
PMP is responsible for the complete
evaluation of the pumped supplies and their
associated costs. The usefulness of PMP
hinges on its two main operations. Firstly,
it decomposes the elements of array IPUMP to
give the actual pumping strategy and converts
this to a pumped volume and cost. Secondly,
PMP is able to set an economic pumping
operation independently of the operator when
required. These functions are considered in

chapter 7, sections 7.5 and 7.6.
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In addition, the section of code dealing with
the special nature of Millbrook reservoir, as
a bypass to the low capacity gravity main, is
basically designed to allow the Mannum
pumping station to supply more than the
limited capacity without the subroutine
automatically curtailing its pumping
operation when that pipeline capacity is

exceeded.

WEIR

Subroutine WEIR is the first of two simple
linear interpolation routines. 1In array
WIRTRF are stored the co-ordinates of the
weir transfer functions at which the
characteristics change from complete transfer
of inflow, to part transfer and finally to
the limiting hydraulic transfer capacity of
the supply route. From the stochastic inflow
assigned in CALCST, this routine interpolates
the amount transferred to the appropriate

storage.

EVAPOR

This is the second interpolation routine.

Data array EVAPN contains all the storage vs
evaporation curves for each reservoir in the
system, prefixed by the reservoir index as a

negative number. The subroutine searches the
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first elements of each record in the array
until the appropriate negative value is
found. It is then a simple matter, given the
current storage in the reservoir, to
interpolate between two storage curves for
the appropriate month to find the evaporation

loss. ©See chapter 10 for the data format.

Graphics

The routines involved with the graphics features
of the model are simply drawing programs. They
use the results of calculation and system control
routines to create and modify the screen

display. No values are generated in the graphics
subroutines which are of importance to any other

model segment besides graphics display and

control.

(a) BARGR

All storage bargraphs and the associated
subsystem displays (subpictures) are drawn
under the control of BARGR. Using X-Y
co-ordinates as discussed in chapter 8,
section 8.8, BARGR sets up the positioning of
each graph in the screen display area.
Subroutine BAR is then used to fill in the
details of the graph. Finally, all the
appropriate titles, values and storage

interconnections are added by BARGR. This
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part of the subroutine is only used once for
each subsystem since after they are drawn the
subpictures remain in memory and do not need

redrawing each time they are displayed.

By skipping the code responsible for the
previous operations, the remainder of BARGR
modifies the levels for each graph, at

monthly intervals, using the calculated data

from CALCST.

BAR

This subroutine is called by BARGR to draw up
each storage's bargraph at the start of the
simulation., It uses the X and Y co-ordinates
calculated in BARGR to draw the bar to the
correct scale in the required position on the
screen. Blank titles are positioned on the
diagram to be filled in later by BARGR. If
the storage is neither a service reservoir
nor a weir, the additional set of predictive
indicators for maximum and minimum storages

is also supplied.

CROSS

This subroutine simply draws a diagonal cross
on the screen to indicate a valve in a
pipeline. It must be called in the

subpicture at the position where the cross
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(valve) is to be located.

(d) SCREEN

Subroutine SCREEN is responsible for the
overall division of the display screen into
the different compartments required by the
model. It also creates all the headings for
the screen and positions the main interactive
light button elements. It is used only once,

at the start of the model operation.

Read Data

Apart from the system initialisation data to be
supplied by the operator, there are two other
data sets to be included in the simulation -
permanent and renewable data (see chapter 10).
These data sets are read in separately at

different points in the program.

(a) REDATR

This subroutine is called by program CORE
once only at the start of simulation. It
reads from unit 7 (magnetic disc) the data
for inflow (10% and 90% probability of
exceedence), pump characteristics for the
pump stations used, and evaporation data for
each reservoir. These values do not change

throughout the simulation.
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(b) CALDAT

All the monthly varying calculation data are
read and stored in routine CALDAT. These
data are read during the simulation at the
start of each year by a call from routine
CALCST. As a result, any effect of this
routine on response time needs to be
minimised. Thus instead of reading one file
at a time, each with its associated opening
and closing requirements, three different
logical unit numbers (7,8 and 9) are used to
enable all files to be opened, read and
closed simultaneously, resulting in a faster

overall subroutine execution.
It is in this subroutine that the demands for
each subsystem are combined from the twelve

individual demand zones.

Store and Write Output

The storing and writing of system operation to
output is an important facet of the program. Not
only is the operator able to test his skill on
the simulator over several years, but afterwards
his performance may be inspected and analysed for

a measure of his ability to manage the system.



(a)

(b)

172.

HRDCOP

Subroutine HRDCOP is called by routine CALCST
at the end of each month of simulation to
store each subsystem's characteristics.
Storage characteristics are stored in array
SYSSTR and pumping operations in array
SYSPMP. At the end of each twelve month
period these arrays are emptied into files
OUTPUT.DAT and OUTPMP.DAT respectively and
subsequent months' data start to f£ill the

arrays once more.

SKILL

This is the subroutine used to store the
pertinent data on system operation with which
to determine the operator performance. Data
is written to file each month to avoid
increasing the program requirements too

much. This has not adversely affected
response time. Data is stored on the basis
of the individual subsystem and the system as
a whole, using files SUBFORM.DAT and
TOTFORM.DAT respectively, on logical units 7
and 8. The data is calculated for monthly,
yearly and whole simulation time periods to
indicate the progressive effects of
averaging. Data are taken from the arrays in
subroutine HRDCOP, SYSSTR and SYSPMP, and are
manipulated in array PERFRM before being

written to file.
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(c) OUTDAT

OUTDAT is a formatting routine that sets up
the tables for and prints, the stored data
from the simulation in legible form. It
employs the number of input data records used
as its index for the amount of output data to
be written i.e. it works from the first
record MINREC to the last record MAXREC. It
is responsible for printing all the output

data, both the system characteristics and the

operator performance.
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CHAPTER 10

MODEL DATA

Within the framework of the simulation model there
are three separate data sets required for its
operation. The first is the operator supplied
initialisation data for the desired model starting
conditions, which is used by the model to extract the
correct values from the second data set of inflow,
demand and the like. The final data files are
written by the model as output, not only to record
the system operation, but also to supply information

concerning the efficiency of operation.

Each of these areas will be discussed separately in

this chapter.

It is worth noting that the files which are
referenced more than once are labelled "DIRECT
ACCESS". This allows immediate reference to the last
record read or written and saves laboriously sorting
through the file which results in a lessened impact

on response time.

Initialisation data

The information required of the operator tells the

model:

l. which zone of the system is to be simulated
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2. 1in what year and month to start (at or after
1976)
3. the duration of simulation

4, reservoir starting storages

This type of data is basic to the operation of any
reservoir simulation model, however, the starting

year of simulation requires further explanation.

The data sets used in the model for inflow and
demand consist of 30 years of monthly values for
each storage and demand zone. This period was
developed to coincide with the interval from
January of 1976 to December of 2005 (ref. 1,
section 8.1). 1In order to reference the required
segment of data for simulation an offset to the
first value from the start of the file must be
calculated at the initialisation of the
simulation. Future data references are all made
according to this offset which is in terms of

monthly records from the start of the file.

10.2 Input Data

In this category there is a total of six data files
which are required by the model. Their
characteristics may be further divided into

permanent and renewed data.

10.2.1 Permanent Data

The permanent data is read into the model once
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only for the entire simulation and is never
changed. It deals with system characteristics of
pumping, reservoir evaporation and average or

deterministic inflow.

Pumping : PUMP.DAT.

The pumping data file contains the full 24 hour
pumping schedule for each pumpstation. Pumping
rates in megalitres and costs in $ per megalitre
are given for hourly time increments. The data
refers to a single week's operation. (Table 10.1

a, b and c¢).

Evaporation : EVAP.DAT.

For each reservoir in each subsystem there is a
series of tabulated storage vs evaporation curves
for monthly evaporations throughout the year,
spanning the range of storage volumes from zero

to full capacity.

The number of curves for each reservoir is
variable depending on the maximum storage

volume. As a result of this a simple indexing
arrangement is used to divide this single file
appropriately. Immediately prior to each block
of curves is the negative value of the reservoir
index number. It is then a simple matter to scan
through the data until the appropriate negative

index is found after which the data may be read



OUTPUT IN MEGALITRES AND COST OF ELECTRICITY IN CENTS PER KILOLITRE FOR
VARIOUS PUMPING COMBINATIONS AND PUMPING HOURS

MURRAY BRIDGE ONKAPARINGA PIPELINE

As from 1.8.80

NO. OF PUMPS 1 3
OUTPUT Litres/Sec. 2 350 = 203 ML/D 4 380 378 ML/D 5 760 = 497 ML/D
KWH/Kilolitre 1.39 .50 1.65
)
PUMPING HOURS OUTPUT - ML CENTS | OUTPUT - ML CENTS | OUTPUT - ML CENTS
PER PER PER

WEEK W.E. WEEK WEEK W.E. WEEK KILO WEEK W.E. WEEK KILO WEEK W.E. WEEK KILO
DAY DAY DAY DAY LITRE | DAY DAY LITRE | DAY DAY LITRE

8% 22 851 70 184 718 2.13 130 334 1 318 2.30 171 428 1 711 | 2.52

9 22 89 76 184 748 2.16 142 335 1 378 2.33 187 428 1791 | 2.57
10 22 94 85 184 793 2.21 158 334 1 458 2.38 207 428 1 891 | 2.62
11 22 99 93 184 833 2.24 173 334 1 533 2.42 228 428 1 9396 2.66
12 22 104 102 184 878 2.28 189 334 1613 2.46 249 428 2101 | 2.71
13 22 109 110 184 918 2.31 205 334 1 693 2.49 270 428 2206 | 2.74
14 22 114 119 184 963 2.34 221 334 1773 2.53 290 428 2 306 | 2.78
15 22 119 127 184 1 003 2.37 237 334 1 853 2.55 311 428 2 411 | 2.81
16 22 124 136 184 1 048 2.39 252 334 1 928 2.58 332 428 2 516 | 2.84
17 22 129 144 184 1 088 2.1 268 334 2 008 2.61 353 428 2 621 | 2.87
18 22 134 153 184 1 133 2.44 284 334 2 088 2.63 373 428 2 721 | 2.89
19 22 139 161 184 1178 2.45 300 334 2 168 2.65 394 428 2 826 | 2.91
20 22 144 170 184 1218 2.47 315 334 2 243 2.67 415 428 2 931 | 2.94
21 22 149 178 184 1 258 2.49 331 334 2 323 2.69 428 428 2 996 | 2.96
22 22 154 184 184 1 288 2.50 334 334 2 338 2.70 428 428 2 996 | 2.97
24 24 168 204 204 1 428 2.64 378 378 2 646 2.85 498 498 3 486 | 3.13

TABLE 10.1 (a) Murray Bridge



MANNUM ADELAIDE PIPELINE

OUTPUT IN MEGALITURES AND COST OF ELECTRICITY IN CENTS PER KILOLITRE FOR

VARIOUS PUMPING COMBINATIONS AND PUMPING HOURS
As from 1.8.80

NO. OF PUMPS 1 2 3 4
OUTPUT Litres/Sec. 1 290 = 111 ML/D 2 410 = 208 ML/D 3 450 = 298 ML/D 4 320 = 373 ML/D
KWH/Kilolitre 1.63 1.69 1.74 1.83
PUMPING HOURS OUTPUT - ML CENTS OUTPUT - ML CENTS |OUTPUT - ML CENTS | OUTPUT - ML CENTS
PER PER PER PER
WEEK W.E. WEEK | WEEK W.E. WEEK| KILO WEEK W.E. WEEK | KILO WEEK W.E. WEEK | KILO |WEEK W.E. WEEK |KILO
DAY DAY DAY DAY LITRE DAY LITRE LITRE LITRE
8% 22 85¢ 38 100 390 | 2.49 72 183 726 2.59 102 256 1 022 | 2.66 128 313 1 266 | 2.80
9 89 42 L1o | 2.54 78 756 2.63 112 1072 | 2.71 140 1326 | 2.85
10 9k 46 430 | 2.59 87 801 2.68 124 1 132 | 2.76 156 1 406 | 2.90
1 99 51 4s5 | 2.63 95 841 2.73 137 1337 | 2.8 171 1 481 | 2.96
12 104 56 480 | 2.67 104 886 2.77 149 1257 | 2.85 187 1561 | 3.00
13 109 60 500 | 2.71 113 331 2.81 161 1317 | 2.85 202 1 636 | 3.04
14 114 65 525 | 2.7k 121 971 2.85 174 1382 | 2.93 218 1 716 | 3.08
15 119 70 550 | 2.78 130 1 016 2.88 186 1 442 | 2.96 233 1 791 3.12
16 124 74 570 | 2.81 139 1 061 2.91 139 1 507 | 2.99 249 1 871 | 3.15
17 129 " 719 525 | 2.83 147 1101 2.94 | 211 1 567 | 3.02 | 264 1 546 | 3.18
18 134 84 620 | 2.86 156 1 146 2.96 224 1 632 | 3.05 280 2 026 | 3.21
19 139 88 640 | 2.88 165 1191 2.98 236 1 692 | 3.07 295 2 101 | 3.23
20 144 93 665 | 2.90 174 1 236 3.01 248 1 752 | 3.10 311 2 181 | 3.26
21 149 98 690 | 2.92 182 1 276 3.03 256 1792 | 3.12 313 2 131 | 3.28
22 154 100 700 | 2.94 183 1 281 3.05 256 1792 | 3.14 313 2 191 | 3.30
24 24 168 111 111 777 | 3.10 208 208 1 456 3.21 298 298 2 086 | 3.30 373 373 2 611 | 3.48

Table 10.1 (b) Mannum



SWAN REACH PUMPSTATION

TABULATED WEEKLY VOLUME AND COST

TIME 1 PUMP 2 PUMPS 3 PUMPS
OUTPUT OUTPUT OUTPUT
ﬁiﬁf ?if; ML/WEEK  kwH/MNT $ COST/ML | ML/WEEK KwH/MNTH § COST/ML | ML/WEEK  KwH/MNTH COST/ML
11% 24 110 699 889 43.51 212 1416 213 41.58 304 2 115 776 40.00
12 24 114 725 038 43.81 219 1 467 102 42.03 315 2 19} 802 40.58
13 24 119 758 570 44,18 230 1 534 954 42.59 330 2 293 171 41.32
14 24 124 792 102 44.52 240 1 602 806 43.10 345 2 394 539 41.96
15 24 129 825 635 44 .83 250 1 670 658 43.57 359 2 495 908 42.56
16 24 135 859 167 45.12 260 1 738 510 44.01 374 2 597 276 43.11
17 24 140 892 699 45.39 270 1 806 361 44 .41 388 2 698 645 43.63
18 24 145 926 231 45.63 280 1 874 214 44,78 403 2 800 013 44,11
19 24 150 959 763 45.86 290 I 942 065 45,12 418 2 901 382 44.55
20 24 156 993 296 46.07 300 2 009 917 45.45 432 3 002 750 44.96
21 24 161 1 026 828 46.27 311 2 077 769 45.75 447 3 104 119 45.35
22 24 166 1 060 360 46.46 321 2 145 621 46.03 461 3 205 487 45.71
23 24 171 1 093 892 46.64 331 2 213 473 46.29 476 3 306 856 46.05
24 24 177 1 127 425 46.80 341 2 281 325 46.54 490 3 408 224 46.37

TABLE 10.1

(c) swan Reach
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according to Table 10.2.

The possibility of correlating evaporation to
rainfall has been investigated for this reservoir
system (ref. 1, section 4.3.4) but the results
achieved were no better than those of average

evaporation data. Hence average data has been

used in this model.

Deterministic inflow : DETINFL.DAT.

The file contains the inflow values used in
"PREVIEW"” mode and for future predictions
(chapter 7, section 7.7, 7.8). Each record of
the file contains the twelve, monthly inflows to
a subsystem. The records are sorted according to
the order of subsystem calculation (Myponga
first, Little Para last) and the data for each
subsystem is grouped - the 90% probability of
exceedence data followed by that for the 10%
probability of exceedence. These values are
based on probability of exceedence curves for

each subsystem catchment (fig. 10.1).

Renewed Data

Under this heading are inflow and demand files

that are used once only. Each one of these files
contains 30 years of monthly data as discussed in
section 10.1. The files are read by the model at

the start of each annual cycle rather than at
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shorter intervals which would affect model

response time.

(a) Deterministic (average) demand, DETDEM.DAT:

(b)

Deterministic monthly demands for the twelve
separate demand zones which are supplied by
the combined pumping and reservoir system are
found in this file. Within the model these
separate values are combined into totals
representing the overall demands supplied by
individual subsystems and pumpstations.

These collective demands are used in the
"PREVIEW" mode and for future month
predictions with the previously discussed
inflow values. The demands in the various
zones increase over the 30 years according to
predicted demographic changes in that time

(ref. 1, chapter 6).

Stochastic (generated) inflow, STOINF.DAT:

The inflow values were generated using the
"Key station - satellite station" technique
as discussed in the water resources study
(ref. 1, chapter 5). The results are a set
of monthly inflow volumes for each storage in
the metropolitan system including the two
weirs being modelled. NoO values were
generated for the service reservoirs

(chapter 5, section 5.4) since they receive
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no inflow.

(c) Stochastic (generated) demand, STOCDEM.DAT:

This demand file follows the same format as the
deterministic demand file, however an important
point to note is that these demands, while based
on the deterministic values, are correlated with

the stochastic inflow.

Qutput Data

There are four files generated by the simulation
which are used to provide the information for the
final model output at the end of the session. They
are concerned with storage operation, pump
operation and performance of the user on a

subsystem and total system basis.

Storage Operation, OUTPUT.DAT:

Data which are stored in this file consist of
monthly starting storages, inflows, demands,
spill, deficit, transfers in and out, and the
associated pumping costs. For each subsystem
therefore the monthly management is recorded for
future reference. The costs recorded are those
incurred only by the particular subsystem in
obtaining pumped transfers. If it is possible to
transfer out of a subsystem as well as into it,

as in the cases of Warren and Torrens subsystems,
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then each subsystem is billed only for the pumped
transfer that remains in its storage and any
transfers out take their associated costs to the
receiving subsystem. Thus a transfer to Warren
reservoir from the Mannum-Adelaide pipeline of
425 megalitres may cost nothing to Warren
subsystem since it in turn is transferring to
South Para subsystem a volume greater than the
425 megalitres, and South Para therefore stands
the cost. Transfers out are signified by a minus

sign (-) while transfers in are positive.
Demand values for each month include not only the
total subsystem demands but also the monthly

evaporation.

Pump Operation, OUTPMP.DAT:

The pumping operation data records the actual
pumping strategy at each pumpstation. The

pumping configuration is stored as:

Number of pumps, Daily duration, Number of weeks

where the daily duration is given as offpeak
(=1) , onpeak (=2), special on peak (=3). To
indicate how much water is available to the
metropolitan system, the total pumping at the
station, pipeline demands and the net available
pumping are stored. The supply from Millbrook

reservoir to the Mannum-Adelaide pipeline is also
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included, as is its pumping bill in the total
costs if it supplies to Anstey Hill water

treatment plant rather than Little Para subsystem.

Performance of the Operator, SUBFORM.DAT,

TOTFORM.DAT:

Data is stored on monthly, yearly and whole
simulation averages to enable a comparison of
system operation over and above the subsystem
management. Values are written to the files each
month to avoid excessive internal storage of

data. Further detail is given in chapter 1l.
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CHAPTER 11

EXPERIMENTAL RESULTS AND ANALYSIS

Introduction

This chapter discusses the experiments performed
using the system model and the analysis of results
so obtained. The model performed its role as a
simulator quite adequately, with no major
grievances being voiced by any of the operators who
used it. However, a section outlining improvements

suggested by the operators is included in this

chapter.

Difficulties were experienced at times with the
graphics aspects of the model, there being
occasions on which communications failures between
host and satellite processors caused automatic
program abort. In such cases there was no
alternative other than to resimulate the
appropriate period. This may be seen as supplying
the potential for an operator to obtain "prior
knowledge" of the inflow and demand sequences, thus
affecting his subsequent performance in the
resimulated period. Immediate repetition of a time
sequence after computer failure was avoided where
possible, there remaining usually two other
sequences to complete before being compelled to use

the same data set again. 1In addition, due to the
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considerable time lapse between experiments (one to
three weeks), there was sufficient opportunity for
an almost total loss of recall on any initial data
memorisation. The computer communication problem,
while not solved, was circumvented by simulating in
one year intervals for each two year sequence.
Thus there was only ever one year which required

resimulation.

Final storage data from the first year became the
initial storage data for the second year's

simulation.

The choice of a two year set as the basic unit of
the experiments was governed by the speed of the
operators in completing a simulation run. The time

taken for a two year set ranged from 1% to 2 hours.

Two hours is quite an extended period of time for
concentration to be maintained at an adequate level
for the productive use of the model. It should
also be noted in this context that the model offers
a severely reduced time scale for management
decisions which would normally be considered over
days rather than minutes. Thus to avoid operator
fatigue and errors of judgement due to loss of
concentration, the two hour limit and hence the two

year unit was used in the experiments.

An alternative approach to the problem would have
been to use a longer period of time (say, six

years) and split it into three successive
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simulations of two years each. The limiting factor
in this case was the limited availability of the
operators who gave their time to be a part of the
experimentation. Splitting up the simulation over
the previously mentioned time span of weeks would
have caused a significant loss of continuity for
each experiment as a whole, effectively reducing
them to individual experiments. It was also
desired to see variation of operation over wet, dry
and normal years on an individual basis and the two

year sequence was adequate for this.

As a result of the previous considerations, three
different data sets, each of two years duration,
were chosen from the total of 30 vears' data
available. Their characteristics gave an adequate
but not extreme spread of system inflows and
demands to test system management throughout the
system. In terms of the 30 year data set (starting
in January 1976) the three series were from July to

June in the following years:

1. 1977 to 1979 (dry to dry)
2. 1987 to 1989 (wet to wet)
3. 1990 to 1992 (wet to dry)

Experimentation

For the comparison of simulated performance between
operators to have any true validity, individuals

were required who at least had some operational
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experience with the real system. Without this
background, concepts such as off-peak or on-peak
pumping, high and low storages and large and small
transfers would have to be learned until they
became second nature, so that finally, any
incompetent operation of the model could not be put

down to ignorance of the system.

In addition, those who have had time to develop an
"operations feel" for the system should also have
developed an individual philosophy on system
operation which they can apply to the model and

thus show their individuality.

Three officers of the Engineering and Water Supply
Department were made available to operate the
model. All three had experience and responsibility
of full time management of the system ranging from
six months to several years in official capacities
as either the Pumping Engineer or his assistant.

This experience was considered adequate background.

Before commencing the experimental simulations,
each operator was allowed to familiarise himself
with the model through several short trial
simulations until he felt confident of his ability
to operate the model. Thereafter the operators
were individually put in control of the model for
the three separate two year simulation periods.
Each experimental trial was considered as a

separate sequence and the starting storages for the
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subsystems in each trial were the same for all the

operators.

The set of starting storages used in the
experiments are the "target" storages for each
subsystem. These values are used in the real
system as the minimum reference points to be
obtained at the end of each financial year. They
have been developed over the life of the system as
the finishing/starting storages which give minimum
acceptable security when combined with pumping in
the event of drought, and adequate unused buffer

storage in the event of excessive inflow.

At the end of each simulation, the variation
between the final storages obtained and the target
storages were used to help determine operational

performance.

Method of Evaluation

Early in this thesis study the question was posed
of how different operators would manage the system
model. To this end, a means had to be found that
the computer might conveniently implement to
monitor the methods used and their efficiency of
operation. From data obtained in the simulation,
performance parameters needed to be calculated
which could indicate the operational bias of the

system user.
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The two basic variables on which the operation of
any reservoir system depends are the rainfall
(natural inflow) and the demand conditions.
Maximum use of natural inflow reduces the
requirement for extra pumped supplies which would
increase costs and reduce efficiency. At some
stage, however, demand will exceed inflow
considerably, requiring some pumping to replenish
storages. Just how much pumping is used depends on
the operator's preparedness to gamble on obtaining

more rain for natural inflow.

This argument indicates that parameters involving
the inflow, demand and pumped transfer
characteristics of the simulation may produce a
reasonable picture of the operator's philosophy.
The volume held in each reservoir is another
potential variable, but storage is perhaps more of
an "action-triggering" mechanism, since a high
storage at the end of winter and low storage at the
end of summer are common management practice, while
the opposite conditions are certainly

unacceptable. It would appear rather that the time
of occurrence of any given storage is the important
factor which controls what remedial action, if any,
is to be taken. Hence a temporal distribution of
any parameters from July to June should enhance the
definition of human performance. This is also
important for inflow and demand considerations

since these are highly time dependent (seasonal).
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Choice of parameters

Two parameters were chosen to attempt to

quantify explicitly the efficiency of system

operation. They used the inflow,

demand and

pumping elements mentioned previously.

(a) Fraction of inflow used to supply demand:

(D-T) /INF
where D = subsystem demand
T = transfer into the
external sources
INF = natural inflow to

This indicates how efficiently the

being used. Any pumping transfers

subsystem from

the subsystem

inflow is

to the

subsystem reduce the amount of inflow required to

supply the subsystem demands and hence leave a

greater volume available to boost the reservoir

storage. A low or negative value for this

parameter should indicate a conservative

approach, since excessive transfers are being

used to keep storages high.
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(b) Fraction of pumped water used to supply

demand:
D/T
where D = subsystem demand
T = transfer into the subsystem from

external sources

This indicates how much of the extra water
supplied to the subsystem is being used to
directly satisfy the immediate demand, and how
much is being put into the reservoirs to make
sure that there is sufficient to meet future

demands in case the rainfall proves to be

sporadic.

A low value should indicate that large transfers
are being supplied to boost reservoir storages,

implying a conservative approach.

(c) Results of use:

These two parameters were included in the model
and calculated monthly for each operator. Two
unforeseen problems occurred with them, being the
relative magnitude of the different elements and

their variability.
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Due to the size of the demand zones supplied by
individual subsystems, summer demands are often
very large, effectively swamping the effects of
transfers into or out of the subsystem.
Similarly, inflows during winter from large
natural catchments are much larger than the
relatively modest transfers into subsystems. As
a result, parameter values seesaw between very
large values in summer and small fractions in
winter which are not much affected by the
relatively small variations in transfers between
the different operators' management policies.
These effects make the parameters of little use

in their current state.

Other Alternatives

Although a single, explicit and quantitative
measure of system efficiency does not seem
feasible, other avenues exist for the comparison
of different methods of system operation. The
most important of these is the pumping costs
which accrue during each year of operation.
These highly variable costs indicate indirectly
the amount of water pumped, and more importantly
enable an assessment of the relative economic
efficiency of different operations. In some
respects pumping costs are a better form of
operator assessment than at first appears. As
has been explained in chapter 5 (section 5.5)

there are three electricity tariffs, used
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throughout the financial year, of different unit
costs. The aim of the system operator is thus
twofold - not only to minimise pumping, but also
to ensure that any pumping required is performed
at the lowest cost rate possible. As a result, a
conservative operator will have a higher pumping
budget result than a "gambler" who uses less
pumping but risks empty reservoirs instead. This
implies that the cost of pumping in the system
may be used as an index of the degree of operator

conservatism.

This in itself would provide the basis for an
adequate operator comparison if all the
operators, having started on the same minimum
target storages, finished on exactly the same
volumes. Of course this never happens in
practice and so some economic allowance must be
made for the excess or deficit between the
operators' finishing storages and the target

values.

In general if the reservoirs in the real system
at the finish of a year are above the minimum
targets then no attempt is made to draw them down
to the exact target values. The excess water is
considered either as a bonus if occurring as the
result of unforeseen natural inflow, or as a
costly mistake of judgement if due to excessive
pumping. On the other hand any deficit below the

minimum targets is viewed with concern, since it
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means that extra pumping will need to be done in
the next financial year to regain the margin of

security given by the targets.

It is this approach to storage variation which
has been used to bring the results of the
different operators to a comparable form. If
there is any excess storage above target at the
end of the two year simulation it is ignored. 1If
the excess is in fact due to excessive pumping,
the operator has already penalized himself by

having a larger pumping cost than required.

However, volumes spilled, deficits in supply and
discrepancies between targets and lower finishing
storages are given an economic cost according to
the average cost of supplying water over the two

years

cost

= (deficit+spill+discrepancy)* TOTAL DEMAND
TOTAL PUMPING COST

This results in a total cost for the operation:
TOTAL COST = (TOTAL PUMPING) + (TOTAL ECONOMIC )
( COoSsT ) (COST OF STORAGE)
Hence the different operators may be compared
according to their total cost of two years
operation to find which is the most conservative

and which is the least conservative.
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Little Para Subsystem

At the time of creating the model, the
operational split of demand between the South
Para and Little Para subsystems was still
uncertain and under review. As a result, the
original proposed operating rule for Little Para
Subsystem was included in the model. Subsequent
operation of the model showed that demands on the
subsystem were insufficient to affect its
seasonal storage to such an extent that
concentrated operation of Little Para storage was
required. This resulted in the frustrating
situation of South Para subsystem being drawn
down by summer demands and so requiring

Swan Reach pumping while Little Para gained quite
substantial storage which could not be used to
relieve South Para due to the obsolete operating
rule. As a result, the operators left Little
Para untouched in the experiments, resulting in
Little Para having no influence on the overall
simulation. For this reason the Little Para

subsystem was not included in the analysis.

The Operator's Viewpoint

It would be fallacious to consider the results of
an interactive model such as this without including
some of the feedback and comments from the
operators concerning the ease or difficulty of

model use and their suggestions for improvements.
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The following paragraphs discuss aspects of the

model from the operator's point of view.

11.4.1 Model Usage

(a) Response time was acceptable as a general
rule. The system balancing calculations at
the end of each month (30 to 50 seconds),
while slower than individual subsystem
previews, did not take an excessive amount of
time. This view is probably due to the
operators' appreciation of the amount of

calculation being performed.

A shorter delay would however be an
improvement. Lightpen response time was
unnoticed and no one felt they were under

pressure from a constantly demanding model.

(b) The predictive storage levels on the right
hand side of one reservoir in each subsystem
proved useful in "tight" situations. Under
normal operating conditions when the storage
is high and the predictions are not near
empty or full, they are ignored. However
when the storage is approaching either
extreme condition, the values taken by the
predictions become more important and are

considered when framing a monthly strategy.
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(c) The economic prediction elements - cost per

kilolitre supplied and the fraction of demand
supplied by pumping - are less useful than
had been hoped. Being updated on the basis
of individual monthly demand data, the
parameter values change with changing demand
even though the same pumping strategy is in
operation. An improvement would be to give
an averaged value up to the current position
in the financial year so the operator might

see his position relative to the past months’

strategies.

11.4.2 Model Improvements

(a) At present the use of a monthly time interval

(b)

requires a commitment each month to a single
strategy of transfers and/or pumping. While
this is adequate for system operation when
spill or deficit are unlikely, a more
realistic operation would be to allow the
optional use of a shorter time interval, for
example one week, to step through critical
periods of spill or empty storages. This
would allow a closer tailoring of management

to system requirements.

Since the implementation of the model, the
operating rule of Little Para reservoir has
been modified to accept more demand from the
Barossa trunk main than originally

programmed. The facility to change the
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fraction of shared demand taken by South Para
and Little Para subsystems would be a
necessary improvement to allow for different

operating rules on the Little Para subsystem.

(c) While the fixed operating rules for the
service reservoirs in the system give
adequate minimum holding storages, greater
realism would be obtained by allowing these

reservoirs to accept more than the minimum.

At present the set storage values prevent any
excess inflow from being taken, thus causing

spill of potentially usable water.

(d) In a similar manner, rather than setting the
actual storage in Millbrook reservoir, the
model could set the minimum acceptable
storage, so that if any excess inflow were
received, it would stay in Millbrook and not

be passed down to Kangaroo Creek reservoir.

Results: Comparison of results

In addition to the three officers of the
Engineering and Water Supply Department, the author
included himself as a fourth operator for the three
simulations. It was realized that he had an
intimate knowledge of the system - model
relationship and was far more familiar with the

details of the model functions than the other three
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individuals. 1In this sense he had priveleged
knowledge of the system. Nevertheless, he was not
in the position of knowing the detail of the inflow
and demand files until after he had performed the
three sessions of simulation himself and so was in
the same state as the other three operators in
attempting to plan system strategies around unknown

weather conditions.

A table showing the results of each of the
operators in the three experiments is given in
table 11.1 1It can be seen that, despite a similar
basic training there is a significant economic
variation in the different operators' management

results.

To illustrate the ranges of system operation which
were exhibited in the experiments, the least and
greatest cost operations for the period 1987-89
have been chosen for detailed discussion, i.e. the
methods used by the author and operator 3. It is
this particular simulation which shows the greatest
difference between the operator cost values.
Details of these two operations in terms of

individual subsystems can be found in appendix A.

Compar ison of Operation

Table 11.2 shows a summary of the calculations
used to arrive at the final costs for the two

operations. It is worth noting at this point



OPERATOR COSTS: §

YEAR
SEQUENCE AUTHOR I 2 3
1977 - 79 8 119 960 8 375 884 7 841 819 8 597 334
1987 - 89 5 692 121 6 422 055 6 808 596 7 658 256
1990 - 92 6 664 861 7 014 642 7 312 368 7 529 217
TABLE 11.1 Summary of Total cost of two years'

operation for each operator.




LOST STORAGE (ML) TOTAL
TOTAL TOTAL COST COST TOTAL
PUMPING SYSTEM PER OF
OPERATOR COST DEMAND | MEGALITRE | MYPONGA | ONKAPARINGA | TORRENS | WARREN SPTRT LOST SRSt
(s) megalitres | SUPPLIED STORAGE
AUTHOR 4 774 202 $10.2/ML 1 312 47 047 43 672 - = $§ 947 19 $§5 692 121
465 721
OPERATOR | 6 150 750 $13.2/ML - 62 638 51 407 160 - $1 507 506 | $7 658 256
3
TABLE 11,2 Comparison of least and greatest cost operation

in 1987 - 89.
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that the large values of lost storage for the
Onkaparinga and Torrens subsystems are due in
part to excessive inflows at Clarendon Weir and
Deep Creek which could not be transferred into
the system storages and were therefore spilled to

waste.

What becomes immediately apparent from the table
is the large difference in total pumping costs,
of the order of $1.4 million. This indicates
that operator 3 pumped greater amounts from the
Murray River to augment storage than did the
author. The differences in lost storage among
the subsystems also show that, due to the larger
pumping, a greater amount of spill occurred under

the management of operator 3.

These two factors are responsible for the final
difference in total management costs of nearly

$2.0 million.

To see in more detail how this difference

occurred, the plots of subsystem operation in
appendix A are used. Three general points are
immediately obvious from an examination of the

graphs:

1. The quantity of pumping into the subsystems
by the author is lower, and is also left

later in the year than by operator 3.
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This naturally causes pumping costs to be
lower, but there is a corresponding heavier
reliance on natural inflow to help replenish

the storage.

This has its associated higher risk of
insufficient inflow which would require heavy
pumping (with great expense) to avoid the

storage registering a deficit.

Due to this avoidance of early pumping, the
author uses much more of the storage in the
Onkaparinga and Torrens subsystems. This
leaves less of a safety margin against

failure of winter rains.

Transfers from Myponga to Onkaparinga and
from Millbrook to Anstey Hill by the author
may be smaller but are more frequent during
heavy summer pumping than those of

operator 3. Such a method allows a lower
pumping tariff to be used because the load on
the pump stations is reduced - hence pumping

costs are lower.

Such transfers during summer cause a higher
risk of reservoir non-replenishment by winter
inflow, perhaps resulting in an inability to

satisfy demands in future years.
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Such results taken in isolation could be
construed as simply a chance occurrence of one
operator working more economically than another.
However, table 11.1 shows that this trend is
consistent for all three experiments. Of course
the sample involved in this research is too
small, and the range of experiments too limited,
to be able to use this as the foundation on which
any statistically significant conclusions may be
formed - but some interesting implications are
apparent with regard to conservative, as opposed
to non-conservative operation - particularly when
it is realised that the author is the least
operationally experienced model user of the
group, while operator 3 is by far the most
experienced, with several years of system

management background to call on.

In fact the group was chosen to obtain a range of
experience in the experiments, ranging from
insignificant for the author, to approximately
six months for operator 1, eighteen months for

operator 2 and finally six years for operator 3.

To give a picture of the variation of operating
procedure across the four members of the group,
individual operation of the Torrens subsystem,
the most complex subsystem, is given for the same
period in graphical form in appendix B. With the

inclusion of the remaining two operators, some of
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the space between the economies of the author's
operations technique and that of operator 3 is
filled in. Operator 1 pumps more and transfers
less than the author and operator 2 pumps still
more and transfers even less again. Thus
operator 1 is less conservative and operator 2
more conservative in this case. The distinction
including these two additional operators is less
well indicated by the experiments overall since
operator 2 is more economical than both
operator 1 and the author in the 1977-79 period

(table 11.1).

Conclusions

This research has not been able to explicitly
quantify operator performance in anything other
than a comparative manner. A further interesting
avenue of research would be to compare the operator
controlled result of a simulation with that of a
stand-alone computer model using one of the direct
optimisation techniques available and gauge
performance by investigating just how close to the

mathematical optimum solution the operator can

reach.

On the other hand, it has been possible to
investigate and quantify an economic measure of
each operator's performance in the two year
periods. Two years is an extemely short time-span

in the management of a reservoir system and it
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would be erroneous to isolate anything more than
indications of operator tendencies. The
experimental results may be considered as three
sets of snapshots of the range of system management
which may be expected from different operators.
Taking the 1987-89 period of operation as an
indication of the management approaches of the four
individuals, it can be seen that a less
conservative attitude towards system operation
suggests significant economic savings. It was
acknowledged in an earlier chapter that a
non-extreme data set was chosen to provide
approximately normal conditions for the model.
Thus while conservatism has not proven its worth in
these experiments, many more simulations over a
wider variety of seasonal conditions would be
needed to determine whether the economies of higher
risk do in fact pay off even for severe drought and
flood conditions. The political consequences of
restrictions or floods would also have to be

considered.

This, however, is not the main result of the
exercise. Neither is the indication over only
three simulations that one operator is more
economical than another. The main implication to
be drawn from the results is that despite a common
knowledge of the water supply system and its
operation, four individuals do in fact operate it
differently with sufficient difference to be

economically significant. It is suggested that
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this variation, while tempered by experience is
inherently due to the personal approaches to the
trade-off of security of supply for economic
bonuses, in other words the personal "gambling"
tendency. With the range of results showing cost
ranges from $0.75 million to $2.0 million over just
two years operation, albeit under controlled
conditions, the potential appears to exist for the
saving of many times a system manager's salary if
his capacity for risk assessment can be effectively
matched to the system requirements. Massive scope
exists for the investigation of this relatively
unexplored field and the benefits in terms of
system operation and economics would definitely
prove to be an advantage to the community served by

a system so managed.

The second implication of this research concerns

the gaining of experience.

That inexperienced individuals - operator 1 and the
author - who have had limited experience of real
system management, can perform well on the
simulator, after an initial period of
familiarization with the system management
techniques, indicates that the use of such a
simulator in the learning phase of system operation
can prove very beneficial to a manager's overall
view of the system, resulting in a system operator

better able to cope with system vagaries and more
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capable of improvements in system operation than an
equivalent novice manager without such prior

background.
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ALALLHL DY NTNIP\uJi”Jy)fU'Mknvl”)v:]U'N'(Luvl’ﬁvﬂrNM (@2
I ¢
ARESULTAPERFRMOY ¢ @yﬁ)y&Y‘slh(éviﬁyl?!u«Y“FM!fd)llyh'uP

WaRSFL y HAPVLY s TOTOEMy TETDEMy TETIMNF o FEPF

[

LOGICALYL ISTART(E) v STRMG (A » TONTRL. (&) » TEAT »

TRARCA) v ICALCCE) v TETRT » MYF y NOTRANy MLLERK ¢ THRCPY » TCONSDS ) »

LPARAy BFARA Y IXS

SET PRESCRIBED ERROR CONDITIONI
T.E, FOOL PROOF THE DaTa INPUT

Call, ERREET(AGs LeQrloOwd

M-

TR TNG

INTRODUCTION AND PROMT FOR DATAL

DETERMINE THE REGIOM TO RBE SIMULATET.

Call, CLE

Call, TNIT

TYPIEL

FORMAT (23X 7DD YOU WISH TO CONSTIDERS /7

X 7L SOUTHERN SYSTEM OMIYT7S

HX v P2 NORTHERN SYSTEM ONLYT S

Xy 73S WHOLE METROPOLITHN REGIONT 7/

AX PTYPE THE REQUIRED INIEX MNUMEBER @M
g TINTEX NUMBER:= 42

ACCERT y TIONE

FORMAT (T2

DEFINE THE MINIMUM AN MAaXTMUM
THYSEMMNy THYEMA

GOTOIR e d e B TZON
TEYEMMNa= ]
TFOTZONE . SQT0S
TEYSMX =2

(3 [ T L6

IR MN=S

CONTINUE

FROMeT FOR YEAR MONTH AND DIURAT

FRE &

[9
Wl

Uk

SIMULATION.

L L

SUBSYSETEM MUMBERES

IO

0

SUMLMATEON .,

DONTROLS

YMAX L2y



i

[ B I A

T3y e

X

TYRE?Y

FORMAT (/2% “PLEASE SPEDIFY THE YEA&R AND MONTH IN WHICH®/
DX CTHE SIMULATION 5 TO FIR SRR CHOTE S DATA FILES 8TART

TN JaNUARY 19747 76Xy "STARTING YEAR= "%

ACCEFTE IYEAR

FORMATCL4)

TYPE?

FORMAT (AXy *STARTING MONTH (L= JANUARY ¢ L2=DECEMRIZR ) =" %)

ACCERPTZy JMONTH

TYFELD

FORMAT (/72X ‘FOR HOW MANY YEARS I8 THE SIMULATION TO RUNT?/
X TTIURATION="%)

ACCERPT2y IVEARE

CALCULATE INITIAL VaLUES OF VARIARLES AND STARTING
FOIMTS TN THE DaTa FILES.

NOTEZDATE FILES START TN J&MUARY 1976,

DETERMINE THE FIScal MONTH FROM THE CALENDER MONTH.

R O IMONTH-1 178
TMONTHe= JMOMTHA OO0 LRk ks

DETERMINE THE STARTING ANl FINISHIMG POSITIONS IN THE
naTe FLLES.

MINRECS (TYEAR~1976 )KL 24+ MONTH
MAXKEC=MINRECH (12~ THONTH) + ¢ TYEARS~1) %12
MONTH=MTHREC
TEFFL Y-
FROMPT FOR STARTING STORAGES IN RESERVOIRS.
CALL STINIT(ISYSMNy ISYSEMXy TRANDE » STOR, TMONTHy & STRMAX)

SET URF MILLERDOKSS STARTING STORAGE TN THE SERVICE
RESERVDIR ARRAY .

TF{TAYEMY ER &S CTHONTH e 40 =8TORSy 12
NOW SET UP THE SCREEN FORMAT
Call SCREEN

FETEMS T BE CHOSEN BY MARING
TRVISIRLE T THE LIGHTFEN.

ALLOW ONLY THE
THE OTHER SLEBEY

SCTET SUBS
MENL TTEMS

Do td AdSYS=1eé
TFOISYS CTOYEMN. AND . JEYELE L TEYSEMXOGOTOLL
Gl UFP(J&(JJ

CONTINUE

OFEN FITLES
THTE .
‘l.ULh11\V ?

AMIE REAT DaTa
Tér WHTICH REMAINS CONNSTANT THREOUGHDLT THE
MELSER UPTATED .

CALL RETATRISYSMN TEYEMY oy DETINF ¢ MAXFMP o FMPQNT » FRFLET ¢
ELSRFRND

SETOUF THE SUBPICTURES FOR ALL THE SUBSYETEME UNDER
CONSTUERATLION .

SYSH=THYEMN THYEMK
TRANGE CTSYS» 1)
Mh”hhathﬁN TSy Sy 30
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CALCULATE STORAGES ON THE BASIS OF THE TMT TIal Datao,

Call. CaLesT

INCTHIS CASE RARDRY I8 USED TD DEFINE ANIE DRAE THE
SUREYSTEM llLTURES¢

N TEYS=T8YSMNy TSYHMX
FINREG=TRANGE (T8YS, 1)
MAXRES=TRANGE (1T8YS 20

Chald. Bﬁhbh(?TUhsqylMUNTH)

INITIALLIZE “IS8YR FOR CONVENIENCE WHER CALLING THE
FIRET SURSYSTEM OF THE SIMULATION.

IHYE=0
OEFINE THE FROMPT FOR & SUBSYSTEM.

T SUUP(?O)
DFF 00

CQLL APHTIO s 140 v v =3 w11

Call, TEXT{-2y DHONSE SUREYETEM WITH THE
LITGHTFEN FRO L MENLD LIST aT THE

] St RTGHT OF THE EN R

HLL LB E G

NOW THE FROGRAM ENTERS THE MAIN CONTROL LOOF

INCLULE THE YEAR»MONTHAND DURATION OF SIMULATION IN
THE SCREEN LayYQUT.

Cral.L TIMEET(JHUNTH?MUNTHyMINREEyIYEﬁRyIMDNTHvIYEﬁRS}
GOTOLS

ITFOIN CHECK? MOUEyRESET TRRUK.
TFR W=
TURN ON SCREEN AND SURSYSTEM FROMPT .
el ONCLOO
Calh ON(S0 0
Calll CLR
TRANSFER T SATELLITE TO RECETVE LIGHTFEN NOMINAGTED
SUE SYSTEM .
NOTESUSE OF SaTELLITE T8 FOR RAFTD RESFONSE TIME,
Call, TOSATLOOyLel el

LAll, FREAT(Ls 1y TEYRTM
Call, QFF (50

DEFINE THE LIMITING RESERVOTRE NUMEBERS FOR THE &L

MINRE %IRﬁNGE(IﬂY“TMA15
P X TRANGE (TSYSTM

ITFCIS8YS. EQ.0p0ToLs

LFONOT FIRSY TIME THROUGH B
WHITH HAVE ALREADY REEN aCDE

T

DO 18 JS8YS=T8YEMN e TEYSMY
GALL FOINTROL, JSYSe2)
TFCTONTRL CISYS Y JER. O GOTO LY
CALL INTENSC(Lya)

LGHTEN ALL SUBSYSTEM TITLES



17
e

18

29
3

Fl
32

LOTOLS
Call, THTENSCLeE)

TLURN OFF DLIO SUESYSTEM PICTURE AND TURN ON THE

Catl OFF CISYSRI000)
Coll ONCISYSTMX1000)

NEW SURSYSTEM RECOMES THE CURRENT ONE
ITHYS=T8YSTM

TFOIN FREVIEW MODE TURN ON & SYSTEM PROMET
TECIFRUM, EQDCALL ONTSED

ADJUST THE SCREEN TITLE.

Call, POINTROL 100943
GOTO20y 21 v 22, 3¢ 240200 » 1HYE
Call, CHANGT Ly "MYFONGA )
GOTOZ4

Call, CHANGT (L » TONKAFPARTNEA )
GOTOZES

CALL THANGT (L "TORRENS 3
GOTOEE

Call CHANGT Ly "WARRENANTH 2
GOTORA

CALL CHANGY CLy “SQUTH FARG )
GOTOES

Call DHANGT L TLITTLE FARAT)
CONTINUE

ALLIIET THE PUMPING CONFIGURATION TITLE TO SHOW
STATION AND VOLUME PUMPED.

o 27 NRES=MINRES MOXRES
TF(ABS(TRANSF INRES» 220 GT .10 GOTO2E
CONTINUE

GOTOX?

TFOPUMPFING 18 FOSSTRLE FIND THE CORRECT PUMESTATION.

TESETN=TINTCARE CTRANSF (NRES 2 20
FRINT THE QUANTITY FUMPED EX-~PUMPSTATION,

Call, NMBROLLSy TOTPMPCIPFETHNI v &y " (FH.00 72
MAX=MAXFMP CTFSTN

TURK ON PUMPING SURBFTCTURE . ?

Call, OM{ZD
Call POINTROLy 7022

MODTFY FUMPETATION TITLE.

GOTDCEPeT0» 300 TPETH

Call, DHANGT Ly "MURRAY BRIDGE?
Call, CHANGTOLe "MANNLUM )

GOTD32

CAall CHANMGTOLy “SWAN REATH 2
CONTINUIE

THERE IS A& MAOXIMUM OF 4 PUMPES AT ANY FUMPFSTATION
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TFOMAX~4, K. 0 GE0TOES

TF LESS THAN 4 PFUMFS ARE AVATLARLE, TURN OFF THE
UNNECESSARY MENU TTEME .

U0 33 IFIC=100+MAXy 104
Call OFFCIRIC

TURN ON THE REMAINING FUMF MEMU TTEMS

O3S IPIC=10L1y LOOAMAX
Call, ONCIFLIG?

TUHRN DN THE OTHER TTEMS

N0 o3& IPIC=1005 114

Call. ONCIFRIC?
TFOIFETM ER. 2 Call. OFF GG
GOTOIY

TF NGO PUMPING 18 AVATLABLE TURN OFF ALL FUMP MENUS .

DO 38 ITRIC=101y114
Call. OFFCIRIC)
Cal.d. OFF 022
CONTINUE

CrFY THE

BEFORE FASSING CONTROL TO THE SATELLITE.SPZCTE
ELLETE

PUMEING VARTABLE IFMP FOR USE IN THE SaATEL
FROGRAM .

ITFCISYSE.ER. 130607041

TFOTHE SURSYSTEM 16 NOT MYPFONGA C=NO PUMPINGY THEN EQUATE

THE SATELLITE AND HOST PUMPING VALUES.

LFHF=TRUMECTFSTND

GOTOAR

TFMF=0

SET UR FROMPTS FOR LIGHTREN INTERADTION.

«
.

Call, SURPCEL

Call, DFF (R

Call, AFNT(G v 140y v -Ze -1

CALL TEXT-2.7 THE FUMPING CONFIGURATION AND7vy
Le=2e’ BYSTEM CONTROL MENU L GOARE

SANY FOR LIGHTFEN LTMTERACT TN

Ly REAY
Call, ESURCEL
Call SURFCED
Gl DFF !
Oall, GPNTOO v L&Dy v =B 10

Call TEXT (-2 NOTE DTN FREVIEW MODE "D
il ESLT
Colll, OFF )
Gl OMCEL 2

FROGRAM 1S READY FOR SATELLITE CONTROL T REDUCE
RESFONSE TIME .

DAl TOSATCLOLsZe 2 IPMP e Ly TEYE v Lo THATS
CAll FRSAT(Sy 2y TFMPFe 2 TTRN 2« TFRVWD

SET FLAG FOR PROMPTING SUBPICTURES
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Toa =1

To OFROM THE SATELLITE PROGRAM TO MODTEY
Fraadd VL UES .

fGE THE RESLUL

HE HOGT FROG

TURN ON FREVIEW INDICATOR.

TFCTFRVH . EQ. 10 CALL OHfT“Y“W1000+P03
TECTRFRVW, EQ, ~10all. OFF CI8YEklo00+20)

UGE TRFRVW TO CHECK WHICH FROMPT SHOULD BETURMETD ON.

WRTTE (LD e 4200 » TFMPy TTRN FFRVU
FﬁRMﬁT(EXy’IPMP?’?IQv’ITRH?’yIEy’IPHUMi”yIE?
Cotd, OFFED
Call. OFFCE
TFCIFRVE . 1orcall, ONCEED
TECIFRVW, GT . -1 GOTO44

TEOITN CREVERTS MORE RESET TO INITIAL COMDTTIOMES .

Coll BARGBROSETOR S TMONTH?
GOTOAS
TFOTEYS .

LaG0TO45E

TFOTHE FUMPTING CONFIGURATION HAS BEEN CHANGED TN THE
GATELLITE  MODTFY THE HOST FUMFING Uik T aBLE .

TE CTEMF ME . TEURP CTFSTNY Y TEUMPCIRETN Y = S

IMUFCHTF‘

WHETHER @
SO0R WHETHER A
cOTHERWTSE

THE thH%IIh VaFTARLE TTRM
TRANE T ODCURTING BETWEE
STORAGE T4 IREZG[JIIQ]ZNHB FLMPET
TTRMN e

”|||]k 1

GOTOCAA 470 48y 4950 B10» THYE

MYFONGA TRANSFER TO H&PPY Val .y’
e LT RN

PUMPING ITNTO MOUNT BOLDP

EUMPING TNTO MILLBROOKRT

PUMPING TNTD WARRENT

FLMPIMG ENTO S0UTH FaRAT

FUMPFIRNG THNTD LITTLE FaRAT
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ADLIUET TRANSF TO ALLOW FOR OTHE EFFECT OF TTRMN.

TFONRES NE . @IGOTEE

TF WARRKEN RESERVOIR DEFINE TRANSFER FROM MANNUM/ADEL AT
FIFELTNE A% REQUIRED.

WARTRMN=4215,
TFCLTRNER LI WARTRN=0,
GOTON4
SET THE CORRECT SIGN FOR THE STRANSF ARRAY.

T

-

PAMGF ONFE S 2 = D TRNEARS CTRANSF CNRES » 230

IO TRANSFER REQUIRETS TRANGF 0.
SET TRAOMSFER VARTARLE S TRAN =0,

FOTRANSF ONRES » 27 s LT, 06 r TRAN CTEYE =0,

TFOIN CCHECE S MODE RETURN TO THE FROMPT FOR & MEW

GUREYSTEMN .

TFCTPRVW B LO3GOTRLE

DETERMINE THE MODE OF PROGRAM OFERATION. THIS
ELTHER DETERMINISTIOC (PREVIEW! OR STOOHAGTIC
(FInal ACCERTY .

TFOTFRVW G NE, O3 EOTOET?

TFOTHE CONFIBURATION OF THE SURBYSTEM 18Y&7 HAS REEN
ACCERTED (ITFRUWW=0Y » ATN TEYE T THE CONTROL ARRAY .

TONTRLOISYS) =1

CHECK WHETHER Akl SUBSYSTEMS UNDER CONSTDERATION HAVE
BEFN ACCERTEDS ARE THEY ALL TN THE CONTROL aRRAYT

[y EHE s BYSMNy TEYSME
FFOIONTRL CIEYE) LNE«L3GDTOSE

SOTOER

IF ALl SUBSYSTEMS MAVE NOT REEN
T8 NOT YET READY FOR STOCHASTLIC
FREVIEW MODE (TFRYW=1) .

AUDEFTED THE PROGRAM
HoanNDe S0 REVERT T

TR ==L
GOTOL&

TN FPREVIEW MODE

EODETERMINISTIC DaTa T CalOCulLATE
BTORAGES IN DaLCET.

TFCTFRGWEQ . LAkl Caltsy

HERE “RARGR TS USED TO MODIFY THE BapiRaFHS TN THE
BURSYSTEMS

.y
w o

Call. BARGROSTOR G ITMONTHD
CAll, NMBROLLS TOTFMFCIPSTNY vy 7 F&.00 73
GOTO4G

TFOTHE SYSTEM I8 READY FOR STOCHMASTIC DaTayEXPLAIN THE
CONDITION TO THE OFERATOR.
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030 O

. J

LoEon g

T

. SMINREDYGOTOS?
LALm SUHP 'l
Catl OFF (53
Cal.l, AFNT O, v LAG, » v = Fy 1)
CALL TEXT(-2y 0 THE WHOLE SYBTEM I8 NOW »1e.
=2 BETNE BALANDED. )
call. ESUBCEED
ALl DNCEED

TF STOOHASTIC DaTa REQAUIREDY RECALCULATE STORAGED .
N0 &l ISYS=T8YEMNy THEYEMY
MINFRES=TRANGE CESYSy 1
MR LANGE CTRY G )
Cali. CalGET

GEETGN THE NEW VALUES TINTO THE CDRRECT ARRAY

D &0 MREEES
STORCNRES«

FETHITIALLISE THE CONTROL ARRSY FOR NEXT MONTH

TONTRLCLEY G2 =0

TUEM OFF THE FREMTEW INDTCATOR

Gl DFFOIaYSX100042070
CORNTINUE

TRARGR USED TO UPDATE STORAGGE GRAFMS.

= TEYSMRNy TEYHMX
CTEYS Y1)
TEYH»2)
PTOR e 8w THMOMTH2

REMENT MONTH TIME STER ANl CHECK WHETHER 1T HAS
AUHED THE ERD OF THE STMULATION.

‘ATQEH?GHTDéH

TFOSTTLL WITHIN THE TIME RANGE» TNCREMENT THE OTHER

TIME VaRTakLES AlS0.

TN T = IMDATH*1
AMONTH:= ;
TF CIMUON II
TFCHADRHTH 6T,

FROMPT FOR A& NEW S8 SYETEM.

GOTOED
AMONTI
TYEaR
T

FETURN TO RESET TIME.

GOTOLS

FROMPT FOR OUTEUT,

Calll.
sl
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CAlLL AFNT(OevyLA&0 v p=Ey—1)

CaLL TEXT(-2y D0 YOU REQUIRE A PRINTEI COFY e
L=y 7 OF THE STORAGE BEHAVIOUR S

CALL TEXT(Lle=2y DURING THE SIMULATIONT
Le~2y TYFE "Y' FOR YESy "N" FOR N0

Call. ESURCEAD

TYFE&E

FORMAT (EXy “ANSWER=" %)

GOOEFPTE? v ANGWER

FORMAT (AL

TFCANSWEREQ. N7 2 BTOF

LAl ﬂUTHﬁT(MINRECyMAXWECyIHYGMN?ISYSHX?ISTMINyISTHQX}
aTor

ENT

THIS RLOCK DATA SURPROBRAM DEFINES AlLL THE THITIAL
CONDITIONS FOR THE FART OF THE SIMULATION.

T ALED CONTAING THE ONGOING DFERATING BTORAGES FOR
THE SERVICE RESERVOTRES .

BLOCK DaTA
COMMON /STDRHQTKPH%TDR(lE)yﬁTRMﬁX(lE)y%TMﬁX(iﬂ}ySTMIN(lﬁkv
MﬁXFIN(iR?yMINFIN(lﬁ)yFHﬁﬁyCSTHLlpFHﬁCTNyCDSTKL
SCORDATATHYE y MINRES » MAXRE Sy TFRVW
/DDRPMP/PMPGNT(Byl&y@)yPNPCST(Bylﬁy4)rIRﬁNGE(&varIPUHP(E}v
TSYSMNy TEYSMY y SUMCAR (3 » FUMP (3 » TEOFy TCFY
THIDCRY » TCONSGD :
!CUHCQL!DETINF(évRylﬁ)vMYPTHMyTRﬁNSF(lE»R)vSTﬂH(leﬁ)yS(lEyiR?y
TMONTH s MONTH» MEINREC
COMMON /CﬁLPMP/PIPDFT(%valE)yIMUNyISTMIN?ISTMQK?DEMMIL?
WARTRNy MAXFMF (3 v EXSMTL
LOGTCALSL THOCPY » TCONSINGS)

MaxX STORAGES

naTa STHMﬁxfﬁégQﬂé94?3000?6e?12?006yo#?léﬁoOﬁVEQQQGGPBQ?Oﬁy
BO80., s HLIF00. e AHL0. 0 Z1A00

DEFAULT MODE AND FUMPING DATA
TRFRUWy TRUMF /Lo BH L1 .

THE STORAGE NUMEBERS ASSOCTATEL WITH THE GURESYSTEMS
THRANGE /1y 2eSe®e 10y 12y Ly o8y ® v bl vl E

INTER-STORAGE TRANSFER aNI FUMFING CAPALITIES

TRGNEFKIE$0¢yw0+024@va14155393*94yw2+083?&y2$ﬂ+y3&@231y

w R ORFL0 v Qe w2 000y
DEFINITION OF TYPE OF STORAGE
$TUR!12*G+yleyl+vw1049@¢ym39¢91¢y1evﬁﬁy1¢v1+y0§y1¢fy
OFERATING RULES FOR THE SERVICE RESERVOIRS

ﬁfﬁé$0¢y3*8Q90+leOOQevllOO@¢yQ*lﬁOOOo911G0099$*90ﬁﬁ¢y2$3@O04y
TEKO 5 ¢ IRZ000 . v HREOC0 . v ARDOCQ . » 2AK0 . w LI2KA000 . v 12XQ S

STORTING VALLES FOR THE RANGE OF PLUMPING BTATIONE USED

TETMINY TETMAXAZv 17
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FROGERAM SATRRGS

THIS 15 THE PROGKRAM USED I THE SATELLITE PROCESSOR. LT
RESPONSTRLE FOR PROCESSIHG all LIGHTPEN HITS AND ALS0
GOME LIMITED SCREEN MANIFULATION.

THE REASON FOR THIS FROGRAM 185 THAT LIGHTFEN TNTERACTLION
TOO SLOW IN RESFONSE TIME WHEN CONTROLLED FROM THE HOST
COMPUTER

SUBROUTINE USRESATIR. D)

LOGICALYL B(&0)y TSAT ISET

DIMENSTON JFUMP (3o JJEEe 20 TONTRL C&) » IFTCUEED
DaTa JJ L eSeBedy 7127

aTe TRLE:

T8 10 L1y LIl 12 LS,

CHECK THAT TRANSFER HAS BEEN MADE TO THIS SUERROUTIME

TFCL G ER-QORECLY LT 100 0RBCLYGT 101 RETURN
TECROLY JEQL00GE0TOLO

DELAY MATN PROGRAM
Cat.l. THOST (42

CONVERT DaTa INTO USARLE FORM

TF MYFOMGA SUBSYSTEM SKIF FUMP SETUR
TFOISYSER. L E0TOS0

SET PUMPING CONTROL 7O "NO FPUMPTNG®

TFOTSAT NE L DR TARS CTONTRL CESYEY 3o NE 1) TENTRL CLHYE b
TECTFMF e NE . JPMPaGOTOL]
TFCIGATER. L aND, T8EYSTM. FQ. THEYEIGOTRYG

SET OFUMPING CONFITIGURATION

ITa2=0

JPUMPCL Y= TRMP S LO0

JFEUMP O TEMP-- P UMP CLINL QO 10
JEUMPCE Y s L ME - P UMP LD R L OO P UM O XL

TURN DFF FLASHING FREVIOUS PUMP CONFIGURATTON

L

noo J=10L el
Ciltbe POINTERC
Call. FlasHil

TURN ON MEW FUMF OFERATION FLASHING

ney 2 J=1s3

TTe=1 004+ dPUMPFCIY+ CRICd e L2102
Call. FOINTRCIZ,TT?

CALL FlaaSH o121

GEOTNYO

T8

TP eBedeTode @)y SRy RE 2101y 102 10T 104 LG 106Gy LUV,
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103
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200
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DELAY MA&TN FROGRAM

Call, DHOSET L
GOTOLOO

TURN ON LIGHT BUTTONS = CHECKy FREVIEW, ACTERT s REVERT

no 9oL IT=21.24
CAll. DNCIT)

BRANCH ACDCORDING 70 SURBSYSTEM

A

T TR ](HT'IR|°Y¢7

TEFLTSYS BN TUYCIM)GUTUIO@
]FflbYS+DreA i
GOTOCI0L » 302
TTed @24 K 1TFN"‘
GOTOAL Ly AL2y s (F3-TTHRMN A2

IIIN3’°

FRERFGRE TD CHEDK FOR LIGHTFEN HITES

THIT=0
Co Ll GRATTNCLy TRETRN 13
Gl LFENCTIH T7T)

CHECE WHETHER THE LIGHTFEN HITS AN allLOWaBLE GCREEN

0O 102 NN=1yZé
TFOTTEQIFICONNI 2GOTOL03
GOTOLOO
TFOTH.EQ.03GOTOLO1

DO NOT REGISTER THE HIT UNTIL XIT HAS OCCURRED FOR G

THE Ta=THITH
FFOTHIT LT SGE0TOL01
TFAOTTOT 0G0 ISET=0

DD ONOT ALLOW MULTIFLE PREVIEWS
TFOTT2 B0 TTaND TTER 2L AND TEET JEQR. 120070100
BRANCH ACCORDING 1O THE SUBFTCTURE TH&T Wad TOUZHED

TFOROLY (ER 100 AND . Lo LETTANDITLE & ERTRZ00
TFORCLY GERLLQOIGOTOLGN

TFOTT.GT . 10002GATOIC0

TFOLT.GT 200 GOTIOS00

IP{IT*BW¢$0)MJ]UbOU

GOTOLOO

MAVING CHOSEN & NEW SURSYETEM: RETURM TD MalN PROGRAOM

CALL FOINTROLLS IT22)
GALL INTENS(LLs8&)
CALL TOHOST (Ls IT)
THAT=0

RETURN

MANTFULATION OF MYFONGS SURSYSTEM

UTU(WOIv40RyHOIy A2y IT-1000

ELEMENT

TTERATIONS
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A020

C
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C
400

s
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L

410
411

4132

CAtl POINTROIZ2, 1005
CAall, FLAGHIL2: 12
Call OFFC1G0&)

Catl. OFF 10675

GOTDLOO

ITRM==-1

TFCTABSCTONTRL L) Y S NE 1 GOTOEGI0
Call POINTROLZ2.10052

Call, FLAGH(L12y~1)

CALL OMNL1O0&)

Call, ONCLOOY)

GOTOLOO

PMPLNG COMTROL

TFCET G 1LE2GOT0410
|

TFOIT .G
no 405 1:
ST FDTNThtlf'
Call FLABHOLD,
JEUME ONLIM T

Lye JPONUIM e 20
TMHMH

L

CAOOE LD CNUM e Ly

tT2

Cal . POLNTROLS
Cald, FLASHILZ2 1
GOTOLOO
GOTOCALL e AL2) (LT 0130
TTRR=1

call. F
cal.l. T«
ITFOls
GOTOALE
T TR,
Call FOINTROLZ2y 113D
Call, ORCTEY SN
TFETHYE.EN
CAll, FlLASHILZy -1
Call, POIRTROL2: 1T
Call, FLAGH LI 1
GOTRLGO

OINTRECLZ201470
FEOIEYSHLO0
LR CHYDALL OFFIEGL

EYGTEM CONTROH.

CAall OFFOLT)
GUTG&SlG&&EOvﬁSQ?ﬁ#QDﬁ(ITwﬁﬁh
TFR 1

GOTOSL0:
P Fel s -
GOTOA101
Ilh“w 10

CONE W REQUIRED DaTa AND RETURN TO MalM FROGR

TF I EG. L GOTDS1

JPMEE JFLME O L 00 JEUME (2R Qb P LME CF )
IT2=17

rgAT:

lﬁwﬁTMT“’

TONTRL CTSYS) =1

Call TOHOST (R JFMF
RETURN

ENI

Yo ITRMy 2w TFRVWD

P
=117



G SURRCOUTINEG STINIT FROMPTS FOR aND RE
lfl’ FOR AL THE SUESYSTEMS UNDER CONSEIER
G L0040

ELTVES THE SBTARTING STORAGES
AT IOM.

SUEROUTINE STINITCISYSMNy ISYSMXy TRANGE y STORy TMONTH» &8y STRMAX)
DIMENGTON TRANGE (&y2) y STORCLIZ:2) v 80120 12) y STRMAX (12D

INTEGERX4 ISTOR
¢ FROMPT FOR STORAGE SSTARTING AT FIRST SURSYSTEM REQUESTED.

ISYE=TEYEMM
14l M [RANGE(TEYS 12
JRE S
143 TFASTOR(NREES 2 GT.0.06G0TOL43
GOTO2L2
1473 GOTOCLED v LA0» 170180 1902000 THYE
1350 TYFELSL
18 FORMAT (A /425 “8TARTING STORAGE FOR MYPFONGA S/
¥ O2Xy T (CAPACTTY=24800ML )= "4
GOTO2L0
140 TYFEL&E
L&2 FORMATC//72%y PSTARTING STORAGE FOR MOUNT BOLIZS
X 2y TCLAPARTITY=4FX00ML Y= %)
GOTOZLG
170G GODTOCLFL v L73EY y JRES
171 TYFEL7Z
172 FORMATCA /772Xy *STARTING STORAGE FOR MILLERROOK/
* 22Xy (CAPACTITY=14800MIL.2="%)
GOTOZLO
173 TYFEL? 4
174 FORMAT (22X “STARTING STORAGE FOR KANGARDO CREERK?/
¥ 22Xy (CAFACITY=24400ML.Y="4)
GOTO210
12¢ TYFEL181
181 FORMAT (/772X “STARTING STORAGE FOR WARREN‘S
¥ 02X T (CAPADTTY=5080MLY="4)
GOTO210
190 TYFELS2
192 FORMAT (A A7 72Xy PSTARTING STORABE FOR SO0UTH FARAS
X 2%y T{UAFACTTY=S51300ML =" %)
GATOZLO
200 TYFREZOL
201 FORMAT (/7725 “STARTING STORAGE FOR LITTLE FARA’/
¥ 2Xy T (CAPACTTY=21400ML =" 4)

ACCERT STORAGE VALUE

210 ACCEPT211 « THTIOR
211 FORMAGT (LS

AGSTEN VALUE TO aRRAY
STORMRES ¢ 1 =FLOATCTETORD
0 FREVENT EXCESSIVE STORAGE BEING SFECIFIEDR

TFASTORNRES » 1) 6T STRMAX (NRES) ) GOTOL 43

(2 SET MILLERODK S OFERATING STORAGE T0O CURRENT VALUE

LGTMON=TMONTH-1
TFCIMONTHEQ L Y LETMON=12



BOLETHON & =8TOR (& 1
£ INCREEMENT STORAGE NUMEBER
PP 4

LI
212 MEE G e NEE S
TFONRES LE . TRANGE CTEYE 20 G0T0L 42

1
I

87008 NI OLONGER IN SUBRSYSTEM “18YS7y

E
6 ¢

I TE GTORSEE MR
% THOREMENT 7 L8Y

<

LB TEYSEME Y GOTOLAL
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SURRQUTINE TIMSET MODIFIES THE SCREENM DIFLAY OF THE MONTHLY
FROGRESS TN THE SIMULATION.

=000
SUBROUTINE TIMSET (JHONTH MONTH MINREC IYEAR» IMONTH TYEARS

COMMON Z/SETUR/IRARy ICALCySMAX (&) » XMINCLIZ2) » YMINCLIZ2) yYMAX (12D »
ICOUNT» ISTRT e MYF s NOTRAN e MLLERK s LFARAy SPARA Y IXS

LOGICALXL STRNGB(SY s IRARCAE) » ICALCCS) y ISTRTy MYF ¢ NOTRANy MLLERKY
LFARAy GFARA

CAalL FOINTRCL» 100G 8

CHECK WHETHER STARTING A NEW YEAR OR FIRST MONTH OF
HIMULLATION.

TFCIMONTHEQ. 1 ORGMONTH EQ.MINREC)GOTOL
GOTO2

MODIFY THE YEAR

CALL ITOACIYEARy 4y STRNGD
STRNG () =0
CALL CHANGT (L » GTRNG)

MODIFY THE MONTH

ALl ADVANG (1 »4)

MON=TMONTH

CALL MNTHCMONy STRNG?

Call CHANGTCL» STRNG)
TF(MONTH.EQ. MINREC . OR. IMONTH.EQ. 1)GOTO3
RETURN

INCREMENT THE DISFLAY OF THE NUMRER OF YEARS SIMULATED &

HBTRNG(3) =0
TF(MONTH EQ MINREC) TCOUNT =1

CAll. ATIVANC (L »4)

CALL ITOACICOUNT» 2y &ETRNGD

CALl CHANGT (L STRNG)

IFCITCOUNT e LT TYEARS) TCOUNT =T COUNT 41
TFOMONTH . NE . MINRECYRETURN

Call ADUVANEC(L.4)

Cal.L TTOACTIYEARS 2 v STRNG?

Call, DHANGT (L y STRNGD

RETURN
ENT



» GUEROUTINE REDATRS READS THE ONCE ONLY DATA WHICH REMAING
» UNCHANGED THROUGHOUT THE FROGRAM RN,
z

SUEROUTINE REDATRCISYSMN TSYSMX y DETINF y MAXFMF » FMPANT v
¥ PMPCSTEVAFN)
G
DTMENSTON DETINF (62 12 s MAXFMP (Z3 s PMPANT (3916240
¥ PMPCST (v 1694) s EVAPNCLEAy 13) v XT1L3D
C
[ AVERAGE MOMTHLY INFLOWS
[ Q0% AND 10% FROBALILITY TINFLOW
C
OFFENCUNT T=7 s NAME= DETEINFL - DAT 7 o TYPE=DLD y ACCESS= "TNIRECT v
¥ FORM=FORMATTEDR )
NES)

TEYE=TGYEMN
PO M= CTEY SMM-1 2 R2+1
00 230 TREC=MIN TEYSMXKZ
READC? TRECs 215y (DETINFCTSYEy by MOND o MON=1 212
2015 FORMATCLAFY .00
TFCTISYSEQ. TEYSMX AN, J B 2)60TO230
TFCHERZ200TO220
NENES
GOTNZEO
220 TayS=1ays+]
Wl
2R0 COMTINUE
CLOSE CUNIT=2)
n TYFER2E
2zl FORMAT XX ZENIU DETINFL

FUMFING DATA

OFENCUNT T=7 s NOME =7 FUMP DT 2y TYFE:=“0LIN )
250 READC? 260y ENI=290) » (X (T v Il 8D
2460 FORMAT (BFY 32D

© CHECK WHETHER DaTa INDICATES A& DIFFERENT FUMFSTATION
TFEXODIY T QL 2GOTORTC

™ TF X110, USE THaAT LINE OF DATAS TO FIND WHICH OF THE
C FUMPFSTATIONS IS INDICATEDAND THE NUMBER OF FUMFS.

TRETMN=TNT (ARE (X1 )
MAXFEMP CTPSTN = INT (X (2D
NT I M=
I TYFEZ&L e TRETHNy MAXFMP CTFETND
[ FORMAT C2Xy " TFETN v T4y "MaXFMP v 14)
GOTO2EO

"
G ASETEN THE VALUES IN ARRAY X7 TO CORRECT FOSTTIONS
o T THE STORAGE aARRAYES

270 MF LM G

M= MAXFMP LIPS TND

D280 Isle (2KMAX-10 2

FMEANT CLFSTNy NTTME ¢ NFUMPFE Y =X (12

FMECET CTFSETN e NTIME » NFLUMF& y=X (1410
& NP S




FORMAT (2X e CEND FPUMF )

3
~3
bt

EVAFORATION DATA

DATA FOR ALl RESERVOIRS IS IN ONE CONTINUQUS FILE SINCE
EACH RESERVOIR HAS A DATA SET OF A DIFFERENT LENGTH.

oo oo

OFEN(UNIT=7sNAME="EVAF , DAT * o TYFE="0LLI")
D0 310 IREC=1s1353
READC(Z 2301 v X
301 FORMAT C(L3FY .03
no 305 IMON=1y13
305 EVAPNCIRED y JMON Y =X CIMOND
310 CONTINUE
F20 CLOSECUNIT=7)
0 TYPE3ZL
32l FORMAT (2X» CEND EVAF )
RETURN
ENTY



SURROUTTHE QUTDAT: READS STORED DATA FOR THE STMULATION AN
FROVIDES AN ORDERLY QUTPUT FORMAT FOR EXAMINATION

SURRKOUTINE DUTDAT(MINRED » MAXRECy TBYSEMMe TEYEMXy TETMIN« TETMAXD
DIMENSTON X(14)

SET OINITIAL VALUES

CALCULATTION OF MONTH NUMEER (FINANCIAL YEARD
KMON=MIHNREC- (MINRECAL2 %12
[ (RMON-13 74
TMOMaRMONS - L) Re TS

STaARTING RECORDS TN FILES

TREC=MINRED
RECALL THAT CURRENT DATA SET STARTIE IH 1974

ITYEAR=(HINREC-1) /1241974

OFENCUNT T=7 e NAME = OQUTPUT cOAT o TYPE= QLD » ALCES S
FORMsCFORMATTED REEURHSIZE%lDOyﬁ AT ATEVART AR E=
OFERNCUNT T8 NAOME =" QUTPMP AT 7 » TYPE: 2 DLT o ACCES =7 :
FHRMJ’IURMHITLM’thLﬂhh&l«L v&9ﬁ5$UCIﬁTEUGIl\BLh-I[PY!
T R=1IYEAR

FINANCYAL YEAR HEADTNGS

TFCTYRGGT . IYEARDY IMON=]
TFOIMOMN BTG WRITE (1O $HO) IYR-Le TYR
TECIMOM LE AOWRITE (LOy$E0) TYRy TYR+L
FORMAT (/7 /2%y P YEAR= y T4y 7/ 7 ¢ 143

TEBLE HEADINGS

WRITECLO®51 0
FORMAT /L%y “RYEARKMONTHKXSYHTEM TRGTORAGEN TNFLOW 2
S DEMANDE  SPTLLRDEFTITIT* lmLIIJﬁNX. FLIMI COST )

READ AND WRITE DATA OF STORAGGE PARAMETERD

DL 954 TEYE=1IEYEMNy THYEMX
WRITE 101D

FORMAT D

YR R

U0 @54 MUON=THON 12

CAalLENIaR MONTH Oal.C

K CMOM~ 1374
JPTCR MO O] ) D KA

READNCT 2 TEOF, %52 (XTI v T=lelad
FORMSTCLEFT Oy T,e\)

WRITE (1O @53 YRy JMON TEYSe (XL o I=lvl4)
FORMATCIX e %7 w Tay % v 2X o TR 1X e 2R e 2¥y T e 3X e AF 0 N7 o FFL 0y WX v FELOD

IP( JMON e NE - 122 G0TOPE 4
h“fﬁh*1



C TOREAD AND WRITE PUMFSTATION FaRAMETERS

WRITECLO» ®GED
Q55 IHhMﬁTff/IXy’*Ylﬁl*ﬁlNe HMI*MUNTH$EHﬂ!b*PlIﬁFIUN#NIthﬁ’

DO eEg JPSTN=ISTMINy TS8TMAX
KYR=IYR
00 958 MON=IMON» 12
K= (MON~12/&
SMON=MONS -1 330k %S
READCE TCPY»256) (X(I)wl=1+8)
Qb FORMAT (CAFZ . 0s4F 70 F8, 00
WRITECLOv957) RYRy JFSTNy JHONy (XT3 y =180
Qa7 rUth}\lhy’$’y14y’$’r?KuTTuKV;’ﬁf ”VyT”y1Zv’“’ REpF2 Qe LKy
BT e BN F R O BXy Ry BN PR 0w LXKy Ry ZFE O TR S e DKy
HoOR20F8.0r R Iy FE QD
TFCIMON. WE . 1 2YE0TO95E
KY Ry R4
Ea TFOCIPSTHER TSTMAX ) TREC=TRECHL
llflhlb¢ﬁﬁ4MﬁXhil)hU]U“'”
TR DY R
UU]HW4“
PEHY L L(UN!T /7

C REGD GND WRITE SUBRSYSTEM PERFORMANCE DATA

OFEN CLUNT T s NaME: ’TUUFUPMtﬂﬁT’ATYPV”’ULN’?QCCF"
¥ o FQORM=- IUHﬁﬁTTLH yRECODROSTZE=78y AGSOCTATEVARTARL
MAXM=MAXRELD+L~MINREC
INTRVL=T8YSMX 1L~ TSY5MN
WRITE(LO«F4H000
SHEQO FORMAT CAXS /S FERFORMAMGE DATA /72Xy “XYEARKMONTHEEYSTEM® TOT . INF 7y
CHOTOT CDEMA TRANSGFRY  COSTI$* SEILLY DEFICITY CENTSAKLK
NEMSTRANKDEM - TRNATNFX )
Do 972 Re=le3
GOTOCFAL P& FEE) v K
FaH1 erTF{1hy£ﬁ!0)
PHLO FORMAT (44X IMOMNTHLLY 2 72
GUITOR 64
PE WRTTECLOyREZ0D
CHIO FORMAOTCAX A2 TYEARLY 27D
GOTDG G4
A WRITE L0y w&a300
PEHI0 FORMAT CAXA2X e "STHMULATION-LONGS )
Y& L0 972 I18Y5=18YSMNy THYEMX
Y R=TYE AR
MMON=RKMON
TaTaR T R-L 3K INTRVLA CTSYELL - TEYEMND

= IIRECT s
ISUE)

3

pis

{ LOOF TaTa RECORDES

DR 82 TSURL=LI8TART y MAXNMEEZRINTRVL » IXTNTRVL.
GUTORZ0ryP&E 9 EE) WK
& TF OMMONNE A2 G0TORF L
GOTOYIO
FEHE TFCTSURLNE  ESTARTH OMAXM-L YR INTRVIEZ) GOTOYZ
QPO TalR=T&UER1
READ(Z 2 TSUR @700y (X(TLd o IT=1@)
PTO0 FOHMAT(&FF Gy 3F10.30
WRITEC(LOe 97102 JYRyMMONs ISYSe (XCTT) o TL=] %
®FLO FUthT(QXy’W’yl4y’*’lev1MvJX9’* JXylAyth’$’pé(FSeOy’$’)y
X FFLIO.Ey %70
?71 MMON=MMON+1
TFOMMON. LE 1206070872




P72

tor]

280
?a1

P82
283

P84
P8O
90

2?1

P92

MMON=1

JY R YR
CONTINUE
CLOSECUNIT=Y)

REAII AND WRITE DATA ON WHOLE SYSTEM FERFORMANCE

OFENCUNIT=7s NAOME="TOTFORM. DAT » TYFE=0LD » ACCESS=DIRECT " ¢
FORM= FORMATTED yRECORDSIZE=78y ASSOCIATEVARTARLE=TITOT)
o 992 K=ly3

GOTO(9BOs 281 yP82) ¥K

WRITE(LO»2610)

GOTOYE3

WRITECLQ»2620)

GOTOPE3

WRITECLQP630)

JY s Y EAR

MMON=RKMON

DO 292 ITOT1=Ky MAXMXE 3

GOTD(90 2849850 oK

TFCMMON NE . &) GOTOYS1

S0TOSR0

TFLITOTL NEMAXMXIIGEOTOSS]

ITOT=17T0T1

READCZ7TITOTe2700) o (XCITY s IT=1 9

WRITECLOw 9710 YR« MMONy ISYS e (X(LI) » L1=1y9)
MMOMN=MMON+ 1

IF (MMON.LE.12)G0TO?92

MMON =1

SYREJYREL

CONTINUE

CLOSECUNIT=7)

RETURN

ENTI
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SUBROUTINE SCREEN: SETS UF THE OVERALL LISFLAY FORMAT FOR
WHOLE STREEN.

SUBRRDUTINE SCREEN

CALL SURFCL100)
CaLL OFF (100
CALL AFNT(10.s970+979-4)

TITLE ELOCKsLOCATION AND TIME DATA

CAlL TEXT(-2: ‘REGION: )

CALL RFENT(Q0.904)

Call TEXTC(Z00000000000000007)
CALL AFNT(10.vF45.y9—4)

Catl TEXT(-2y/YEARI )

CALL RPNT(O.»04)

CALL TEXTC700007)

CALL APNT(10,9920.y 9-4)

CALL TEXT(-2y/&TATUS AT 8TART OF: 72
CALL RFNT(Q.¢0.)

CALL TEXT(/ 00000007

CALL AFNT (L0, »890. v r—4)

CaLL TEXT(-2y YEAR )

CALL RFNTC(0,+04)

CALL TEXT(/007)

CALL RENT(Q.50.2

Call TEXT(-2y IN TOTAL SIMULATION OF )
CALL RFENT(0.y0.)

Cal.L TEXT(7007)

CALL RFNT(0.50.)

CAl.l. TEXT(-2y YEARS?)

COMMENCE SCREEN SEGMENTATION

CAall. AFNT(O0.syQ.9vr—1)
CALL LVECT(Q.s1000.»v1)
CALL LVECT(1000.y04)
CALL LVECT(Q.y=1000.)
CaLL LVECT{(~1000.520,2
CALl. LVECT(O»8%0.yy~1)

Call, LVECT(B83Q.+0.9»12
CaALlL LVECT(0.s110,vyy~1)
Call LVECT(Q.y~1000+y 1)

CALL LVECT(S.+y5780.vv—4)

SURSYSTEM MENU

CALL TEXT(~2¢ SURSYSTEMS ")
call. SURFCL)Y

CALL APNT(R35, 5005,y 1ly—4)
CALL TEXTCO/MYPONGA D

call. ESURCL)

Call, SUBRP 2D

CALL APNT(835.v 470 vl 942
CaLl TEXT( ONKAFARINGA )
Cakl ESURC2)

Call. SUBRFC3D

Calll. APNT(835.v445.51y~4)
CalL TEXTC TORRENS )

CAaLL ESUERC3)

CALL SURF(4)

CALL APNT(83%5.y415.v1ly~4)
CALL TEXTC/ WARRENSNTH. 73

THIE



zﬁ

oo o

0

C

Call
call
CAlLL
CALL
Cal.l
Call
CAalL
Cal.L
CaLL

cAalLl.
CaLL
CaLl.
CALi.
Cal.l.
Gl
CAlLL

CALL
CALL
caLl
CALL
CAlL
GAaLL
caLL
CALL
CALL
CalL
CALL
CALL
CAlLL
CALL
callL
CALL
CALL
CALL
CALL

Cal.l
Gt
CalLL
CaLlLl
CALL
CalL
Ll
Call.

CalL
Gl
Call
Cal-L
Calt.
Call
Call
Call
Call
CalL

ESURC4)

SURF(S)

AFNT (835, 9385, v 1y-4)
TEXTC/S0UTH FARAT)
ESUR(E)

SURF (&)

AFNT (B35, vy 355,91y —4)
TEXTCLITTLE FARAY)
ESUR(S)

COMFLETE SCREEN SEGMENTS

AFNT (L0004 v H00 .y =1 y—12
LVYECT(~170,90.,v¢ 1)
LVECT (O y =350,y ~1)
LVECT(~B30evQevrld
LVECTC1E0. 90 e e1)
LVECT(0.» 640,50 12
LVECT(~140 =20, vy =42

GET UF TITLES FOR ECONOMIC CRITERIAYSYSTEM COMMUNIUATIONS

FUMFING CONFIGURATIONSG.

TEXT (-2 "ECONOMIC )
LVECT 112 v 2T v y—42

TEXT(-2y "CRITERIA)

LVECT (=112 vy =620 v v —40

TEXT(~-2y “SYSTEM COMMUNICATIONS: )
AFNT(SL0. v 220 v 94D

TEXT(-2¢ ‘FUMFING CONFIGURATIONS )
SUERF{7)

LVECT(-310cs~30.pv—42

TEXT( )
RENTC(Q:2Qsve~3)

TEXTC( (%)

NMEBR(115:0.3869 " {(F&H.0272
TEXT(~2« "ML )

ESURCY)

AFNT (500, v 2850 v e~
LUECT(Q.e~250. 912

SUBF(20)

AFNT(O . vy 790 v v ~3 e 1)

COMFLETE THE ECONOMIC CRITERIA SECTION

TEXT(=2s7 COSTA/KL ")
LVECY (112 y-28 9 vy 3)
NMER(PLeQ00pSy " (FE2272
LVECT =706 v =28,y y—3)
TEXT (=25 "CENTS /KL

AFNT (O« s 700 vy =3 v ~1

TEXT(~2s ¢ FRACTION  »Ly~2¢ " OF DEMAND ¢ Ly~

TEXT(ly—2y " RY FUMFS)

SIMPLE BAR GRAFM

AFNT (25 v 300wy 2y~ 1s 12
SUECT (S0 s 0e v v 3D
LVECT (O, » 300,
TEXT (-2 7100%7

SUECT (-S89 Qv e—2)
SUECT (506 v0cv e
LVECT (0 ~300.)
LVECTC(OvQuy o2
SUECT (G0, p Qe r 22
BUECT (S v ~20 ey s~

SUPPLIED)



)
L.

213

CaLL
CALlL
LaLl

cALL
CAlL.l.
CalLl
CalLl.
caLlL
calLlL
CaLL

NMER(9350. 94y (F4.0) 72
TEXTC %)
ESURC0?

FUMFING CONFIGURATION MENLU

MENU(S15. 9255, 00,5114, N0 FUMPING”)
MENUC685 . » 255, 904y 113y 7FUMF ")

MENU (880, 9830, y-100.921s "FREVIEW’ 5 “ACCEFT » 'REVERT ")
MENU(880. 9925, 90,924y “CHECK )

MENUC(SS0. y 150+ v~30.» 101 7 LFUMF ¢ * 2FUMP 7 5 * 3FUMF 7 » “4FUMF )
MENU (O30, v 150 9=304 2 LOSy OFFFK v FONFK» 2 SONFK )
MENUCT710. 150 v =30, 91089 ‘INTER’ ¢ “ LWEEK " » “2WEEK " » * SWEER " »

TMONTH )

CAall.

ESURCLIOM

INITIALLY TURN OFF ALL FUMPING MENUS

0 213 JSUBR=101»112

catL

OFF CJSURD

RETURN

ELNTH
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31

32
33
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e
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SUBROUTINE MNTH SUFFLIES THE NAME OF THE CURRENT MONTH AS A TAG

FOR VARIDUS SCREEN ELEMENTS.
-000..
SURRDUTINE MNTH(IySTRNG)
LOGICALX: ACHY) ySTRNG(LO)
BATA AZ0r’ 7 e A9/ N 30y F yp E v B 90y
M ATy Ry Ly H Oy Ay Py Ry T L O
MYy A e Y 0y ) sy N s TE v Oy
BRI LRI AR T T RN - TAEA U RAPRE P RAFRA § R AR M X
G E s Py T 0Dy R T 90y
N D sV O T e TE L0/
NETERMINE CALENDAR MONTH NUMBER

Ka(T~1)/6&
JMON=THC 01040k KE)

HEQ

SORT THROUGH ARRAY ‘A7 UNTIL THE CORRECT

TFTACKY EQ.0)J=U+1
TF{JEQ. JMONIBOTOSZ
K=K+1

F0TOEL

NEH

K=K+1

AGEIGN NAME TO ARRAY
BTRNG(J)=n(K)
NENE
TF (AR «NE.0IGODTOIS

RETURN
ENI

MONTH IS

FOUND



— = —;
[

i

IR

i

T odm i i T

-
PR SO

G

i
by

an

e
b

- L
Za

%16

DR
Eal

R
Y

dT”hH“[ ’NHLY“'_
IT Calis Akl OTHER
AR ALE0 CONTROLS TH
OFERaTOR PERFORMAMEE
L0
SURBROUTINE Cal.osT

SUEROUTINES NEELED FOR CALCULATIONS ON 8
' : LLIMG DUTRUT  CHEDGOR

COMMON 1] 20y STMAN LD n BTHINGLD Y
MAXFLNCL2) s HINFINCIR)  FRAC, L FRACTN: COSTEL

SUORDAT A TEYH : 2
/CORCAL/TETL
.L(\ [.. '\

SR DT BT SR BN T R B G

e Ly 40 e PHPRET (3
TEYSMM e TEYEHX o SUNMDAR (X« PLNMF
IIITII""1 v '.[ f]N“Tl

Se Ay TRANGE CA& 20y TPUMP O

el DY e TMOMy TETHMIN e TETHAX y TEMMIL. »
'u,..lmJ:”uMﬁV(\\)UyMT\“ “-'y”“li”l DN MAK CLEY y TOOUNT
TETRT e MYF e MOTRAN o MLLEBRE e L ARG« SPaRe =
’hﬁIHLU/N MM A L2 k

Mﬁf= nyF'LYyI

LOGT el STRT o MYF o NOTRAGM  TSUWTCH « ML LEREE

FOOMEDCEY

SFTLLC&D

DEEMENSTON

DaTa CAPMYS» DaPMYW CAFSUMy COTHIL 72400, v I5E G 7150, 8, 7
SET LOCAL MONTH COUNTER

THON=TMONTH

SET O OITNDEX FOR DEMSHND FILES ACCORDING TD WALUE TAKERN
BY CIRRVES .

TRV B O e

WHETHER IT IS THE FIRST TIME THROUGBH FOR THE
STEMyORTF A NEW YESR MHAS SBTARTED.IN EITHER
NEW DaTa MUST BE RESD FROM FILES.

oK

TFCT Fo e ENDMONTH GT - MINRECYGOTOE

TFOLETH

REATE THE NEXT YEAR S WORTH OF DaTa

TF O SUBSYSTEM HAS NIT alREsDy
”T}F¢PRHHHHN PRIT AL TEAT LN
FREDICTION OYCLES ONLY .

THEDUEH sl s
CYOLE MUMRBER TO

N
GOTOs

U FDRTH

TORSEES

RRETENN

v

SETOUROTHE STARTING OYOLE NUNMBER FORTHE Al CULaT 0N
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STORAGE CALCWMH.ATIONTROTH DETERMINIETIC amd STO0HGETIC-

DEFEHE LOCEL STHRaGE Var TaRLE VALUES.

T % MHRES=MINRES s MaXRES

STORAGE FOR SERUICE RESERVOIRS

TFOSTORONRES » 20 2 B0 PETORONRE S £ ) =50 TMONy NRES)

Vesfe DBl STORAGESHWETRS

ST ONRES

w5 TR MRS L0
TRHITIALLYZE DERIVED DaTeas FOR 6l CYCLE.
BLIME TR,

THEMA M=
ST CT

el UaTE THE NEXT MONTH HUMBER

E”IHUM T
CIMOM R L2y NXTMOM:=1

il
N N

SEIFECTHE FOLLOWING O
DNLDER CONSIDERSTION TS NOT MLLLEBEROM CNRES s (IR
THE LasT CALULATION FOR & YESR ANl THE PROGRaM 15
BEING TNITIATED.

LY

FOISYSE L NE 3 AND L TBYE NE & DR TMONTHEQ. 12 AND, POALCIEY  EQ,

DEFINE STORAGE FOR MILLREROOQK.

SET WP NEXT MOMTH®S ValUE FOR MOLLERODN (NRES=4T .
TFONOYCL G 2. OR B ONXTHMOM &0 L B0 G 08 INETMONy & 3G (EMONy &3
CONTITNUE

WRITECLOe L2 o NOY L e TMOMTH» TEY Sy B CNETMOM e &3
FORMATOAN s "NOYOL T o T4 T TMOMNTH » Tdy " THYE T« 14

SRIE DAl CLLaT L0 YIUJMH
SUEBEYSTEM 1 IH« THE

QR CALCULATIONS &k s LT TON C'f :
CALCULATIONG aRE NOT FOR 1H| FINaL MOMTH QF

MINTH
AN
THE

YA .

ITForsys
G ai’ s r\‘JlJ ) J.iiljlé eldl".e J.filjiﬂ Il {DEEIR

I-rrrh
FNOYDL O

TRERUVW B L0 .

LNE
Wi R R E N

GOTOOLL» 12 bde 14 13w 10 THYE

TRAMSFER QUT OF MYFONGA

TRANSGF CL o 1 =L XHAPUVLY

TFOND TRANSFERBET aRbay ELEMENT

IFOMYPTRN .
WE T Illl“diﬁz

L YTRANSF Clow Lol

 TRAGNGF (1wl

HoATEOMS  TF ETTHER THE STORA
IT
NOT

FY PN AN
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1yGEOTOL0Y
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LA A

0

TR

RZLOO

21
n
N3L00

BOTHL4
MYFONGE TRANSFER RECETVED BY HAFEY UALLEY

TRENSF (A4s L) =MaFULy

TE ¢rM FIRN§LH¢"1;THMNQVf by Ly,
WRITECLO D100 » TRANSF (4410
GOTOL4

TRANBFER RECETVED BY SOUTH FaRka (MRES=10) WHEN
WARREN SFILLS.

TRAMSF (1O 1 =WaRgaPL
WEITE (LG 11000 s TRAN
FORMAT (22X “TRANGF -

?V(lOyi)
FFa00

START CALOCULATION LOOF

0o 100 NRES=MINRES yMaXRES

CHECK WHETHER NRES I3 & RESERVOIR OR WELR AND BRANDH

ACCORDINGL.Y

WRITECLGyZ2) NRESSTORINRES 23« TMOMTH» 1878
FORMAGT (22X “NR p Ly TOTORZ s F7 Qe "TMONTH? » T4 “TEYS 7w [ 4
TFOSTORMRES » 23 GE . 0. 2G0TOR0

TFOONRESY T8 A WEITRySKIF EVAFORATION CALCULATIONS

FFONCYCL . GE 22607033
GOTOZO

CALCULATE EVAPORATION
CALL EVAFORCSTONRES Y y NRES ) TMONsEV)
AU EVAFORATION TO DEMAND
DE M NT DM AN Y
WRETE (LOe 20000 o NRES» 8T (NRES \.l"u ITMONy ITSYS
FORMAT (2X e TRES w LA "STOR v F7 .00 “EVAF v F& 2y “MONTH? v T4
TTEYS L LE)

STOCHASTIL INFLOW?
TFOIN “ACCERTS MODE ANIN FOR CURRENT MONTH ONLY.

(TFRVWLEQ. O ANDLNCYCL CEQ. 13 GOTHEL
hUTUﬁJ

AT STOCHASTIC INFLOW 7O EacH STORAGE.

STONRES ) =EGT INRES)FSTOINF (NRES » TMON?
MLlTL(lO&&lQO) STONRES Y » STOUMF IMNRES » TMONDY
FORMAT C2Xy "STOR  F7 00 “STOINF o 7,00
CONTIMUE

TFONRES I8 NOT A WETRySEIF THE WETR CALDULATIONS,
IFCETORINRES»2) . GE 0. 2B0TDEA

LFONRES T8 A WEIR DETERMINE THE TRANSFER TO OTHER
STORAGES .

CALL WETRCSTORINRES v 2) o STONRES ) » TRANE )

FFOGUMERATMS WETRGOT
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T3 ond
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b

PN

3
E

TFONRES ER.500T0E¢
INCLADE CLaRENDON INFLOW TR HAPFY VELLEY TRANSFER,
TRAMNGF CAe L) =TRAMEF (451 7+ TRANS

W NOT TAKEN BY HaPPy ValLLEY 18
SYETEM .

GETLL (2GR TLL (2) 48T (X3 ~TRANG
GOTOG0

TF GLUMERATHS
RESERWOTR

G TREMNSFER TO MILLEROOE

SR THER @S

Che LhsTRANS

FANGAROD DREER CNRE
THFLOW NOT TARKEN &

27 TRANGFER 18 THE

ML LR RO

TRANEE CZy Lo=8T 8- TRANG

POLIME ZERO HOLDTNG
Tole AL THFLOW I3
THE SYSTEM.

STORAGE TN W
CTHER  TRANSFERRET

e L0 ANDNRES . NE 12, 0R . NOYOL GE 2 E0T0RY

TF O GDUTH P
'I'”I'" Ifu’lf\‘-.‘ -
ThHN“}IlhID ]H THE®M .

ANIE DETERMINE HOW MUCH WATER 1§

Gl SUPPLY CIFRVW TSEYS» TRAMCISYS) s BFARA e LFARA s TXE
TRONSF ONRES s 23 o FIPOFT Cae Je TMOM Y

SR 2 E0TOERO
MNE «&GOTO2L

FROMFT FOR MILLERQOK RESERVOIR STORAGE .,

Tﬂprwﬁ;mm.
SES i POy TMON I v G CIMON &Y
Q(er )N,Q}yFL[UF]\WpJvIHUNJsihﬁwkn)uThanFfﬁulJu

TRANEF (423

TFOEITHER MIL TOOR LITTLE Faks hIHEP”UIHPM
THE AMOUNT SUPHllhf GUT OF MTLLBROOE  CWMHER
AFTER NEXT MONTH S STORAGE IS SATISFIED.

ML=,

PECTPRME BT L AN, ] ;
WRITECLO 3900 F\.JILHAC”HWH
FORMATOEX e "EXSMIL - Qe T

IMON e w8 ONXTHON y &0
iNe &

PO TS ONXTHON e &) 7 0 F7.0)

SR
LT s B

CHECK WHETHER PUMPING TO THE STORAGEE I% REOUIRED
PFOTHRANGF ONRES « 20 E@ O, cORTSYE L PR IGDTORE

DETERMINE FUMPING TD

GALL FMPOIEYSs TRFRVW e BEES s NOYCL s FSPRLY » TERPLY

FOR FRE
STFTHE FOLLOWENG.

BLIMER A

DR SFILLED QUT

Pl O RLITTLE PaRa (NRES=12) GEYT

‘ﬁ’lUIﬁ‘L

DTCTEON DY CLES MOT DURING PROGRSM TN TALLTISATIORN

H i

I
\
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i
i
R
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i

T f3 R
R I 18

(1]
()

DRS00

TFOMOYOL cGE2,AND TCALCITSYEY JEW 1 00TREA
FOR OFIRST MONTH QF PROGRSM DSAGE RECORD FUMPING .

TFOMNCYOLFEQ. 2 AN TMON . EQ . TMONTH Y GOTOL
TFOROYOL GE. 23607024

TF OFIRST TIME THROUGH (NOYOL=2y TMON=IMONTH? » OR USING
CURRENT DaTa (NCYCL=12 GINE THE TRITIAL PUMPING
FERFORMANCE ﬂﬁTﬁ”lNClUM|Nu FUMPENG FROM MILLERODE .

BTART BY RECORDING MILLBROOMSS PUMPING AMD COSTS.

TOTTRN=THEMM L.
TOTCET=0STMI L ADEMMTL
TOTIE M=,

BUMOTHE VaLUES FOR THE THREE MaJir PUMPFING STATIONSE,

TOT ThrJ"Illvfii"*[lTr”ilf }PC‘IN‘
TOTOEM=TOTOEMEFIFOQFT CIFETN e Js TMOMTH
COMTINUE

TFOSTMULATION TNOLUDES MANNUM FUMPSTATION ADD ANETEY
MILL TREATMENT WORES DEMASRD T TOTAL UhMﬁND<
ToE. o DIRECT QFFTAKE .

TFCISTMINLLE 2 NI TSTMAX . GE . 2 TOTHEM=TOTUEM+HPIFOFT (4« Jv TMONTHD
AL SURSYSTEM DEMANDEG TO THE TOTAL .

DO 25 J8YS=TE8YSMNy THYSMX
TFOTPRVE NOT . ADD DETERMINIGTIO DEMANID.

TFCARS CIPRVWY dEQ. 12 TOTIEM=TOTIEMAITDEM CISY Sy IMONTH
IF IPRUN-@@ AU STOCHAET YL DEMAND .

TFCIPRMUW L EQ. Oy TOTIEM=TOTDEMEETDEM CJSYE TMONTHD
COMWT LTNUE

CALDTULATE AVERAGE COST FER KILOLITRE aND FRACTION OF
DEMAND SUFPLIED BY PUMPS.

COTKL L= TﬂTF“'!(TﬂTﬂﬁﬁﬁiﬁab

FRAC=TOTTRNSTOTDEN

NRITE(lOu?bUU*uTUTTCT+]UFTIN-‘”Tﬂlﬁvf‘fN TeFRAT

FORMAET R e PTOTCET v FE 2w "TOTTRN T o FF o Qe P TOTIEM ¢ F7F o G TRETRLL v
Fe, 2w "FRAGY o F7 .23

TFCTFRUW L NE s QeaND . TOALTCTEYE) SR 1 EOTOES

DEFINE THE EXTERNSL COST AND DEM&GND FRADTION VakTaklEs
ONLY WHEN USTNG REAL CIPRUVW=0) DR WHEN LT T8 THE FIRST
TIME THROUGH THE PROGERASM CTCaLOI8YEi=al.,

GOt
ffh TN thﬁ

OEFEINE THE FUMPTNG TRANSFER FOR MYFONGS (TEYE=10.
Tofe NOOFUMPFING aUsa Lokl

TFOTOHYS EQ LI TRANCTSYEY =0,



= AL THE
= TRANSF CNRE

CTRAMOCIEYSY S TH THE RESERUVOTER

o
TRNGFR=0 .
C

ORLY ALLOW PLMPED
RESERVOIRS REQUIEST TNG

FOR CURRENT MOMTHy TO THOSE

[

I(TRQNSF(NRFQ,3)¢HT>!,«ﬁNU NEYCL LB LY TRNSFR=TRAN CLEY D)
THRAMSF (HRE d ) i

I WRTTE(LQ 29000 » &

2P0 FORMEGT (25 78T 7

‘?QEPWHHNEFKNF"T.. :
CTRANSF CMRES L 7w F7, 00 “1EYSE v L

25 il TRAENSFER T STORSGE

M S OS2

i BE-INTITIALLEEE TRANSF aRRav.
"
TRAMEF CNRES » Li=0,
1 PRHCLUDE STORSGE TN SUM OF OR&GES .

LaG SUMETR=GUMETRAST (NF

1 uLl]L(lUslUOO)sﬂUMb!HyISTV

NLGG0 FORMATC2X o THUMETR o F2. 00 “TEYE " T4

C

£

” TFONOT I ST0CHASTIC MODE » TNFLOW Has NOT YET BEEN ADDEDR.

I

& WRITE LGy 1001y TPRVEy NTYTL

niootl FORMATC2X e “TFRWW S » T4y “NOYEL Ty T40
TFCIPRWE L ER 0 ANDL NCYOL L EQ. L0 GE0TRLZ0

IF IN TORRENMS SURSYSTEM (T8YS=3) HOLL THE VallE OF
THE SUMMED STORAGES»WITH OUY-OF-SUBEYSTEM TRANSFER
C REMOVED » T “ASTOR .

-

F]

LFOTEYS ER 3raSTOR=SUMSTR-EXEMTL

- AT DETERMINISTIC ITMNFLOW T SUMSTR.

GOTOCL02y LOL 102y NEYCL
1G GLIMBTR=SUMSTRATETINF CTEY 5 3w THMOND
AL WRETE CL1Ow 10000 « GUMSTR

GATOLLS
102 SUMETR=5LIME

CTGYE Ly IMON2

—
T
-
-—
—,
e’
3
o~

TF O TRANSFER WOT REQUIRED SKIF CALGCULATION.

1% TFOTEYS NE «F R TEPPLY LE =10 G0ToL20

ST T e 3 T 3

» DETERMINE THE aMOUNT OF WaTER aUvalloaBRLE FOR SUPPLY TNG
[ ANSTEY HILLCDETERMINISTIL ONLY Y .
2 ASEUME ALL UNUSED TNFLOW CaN BE TRANSFERRED .

AVA T =SUMETR- a8 T DR
TFOSUWATL - GE. OO GUMETR=aST0R

> METOH THE aallailiz OFFTARKE TO DEMaND .

GOTOCLIR0 219 e LLY LY o NCVIL
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ey
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o
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PAR Y N

150

2320

23

5O

3

AMOUNT AVaTllaBLE e
LITTLE FaRe REQUILRE

TFCAVATL BT« CRFIFOFT A 1y TMONIHTRANCE Y D)
GUMBTR=ASTOR+EAVATL - (P TFOFT Ay 1y TMONY HTRAMCH 0
GOTOL20

AMOLUNT AvallLaBlE GREATER THAN AMSTEY HIL

TFCAVATL s GT o FIFOFT 4w Ly EMOND 2
SUMSTR=ASTORAAMATL ~FIFOFT (4 Ly TMON

"

ADJUST DEMAND FOR STOCHASTIO OR DETERMIMNMISTIC REQUIR

TFONDYOL =20 120 122y 1323
lILlII'N+WEeU) GOTNL22
DEMAND=DEMANDHSTIEM CISYS y TMON D
GOTOLRS
DEMAND=DEMANDHDTIEM (TSY S TMON
TFONCYDL o Q. 1. OR: TEYS NE .32 00TO1220

TF TORRENS SUBSYSTEM AND NOT WORKING ON
DETERMINE WHETHER MaNNUMof
EXCEEDED BY AMSTEY HILL DEMAND.

XENEM=FIFOFT (49 1y TMON Y ~CAPSLIM
TFOXBDEM LT 0, ) XBNEM=0 .

VLA TDE PIREL]

ITNCREASE TORRENS SUBSYSTEM DEMAND TO SHARE

FIFELINE CARFACTTY I8 EXCEEDET.

TECISYS . EQ. 3 AND . XSDEM GT + 05 Y DEMAN D= DEMa NI X ETED

i

ALLOW FOR MANNUM FUMPING TN WaRREN STORAGE

CURRENT MOMNTH .

TFOTEYE  FH.Q, AND L WARTRN . F0 . 425« AN NCYL

GATISFY THE DEMAND FROM BUNMSETR.

SUMSTR=SUMETR-DEMAND

P H e ML RO
T IusET

TFy FOR THE CHRRE
TORRENS SURSYSTEM

TFOTEYS, EQ. 3. AND TFPRYVW . ED
SUMS TR=SUMETR~TIEMMTL
WRTTE L0 1002 » SUMS TR » DEMANTy TEFFL
FORMATCR2Xy “SUMBTR S » F7 o G T DEMAND " »
TDEMMIL S« FT .00

G AN MY L S B L - Al

oy “] I"II]

!rr

MOW DECOMFEOSE SUMSTR OTHNTO LTS THDTV IO

0o 200 NRES=MINRESy MAXRES

MILLBEROOK (MRES=&) I8 A SPECIAL CASE,

TFONRIES FR. & 30070151

IFOTHE STORAGE FOR MNRES 185 UNSPECIFIED:

TECSCIMONy MRESY L ERL O, yEQTREGG

OF R T E NG
S AN APRET RN

SUMESTHR

&

T

L. DHEMAND

LY e )

STORSGES

LOaAD TF

SR LY BUMETR=5UME TR

DUTSTIE T

Do el Cl T R Y ¥
R [ S W E K A

FRCTHAN COMBINED AMSTEY HILL AND

AL ONE.»

EMEMT .

U

AT

HE

AEBTGNMENT .
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200
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D20Q0
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201
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202

203

%

MILLEROOK RESERVOTIR-SPECIAL Uazl.
LIMIT MILLERODE STORAGE TO THAT WHICH CaAM RE
TOTHE RESERWOTR Al OnE.

DETATNED FROM INFLOW T

TEONRES «ME 6. DR NOYDL . BE . 2300TOD1LS52
TFCTPRVW B, G AND S OHNXTMONy &0 GT . 5T 05
GINXTMONy &) =0T 0& )
STONRES ) =G (NXTMONy NRES)

NOW REMOVE SONXTMONNRESY FROM SUMETR.

SUMBTR=GUMETR-8T (NREE)

JFEED RES

FINTe THE UNSFEC
Tl THE TORAGGEE THAET H&S MO &
Cak RBE DRAWN DOWN OR Cal SEELL

FRUOLR TN THE SURSYSTEM.
T OOFERAT. Feldl ES s
ACTORDIMNG TO THFLOW,

1o 0 e # AND L STOR CRNREES 27 0 GT 0 2 JRES=NRES
e LSYS

FORMAT (23 TUNE

CalODULATE THE ITNTERCONNECTIONS BETWEEN RESER
CONLY FOR DHREENT MONTHENDYOL =10 .

TFONCYCL GE 20607021

MYPOMGS THAMSFER-
USE MYFTRN TO RERTERMINE WHETHER A& TRANSFER OCCURS

TFOIEYSE FQ L ANDLMYPTRN. GT . G GOTO20L
TFOT8YS .67 00G0TD21

SET UF SOREEN INDICATION OF NUL TRANSFER
NUMER I8 A GRAFHICS PACKSGE SUBRROUTINE

CAlL. NMBROLOZ2L e Qe vde T (F&QY )
Call NMBRO2O2L e 0, edy 7(F&E.0)7)
TFEMYPTRN EQ 1O HAaRFVLY =0,
GoTORL1

FROMFT FOR THE QUANTITY OF TRANSFER FROM MYPFONGAS
TFOIH CPREVITEL S MOTHE .

TFCTRFRVINERCIEATOZ0S

TFOTHE TOTAL STORAGE IS ALREADY IN DEFICIT.GOTOLGY
TFCGUMEBTRLE 0. 2G0TOI07Y

FROMPYT FOR TRAONSFER .

TFAOMYP B L EOTRZOR

Call, SURFCAL

Cal.l. OFF &l

Coall, APNTIO. » 1460w re=3y10

Gl TEXT (-2 TYFE DN REQUIRED TRaMNSFER T
L2 ON WWINGA SYSTEM ANy

TR

Lew2e? PRESES
Call ESUBCLL?
MY L

Dald, OFF S
Call. OHC&LD
TYFE2QD
FORMAT (22X © NEW TRANSFER:= %
RSy 204w ERR=2040 Y e MYFTRN




204 FORMAT CLH)
GOTOR2041

2040 Call. DLR
GOTO202

2041 Call. CLE
Akl DFFOs1)
Call OMOEE)

CONVERT THE TYFED IN TRANSFER VaLUE TO THE INTERNAL
OFFTAKE VAaRIABLE TO MHAFPY VaLLEY RESERVOIR.

HEFY LY =FLOAT (MYFTRND

P

i DETERMINE WHETHER STOCHASTIL (=13 OR DETERMINISTIO CJ=2)
e DaTa 15 TO BE USED.

205 )

: TFOTPRVWER. O =1

. " SET MYPONGA TRUNK MaAlN CaPaCITY TO THE SUMMER OR WINTER
o MaxX IMUM CaraClTY.

CAPMYR=0aFMYW
TFCALE ITMON e AND e TMON  LE . 83 CAPMYP=0AFMYS

£ FIND THE SPARE CaAPOCETY OF MYFONGS TRUNK MAIN AFTER
REMOVAL OF LOaCal WaTER DISTRICT DEMANDG.

n WRITECLO 20500y CAFMYF

D250 FORMAT (2X 7CAPMYR 7o F7, 00

e CHECK FOR EXCEENMENCE OF PFIFELINE CARACITY IF STOCHASTIC DATE
C | IS BETNG USED,

TFCTFRUMEQ Q. AND L HAPVLY BT CAPMYF Y SUMSTR=GUMSTR+-HAFVLY~CaFMYF
C
" REDUCE TRANSFER TO THE LIMIT
C

TFOHARPVLY c GT o CAFMYF I HAPULY = ChF MY P
TFOTPFRVW L EQ.QYGOTOZLL

[. NOW REMOVE THE TRAONSFER FROM THE STORAGE aND CHECK WHETHER
M I'T EMPFTIES.

I
BSUMSTR=SUMETR~HAFVLY
TFOSUMSTR, GE . 0. 2GOTOZLL
P

{ TF TRANSFER “HAFVLY S MAKES THE STORAGGE NEGATIVE.REDUCE
C CHARVLY S S0 THaT IT ORNLY JUST EMPTIES MYFONGA.

HAFUL Y =HaRWLY +SUMEBTR
SGUMETHR=G,

(] WRITECLO e 20600 o MYFTRM e HAPMLY

D2O&0 FORMAT(2X e “MYPTRN » TS5y “HaPULY  wF7 00
GOTO2LL

r IF sUmMETR I3
C CaPpallTYy FOR

ALREATY NEGSTIVE OR ZE
|

O THERE TS NO SFARE
SURFLYTNG & TRANEFER-FRI

IMFET THE OFERATOR.

207 TFANOTRANCEQ. LYGOTOR0Y L
CAll SURPF S
shlL. OFF Ca&2)
CALL AFNTO, v 1 AG, v vy =310
Callle TEXT (-2 7 THERE IS NO SFPARE STORAGE " v
¥ Le=2e WITH WHICH TO SUFPLY & TRANSFER. .




¥ ode-de T PRES CCRYOTO ATKMNOWLEGE . 7
Call B l[(uA
NOTHEN==1
2071 Call. OFF (352
Call. ONCEZ)
READCSH 20720 s R
2072 FORMAT(F)
Call. OFF 420
Call. ONCIE
HAFULY =0,
CﬁlL DNCLQGES
fl.l. ONC2002
LHLL FOINTRCL 2005
Call FLAagsH(ly~12

N TFOTEYE,GT Lo R NOYEL BE 22 A0TOZLA
FRINT THE TRANSFER ON THE SOREEMN.

Call, NMER(LO2L s HAFVLY vdy T {F &0 7
CALL NMER(Z02LyHEPFWLY v & 7 {F & 00 70

i AFFLY THE REMATMING “SUMETRS TO THE UNSFECIFIED RESERVOIR

- TR THE SURSYSTEM.

A3 ST CIRES =5
TFOTSYS b

O, NOY O BE L 2 OR e TRPRVI G NE 0 GOTO21E

£ CHECE TORRENS SUBSYSTEM aT HOFE VallLEY FOR EXCESS TNFLOW
[ FROM DEEF CREEK WHICH CARNNOT RE USED FOR THE CURRENT MONTH

AUUSTR=8TOEM (3 TMONY ~STOTINF (& TMON) = (B CITMON e 8) S (NXTMON» 82
TF(ADISTE GT 0. 2ADIET3=0,

C
” THIS EXCESS HAS ALREADY BEEN ADLIED TO THE UNSPECIFTEL
C STORAGE THROUGH 2 SUMSTR ~REMOVE IT.

ST CJRES) =8T CIRES) ADISTE

212 CDNTlNUL

a WRITECLO e 21100 s 8T CIRES Y v TEYS v ADLIET S

nzirnae FORMAT (2% “UMSFED STOR «F7. 0 TSYS v L4y TADJETE v F7 . Q)
TF{GUMS TR GE - 0 2GATD400
TFONCYCL . GE - 23E0TQAI00

T THIS VARTABLE STORAGE 18 <0,y CHECK WHETHER THERE TG
C a UPSTREAM RESERVOIR TO SURFLY TT.

TFCIRES EQ MINRESYGOTI0O0
[ TF OTHERE I8 SUCH A STORAGE . MODTFY 1T ACCORDINGLY .

vw1“f7T(JRE8w1}+ST(JRES}
2:(7

" TF THIS SURFLY CANNDT DELIVER ALL B GO T REME M TS » D TNE
[ g DEFTCTT.

TFCET( Hu[..E"-I ufl ALH;U!I]*’MM"
GLIMET R
8T(JRLthJ”04

(2 TF NO UFSTREAM STORAGE DR INGUFFICTENT SURFLY

(L ERL I YDEFCIT CLEYSE ) =SUMSE TR




i TF SUMETR >0
400 CONTITNULE
" T8 THERE aNY SFILLT

TFESTOIRES)Y LT (STRMAX CARES) D GOTOA01
SRPTLLCISYS) =8P TLIL(ESYSEYHET CORED) - GTRMAX CHRES )
BT CIRESY=8THRMAX CIRES )
GOTO40Z

401 CONTTMUE

402 TFONCYCL - GE22GDTO403

THCLUDE SPTLLAGE OF WaRREN RESERVOIRE TO S0UTH PARA.

b I

TFOIEYSE . EQ 4 WARSPL=SFTLL C4)

ALLOW SFILL DOF EXC TRFLOW TO HOPE ValLEY FROM

DEEF CREER CATOMMENT .

R A A gl A

TFOISYS . ER.Z0GFTLL (3 =8P T (3 -ATt)sT 3

THE SURSYSTEM T8 MOW BALAMOET FOR THE GCURRENT
MOMTHCTMONY .

ASSTEN THE VALUES TO ARRAYS CONSTSTENT WITH THE MODE
DF FERAETION.

Y

03 DO 4460 NRES=MINRES y MAXKRES
IFOHNCYCL EQIGDTO45 1

00 MOT ASSIGHN DATa TO THE SFPECIFIED STORAGES,WEIRS OR
SERVICE RESERVOIRS.

I

—
1

TFOSTOR(NRES $ 20 o LE O QR NRESEQAGDTO4EL

]

AGHTGN MONTH TO MAX AND MIN FREDICTION ARRAYS.

o I o)

BOTOCA21L 422 NCYCL -1
4271 MEAXF TN CMRES Y=TMON
GOTDA3Z0
422 MINFTNONRES y=IMON

RECORD THE EXTREME COMDITIONG.

C
o AGRTIEN THE STORAGE VaLUE TO ITHS AFFROFRIATE ARRAY .

GOTOAGEL 452 v 40T w NOY L

A5 TFONCYOL . GT . 1060TO440
FRETORONRES Y =0T (NRES )
GOTOA40

DFFER CONFIDENCE LIMIT

pes STMAX INRES ) =8T (NRES)
GOTDAA0

[
B LOWER CONFIDEMCE LIMIT

453 STMININRES ) =8T (NRES)
460 CONTINUE

C IF THE FINAL VALUES FOR
i THEN FILE THEM IN & HaRID

EN ESTARLISHED




e

A&

s

Ty T o
t T

Hl”‘

A0

R |
ERE

DAGH0

TFOTFRVWER. G mND NOYDLEG LI GDTR4501
GOTO441

LEFTHE THE QUT-OF -

BTEM TRANSFERS.

FXTHﬁN“O

SLAHOR TS Y S AR ULY
|EMMLL
wefﬁoquthhNﬂwﬁPﬁPL
I B NEHIGEOTRAA00 1
LXThﬁNmffﬁN(é.

TF MIL
NONE GLOES

RELTEVE ANSTEY HILL DEMAMD.

s MM L

SFELY. LT, 00 JEXTR
ge G OT L OF L TREN () GE OO GOTO460E

sl T3, OR

TIEF TME QLT OF  WaRREN TRNTO SOUTH ok,

TRAN 40
aTh:ﬁJ nt“\tllflJ(aj)
SUMF CTFPETR D
Go TP LIRS PR 00

e A EXTRAM=
IOy DO YEXTRAN:
WRERTTECLD»4403) WaRE
FrORMaT 2 Ey 7SR “JF?9095EEWHQN’9FF+

CANMDT SUPFLY AlL OF LITTLE Fakdé TRANSFER.

RECORD @l DaTa T oa FLLE BY CalLING SUBRODTINE “HROCOR ",

CALL HRDCOFCTSYS e MINRECy STOR » STOLNF » DEMANT e SF TLL CLETEY »
DEFCITCISYS o EXTRAM FEFFLYD

IF Akl SUBSYSTEMS MalVE
THE FERFORMANCE PaRAMETERS OF THE OFERATOR.
TFCI8YS. EQ, ISYSMX) Akl SKILL

TFOEXTREME CONDITIONS QCCUR (ISWOH=1) TERMINATE

TFOLEWTOH EQ L2 IMON=12
THEWTCH=0

DETERMINEG WHETHER TO INCREMENT SNCYCDL S AND RE
CAOLDULATIONSG OFR PERFORM THE FINAL CALCULATIONS

TFONCYCL B3 Al TMOR . B 122 E0TOEG0
TFONCYOL  GE 2 AND e TMOM . LT L2 EOTO490
NEY DL =MCYCLAL

THOM=TMONTH

TFOFTRST TIME THROUGH CWHEN ONLY PREDICTINGY «OR 1

FINAL MONTH THEN RESRRANGE THON.
TFOICALDOIaYS Y o NF - Lo OR - DMONTH S EQ o 1230 TMOMN= TMINTH-
AESTEM STARTING WALLUES FOR WNEXT CYOLE

S T NEE S
OFONRE S e 100

W ﬁéﬁHUQINUI]”éNIAlﬁéﬁmﬂélmﬁLj']H\‘)(Et¢l,
K g e
SONT T WU

y M XRE S

SETOMONTH COUNTER 7 TMONS

TMEN = TMONA-L
WRITECLOyAR00 2 e INRES 8T INRES )y NRES=MINRES v MAXTE

FORMAT C2Xr 4 (TR F7,00)

EAT

]

[

EN O NOTED IN HROCOFs CALCULATE

Cal.CULATION .

THE:
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TO INDICATE
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SUEROUTINE CaLDAT: AT THE STaRT OF EaCH SIMULATED FINANCTAL YEAR
MEW MONTHLY DEMANDS AND INFLOWS ARE READ AND STORED IN
THE AFFROFEIATE aRRAYEFOR THE WHOLE YiEak.
DEMANDS FOR EACH SUFPLIED DISTRICT ARE ASSIGNED TO ONE OF
THE S1I¥ SURSYSTEMES.

SUBROUTINE CALDATCTETRT)

COMMON ZCALFPMPAPTFOFT A2 120 TMON TSTMIN « TETMAX y DEMMIL. ¥
wﬁRTRNHHﬁYPﬁFf77:FV“FIL
ZUALMLIOZDTIEM Ay 12 s BTIEM (4 12 o STOINF (LI 120 9 TEMMYP (2o 120y
wﬁhsFLsHﬁlUlY:lﬂThlth‘ THEMy TSTINF e FSFPLY » TERFLY

SR CALATETIMNF (hy 2 L2Y hYPTRNyTHﬁNSF(lﬁyE)ySTHR(lEvE)yﬁ(lﬁplﬁ)v
THMONTHy MONTH» MINRED

DIMENSION XOL1 o RETIEMOL2 12 ~STONEM L2 L23
DATE CAFSE CAPSWS 3310, »4860. 7
TFCISTRT ER Lo AN, TMONTH EQ. L3 EOTOPE
FEAD DETERMINISTIC DEMANDSTODHASTIC DEMANID AND STOURASTIC

INFLOW FOR THE NEXT 12 MONTHSCOR TO THE END OF THE YEAR
TF IT 18 THE FT™2R8T TIME THROUGH) .

SET ASSOCIATE VARIARLES O THE FIRSY TIME OF READING FILES

TOTOEM=MONTH

TSTOEM=MONTH

ISTINF=MONTH

MON=IMONTH
DFEN AND REAT FTLES
DETERMINISTTE DEMAND

CIEEN CUNT Ta7 e Ne s DETDEM ATy TYPE= " OLD » ACCESS="DIRECT “ v
FORM= FNEMATTED » ASSDCTATEVART ARLE=TDTIERM?

STOOHASTIC THEMAND

LDy ACCESS= "D TRECT 7 v
TETIEMD

CFEMCUNT T o NAME =’ “TUFUlNeNAT’leIF
FORM= FORMATTEDS N

STOCHASTE ITNFLOW

AME = STOINF DAT » TYPE= "OLD » ALCESG="DIRECT "
ST e ABENCTATEVS VR E =T GTINE D
PR MOMND e TOTSETR=1 9 122

QFENCUNTT =%}
FORM= " FORMAT
BEATICS JU]U'ﬁvW&)v(DETUEN’IUIL
FUORMAT LS
el
FORMAT CL2F
Fepal e e

F Ok

.-‘”!v(STDDEM(IﬂIETRyMHNJUIUI‘]h 1wl

ARRANGE STOCHASTIO INFLOW IN ARRSY FOR EACH STORAGE
INGCTHE MODEL

NOINF=Q
oo el =hoe 12

3TUINF(IbTUh,MUN)wX(ISTDHMNDINP)
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TF(STORCISTOR 20, NE Q. OR TETORCEQ 8YRQTOPEL

TF STORAGE T8 Hr REﬁERUDIRpEEQTﬂﬁﬁ HOFE VAl iy
MHF[H KECETVES TEEF CREFK INFLOWSET STOCHASTIC INFLOW
T ZERD.

NOTNF=NOTNF A
GTOINFCISTORMONY=0,
COMTINHE

GELTT UF DETUEM AND STODEM ACCORDING TO THE DIVISTON OF

DEMANTT AMONG THE SURSYSTEMSyNOT THE RESERVITRI.
MY DG &

DTOEM CL oy MO s=DETREM 8y MONDHDETIEM L5y MOMS
STIEMCL e MON Y =G TOIEM ¢S MONY FETOREM L MOND
DEMMY P L MON Y s 8 TODEM 8 e MO
OFEMMYF 2o MON D = DETINM C8 e MO D

ONKAF AR TNEA

v MUIN D

DTTEMLZ e MON 1
11 yMUNJ

STDEM 2w MOM Y=

“UFTﬁEM{?-NHH)+ﬂETDFHf
' CF e MON YA ETOREM

TORRERNS

DTREM(Z MONY=DETIEM & MON
EBTIEM R e MON =S TOIEM (&« MOND

WARREMN & NORTHERN

TITTHEM A MON Y =DETHEM (F» MON?
STOEM 4o MOMI=STODEM (3 MON2

SOUTH FaRA

SET SUMMER AOND WINTER HARDSSA TRUNK MAIN CARACITIES
CAFBAR=CAFEH
TF (A LE MOM ANDL MON . LE . @) CaPEAR=0AFELE

NECENT =1
SRCENT =1 .

EYSTEM EXCEEDS CAPACITY OF
B THEMANT .

TFDEMaMD 0N SOUTH Faka o
BARDSSS TRUNK MAIN REDUCE

TFOOETOEMCL e MOND « GT  CAPRARDDF
TFCETONEMCT » MONY (GT . CAPRARDE
VTOEM S MONY =DETDEM Lo MOND %I
STOEM (S MONY=STODEM L MON Y XSFOE

ENT=Cak ok DETIEM Ly MON
NT=CaPBAR/STODEM L « MOND

LETTLE Fata

LETTLE Fara SUPPLTES aNY EXCESE

il TEM A MONY =DETHEM (2 e MONYHCL .
ETLHEM & o MON Y =8 TODEM (2 MON ) (o8

MURRAY BRIDGEAONKAFARINGA PIFELINE QFFTARKES

T e L e MOR s DETIEM (8 MOND
T (L e @ e MONY=GTODEM (R MON?

MANNUMAGDELATDE PIPELINE OFFTARES
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FIFOFT (2 Ly MON) =DETIEM CL Oy MON
FIEOFTC2 2y MONY=STOTEM (10 yMOND

SWAN REACH/STOCKWELL FIFELINE QFFTAKES SET TO ZERM

FIFOFT(3y Ly MONI =0,
FIFOFT(3e 2y MON) =0,

DIRECT DEMAND FROM MANNUM FIFELINE
THIS 18 THE ANSTEY MILL FILTRATION FLANT DEMARD

TCAs Ly MONY=DETUEM (A4 MON HIETIEM (5 MON2

FIPOF
FIFOFT (4, 2 e HON) =GTODEM (4 MOM) +ETOLEM (5 MON)

Pl
L
INCREMENT MOMTH ANDN CHECEK WHETHER YEAR I& FINISHED

MUN=MON+
TFOMON, LE . L2 G0TOSS
CLOSECUNTT=22)

CLOSE CUMT V=80

CLOSE CUNTT=% )

FETLIRN
M
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SUBROUTINE HRICOF 18 RESPONSTRLE FOR STORING THE RESULTS OF
THE SIMULATION FOR LATER RETREVAL

SUBROUTTINE HREDCOP CISYS e MINREC » STOR STOINF » DEMAND s GF L4y
OEFCIT s EXTRAN PEFFLY )

COMMON ZPMFCEY/ATFSTN TOTPMP CZ) o COSTCE) » TRAN (S ) » DARCTY
ZCORFMF/FMPONT (3 r a2 47 e PMPCET (Rr 1 e A0 vy TRANGE (A 2) » TFUMF (30
TOEYSMMNy TOYSBMX» SUMTCARP (3 o PUMP (X)) » TCOF » TCFY »

THDCEY « TCONSD

AUALFMEAFTPOFT (Ay 2o 120w TMONy TETHIMN LETMAX y DEMMIL » WARTRM»

M 3w EXEMTL
AREGBULTAPERFREM{P v 9o 30 o BYSETR (40 12 147 o BYSPMP (v 12080 » THUR TTOT

LOGTCAaL L THDCRY » TCONSTNC&E)
DIMEMETON STORCLZy 2 »STOINF L3y 1320

NDatea CETMILAS .S

CRUMPED TRANSFERS ONLY) BHARED
M.

DETERMIME THE
AMONG THE SUBESYS

A

TF MYPONGA DR ONO PUMPING SKIF DALCS
TECISYSLEQR L DR TOTPMPCTFETHNY JEQ. 0 260T0L

DEFINE FRACTION a% THE FUMFED TRANSFER INTO THE SURBYSTEM
FART=TRANCTIEYS)
IFCIsYS. FEQ.23007T0114

GOTOCLLO L1l o 102y 113 w CTEY S0

TORRENS SURSYSTEM COSTS ARE AFFECTED RY MILLEBROOK
SQUFFLYING QUT OF THE SUBSYSTEM TO ANSTEY HILL "EXTRANS

TFOTRANCEIFEXTRAN . GF
TFOTRAN CEYFEXTRAMN LT o -5 b
BOTOLLS

= e A Y P AR EPARTHEXTRAN
= VP ART=FART-TRANCE)

TEOTHE NET
THaM T BT

TRANSFER TS OUT RATHER
SOUTH Paka T8 RILLED

TFOTRAN (4 LB Gy YFART=0.
GOT0LLA4

SUUTH FARARELYING DN BOTH WARREN SURSYSTEM TRANSFERS
AMIL SWAN REACH FUMPFING MUST ACCOUNT FOR ITS SHAaRE OF
SWAaN REACH SURFLIES

TFOTOTFMPCE) o LE s TRAMCEI YFART=TOTFMP (3)
FeToLLa

TFOLITTLE Fake TNFLOW EXTRAN TS NOT AlLL SUPPLTED BY
TORRENS SU T e BUT SOME BY MAMNUM PUMPING e CONG TIER
DMLY THE MANNUM CONTRIBUTION FOR THE FRESENT .

TFOSYSATROZ e IMON 1230 ~EXTRAM LT o 8, E-4) PART=PART -
(EXTRAN=-SYHETR (Ey TMON» 13300

TRITTAL CO8T CalCULATIONS

COTRRT=COST CIPSTNIRFART/TOTFMF CIFETND
GOTOZ



1 SHTRRT =0,
2 TFOTEYSoME 4. AND LT8YS . NE S L0TO24
SKIF CanCs TF MO WaRRER TNFLOW FROM FLUMPS
TFCTRANCS)Y S GE . O cORUARTRMN EQR. 0. 2 GOTO24
£ FUMFETC TNFLOW T WARRKEN
N=1

IF (ARG CTRAMOAD ) (OE  WARTRN ) N=2
GOTOCL 22y (LEYE-3)

(:

[ WARRKEN TAKES THE COST OF WATER TRANSFERRED FROM MANHUM
{ TO ADELATTE FIFELINE BUT MNOT SUPPLIED TO BQUTH Paka

[

(RS

21 TFONGER . D2alCsT= (WARTRNATRAN (A4 23 CO8T (2 /7 TOTFMP (2D
TFONGEQ, 2a00CET=0,
GOTOEE

L
I SOUTH Baka BETS COST OF WARREN WATER TRAONSFERRED FROM
V MANMLUM ADELATDE PIPELTNE

i

24 TFINGERQ. LADCST=ABS I TRANCA) DRCOST CEY ATATFME LD
TFIMGEQ. 2)A0CET=WaR TRNKCDET 2 ATOTEMEC2)
23 CHTPRT=CETFRTHADCET

H AN DOST OF TRANSFERRING WATER FROM MANNUMAADELATIE
I FIFELINE TO WARREN SUBSBYSTEM

K

TFOTSYSERe 4 AN TRANCAY (GE O c AND L WARTRNEQ . 420 )
¥ QSTPRTEC&TPRT+MARTHN$CDST(2)/TUTPMP(3)

O AN COST DF MILLEROOK FUMFING FOR LITTLE PARA TRANSFER
IF(IEYS EQ b NI EXTRANGT .0 CETFRT=CHETPRTHCSTMILKEXTRAN

" ABGTEN STORAGE AND TNFLOW UATA TO DATA ARRAY

I=1

D0 3 NRES=IRANGE (I8YSy 1) vy IRANGE (TSYSe 2

GYSETROISYS y IMONy D) =8TORINRES» 12

SYSHTROISYSy TMONy TH L =8TOINF (NRES » TMON )
3 Ta 42

STORE REMATNING ELEMENTS
SYSETROISYS» IMON e @2 =DEMAND

EYSETROISYSy TMON» LOY=8RTLL
SEYSOETROISY S IMON L1y =DREFCTT

Y
s L

INTER-SUBSYSTEM SUFFLY

—
8

]
A

GYSETROLISYE y TMOMNy L2 =EXTREAN
- FUMPER TRANSFER
GYSETROISYS y IMON L3 =TRANCTEYE)

(-
& TF A TRANSFER I8 aN QUTFLOW NOT AN INFLOW D0 NOT AS5TGM
[ T THIS ELEMENT

TF{TRANCTSYSEY (LT 0 0 8YESTRITISYS e TMON L3 1=0,

(- ADJUST LLITTLE FPARS TRANSFER FOR MILLERQOK SUFFLY
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TECIEYG.ER.&ISYEETROAy TMOM» L3 =8YS8TROA TMON 133 ~EXTRAN
SOUTH Paka FUMPED
TFCIBYSE FR.BIAYSETR IS TMON, L3 r=PAaRT

AN MANMUM/GDELATOE PIPELINE TRANSFER TQ WARREN SURBSYSTEM
FPUMPET TNFLOW

TFCITSYS Bl 4. AND WARTERM EQ 4335 )
GYGHTR (A IMON 1Z)=8YSETR (4 TMONy 130 HWARTRN
HYEHIIQIWYHv.MﬂNtI43M.L]IlT

SYORE FUMPING DATA

TORKENS SUBSYSTEM 185 NOT INCLUIED SINCE LITTLE Faka ol
THE PUMPING aND I7T8 OFERATION IS CALCULATED SFTER
TORRENG HENCE LITTLE Fafd TRIGHERS MANNUMSADLELATOE
FUMPFING DATA STORAGE .

1! )
Lk o

TFOISYS.ER. 2. 0R.ISYS. 6T, 40G0TOG
[..l T“u

MUMEER OF FLUMPE
MEPMP G TPUMP CLRFSTNG /100

TIME DOF DAY
JTIME= (TRFUMPCIPSTN) ~NPMPEXL1003 710

WEERS IN THE MONTH
QEEKS%(TFHVFfIP“TN> NFMFPSHL OO~ T IMERLG )1
SYSFMPCIPSTN TMONy L) =NFMFE
SYSPMP CIPETMy TMON» 22 =J7T ITME
SYSFMFCIFSTN e IMON» 3y =WEEKS

TOTAL PUMPED AT STATION
QYSEMF(IFSTNy IMONy AY=TO0TFMF CTFSTND

FOOFELINE DEMANDES REFORE METRO aADELATDE
SYSFMF(TRGTMy TMONy S =R IRFOFT CIPSETN 2y TMON

AL ANSTEY HILL DEMANDS TO MAONMUM FIPELTNE DEMANIG

TFCIPETNLEQR, 2YSYSPMF (2 TMON ¢ 5=
SYGFMP 2y TMON ZYHFIFOFT C4 v 2y TMON

DEFINE AMOUNT SUPFLTIED BY MILLEROOK INTO MANNUM/ADRELATIE
FIFEL TNE

TFCIFETNER @ ANDL PSPFLY « GE QP BYEPMP (2 TMON 70 =FEFPLY
NET VOLUME aVallaBll FOR TRAONSFERS

EYSPMPCIFSTNG H“IHNMJ"" YHAFMPCIFSTN TMON e 42 4
GYSPMPCIPSTN THON # 2~ 8YEPMP CIPETN THON T

—

COsT OF PUMPING

GYSFMPCIFETNy TMON ¢ B0 =008T CLFETND

AT MTLLEROOK PUMETNG COSTE TO MANNUMAADEL &TDE PIPELTNE



- COSTS

TFOTFSTNGER 2 ANDLFEFPLY 6T . 0 YEYSFMP (2 TMON 80 =
¥ 0 GYSGFMP (2 IMON 80 4+CETHILKRPSPFLY

4 TFOIMON, LT 12 OR- I8YS LT . LEYSMXOGOTOLE
STORE DATH AT THE END OF EACH YEAR IN FILILES

TFCTHDOCRY . EQ.10GOTOLL

THOCP Y =

TCOF =

TOPY =]

OFEMCUNT T2 e MAME="0OUTRUT D&ET 7 o TYFE=“NEW » ADCESS= " DIREDT
¥ o FORM=FORMATTED Sy RECORDE ITZE =100 A : a

OFENCUNTT=8e NAME="QUTFMP DAT 7 2 TYF
¥ FORM= " FORMATTED  f RECORDSG TZE =42 v AES1)

GOTOLE

11 QFENCUNTT=7 y NAME="DUTFUT . TET o TYPE=70LD » ALCESS="DIREDT 7

¥ 0 FORMs FORMATTED » RECORDETZE =100, ARSQCTATEVARTARLE=TCOF)

OFENCUNTT=0 s NAME =" QUTPMP DT 7 o TYFE:: 2OLD T » ACCESE="DLRECT
¥ OFORM=FORMATTED » RECORDEIZE =42y 08500 TATEVARIARLE=TCRY

M DETEEMINE MOMTH LN FINANCIAL YEAR
f

12 KMON=MINREC- 13X MINRED 120
K (KMON-13 /4
SHON=RKMONS (-1 k4

o WERITE DIATA

no L3 J8YS=ISYSMNy TEYSMX
I 13 MON=JMONy 12
WRITE(Z TLOF 100 s (GYSSTROJIEYS yMONy LDy =1 214D
100 FORMATCLEAF? Qe FY. 00
13 CONTINUE
no 14 JPSETN=TSTMIN TETMAX
0o 14 MON=JIMONy 12
WRITEE ICPY 102w (BYSPFMP CIPETM e MON» ) v dul v 83
13 FORMATOBF2. 0 4F7 . Gy FE.O2
14 CONTINUE
CLOSE (CUNTT=7)
CLOSE (UNTT=3)
1% RETURN
END




SUBROUTINE SKILL CALCULATES AND STORES THE FERFORMANCE
NETa GENMERATED DURIHG THE SIMULATION FOR THE OFERATOR.

SURROUTINE SRITILL

COMMON ZCORFMEPMEPONT Oy L& 42 y PMPOST Sy Ld o4 » TRANGE (&)
TEUME (3 TEYSMNy TEYSHX » SUME AR (X y FUMPF (3 » TCOPy TEFY s THOCFY v
IGONST

JOALHLIZDTIEM (A 12) v STHEM (Gr 127 » STOINF CLE 12y DEMMYF (20 120 v

N

o
LF N

[

s 0 1

&0

IR
L oh 2

®

UPEN(UNITﬁ?yNﬁMEﬁ’SUBFDRMQDQT’yTYPEﬂ’DLnyﬁCCESF“’

WARGFL s HAFULY s TOTDEM e TSTDEM» TETINF » FEFFLY » THFFLY
JOORCAL/DETIHE Cay 2 L2 o MYPTERN TRANGF (L2 2 y BTORCLZ v 20y
GOLE 12 y IMONTH e MONTH e MINREL

SREGULT /PERFFEM(7y 8 37 o SYSRETR (A 120 140 v SYSPMP (3 1280 ¢ THURL TTOT

LOGTOALYL THOCEY » TCONSINGSH )

SET AGS0CTATE VaRlaBLES

FORM= FORMATTED  » RECOR
AGSOCIATEVARIARLE L

UPEN(UNITﬁByNﬁMEw’TGTFURM+ﬂﬁT’yTYPEﬂ’NEN’yﬁCHESﬁmiﬂIRECT’.

FORM=FORMATTEDR » REQDRDSTZE =78 EXTENDETEE=1y
ARSOCTATEVARIARLE=TTQOT
GOTOS

EORM:= FORMATTED? yRECORDSIZE=72,yASS0CTATEVARTARLE=1SUED
OFENCUNIT=8y NAOME= TOTFORM. TAT 2o TYFE="0LD 7 » ACCESE

PURM:’FORMQTTED“vRECDRDQIKER?ByﬁSSOCIﬁTEUﬁRIﬁBLEﬁITUT)

fom L MONTHLY FERFORMANCE

K= ANNUAL PERFORMANCE

=3 TOTAL SIMULATION PERFORMANCE
0o S00 Ka=le3

INITIALLISE THE FERFRM ARRAY ELEMENTS IF
FREQUIRET

TF R ER 2 AND TMONTH NE 1 - DR ER 3 GOTDL00
INITIALLISATION,
0o 10 J=1s9
PERFRM(7 s Jy KD =0,
D0 10 JEYS=ISYEMNy ISYSMX
FERFRMCJSYSr Je K2 =0,
ABSTON DATA TO ARKRAY ELEMENTS
IO 200 JSYH=IEYSMN s ISYSHX
INFLOW INTO EACH SUBSYSTEM

N0 110 NRES=TRANGE CJSYSe 1) v TRANGE (JSYH 2

FERFRM (JSY S 1o K =PERFRMIBYS e Ly KYFETOINF CNRES y TMONTHS

TOTAL HEMANT

THE=DIRECT

DIRECTS

R

TOIRECT
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140

150
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200
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200
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EES B A R AN

350

FERFRMCISYSy 2y K I=PERFREMOJSYSy 2y KITEGTIEM CISY S THONTH)

TOTAL TRANSFER INTO SUBSYSTEMIPUMFING AND
THANSFERS .

FERFRMOJSYSy 3o K2 =PERFRMOISYS e 3y EIFEYSETROISYSy IMONTH» 13) 4
HYSETROIGY S TMONTHe 1270

TOTHL COST OF WATER.

FERFAMOISYE» 4o Ky =FERFRMOJEYS e 42 K AEYSETROISYE y IMONTH 143
TOTAL  SFILL

FERFRMCIEYSy Sy K y=PERFRMOJSYS e S KIHEYSETROISY S TMONTH 100
TOTAL DEFICIT

FRERFREMOIGYS s & R =FPERFRMOJEYS e Ay KIHEYSETROISYS y TMONTH 110

COST OF SUPFLYTNG DEMAND-CENTS/KL
CRFRMOIBYH 2e KDY L EQL O 3G0TDL20
PCIEYSy 7y KDY =PERFRMOJSYS v 4o KDY ALPERFREMOISYS e 20 K0K10)

ANTOLRO
:hh!thJ Y Gy Fe R Y=,

FRACTION OF EXTERNAL TRANSFERS USED FOR
DIEMAND

FUPERFEMOISYS s 3o K2 L LE S E-40G0TOL40
FERFRMOJSYS y 8o KDY =FERFRMOJEYS « 2y KDY APERFRMCISYS ¢ 3¢ 10D
GOTOLEO

FERFRMOISYS» 8 K =0,

FRACTION OF NATURAL INFLOW USED FOR DEMANI

lf CPERFEMOISYS 1R EQ0.0G0TQLAG

FUIEY S Sy RI=(FPERFEM(JSYSy 2y ) -FERFRERMOISYS» B KD D
RMOIGYSy L v KD

GOTO200

FERFRM(JISYS 9o KY=0,

CONT TMLUE

NOW TARE THE SAME FAREMETERS FOR THE WHOLE SYSTEM.

ne 300 JELEMT=1eé
Ui F00 ISYSE=TEYSEMNy I8YEMX

FERFERM O e JELEMT s K)=FERFRM {7y JELEMT » KD HFERFRM CIEYE » JELEMT» 1)

TFCPERFRM (7« 20K GERL OO GOTOILO

FE “"Mk/u}vl1“%Ehfhﬁk’u4yK)K(PEHPRMi?yﬁvH)$10)
GOTO320

FERFRMC? o7y Km0,

TFOPERFRMO? 9 3o R LE S, E-4 ) GOTOERG

FE MO e By K =FERF hM( e 2w KDY ASPERFRMOZ » Zv 0
GOTRAR4A0

FERFRMOT vy 8o ) =0,

TFOPERFRMOZ o Ly K2 GEQQGOTOXEC
FERFEMOF e P B = (PERFRM 7 ¢ 2 B =FERFRMO? e Zo K33 AFERFRM O« 1o KO
(BOTOILHO

FERFRMOT e IKT=0 .
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FROGRAM BEVAFORICALCULATES EVAF FROM SUFPLIED STORAGE VS EVAFORATION
CURVES AT EaACH RESERVOIR FOR EACH MONTH OF THE YEAR.,

SUBROUTINE EVAFOR(STRyNRES y TMONy EV)

A 2 - " T SO e e A Ay T, SRR

EOMMON/EVAPTIAT /EVAPNC 154 5 1.3)
DIMENSION EVAF(2) s8TORDD

I=1

READ EVAFCRATLION DATA UNTIL INDEX FOR THE DESIREL STORAGE
I8 FOUND.

IFﬁNrfﬁbﬁﬁéﬁBECEUﬁPNiI»i})}GUTﬂli
L=l d
h{F1i*

DETERMIMNG THE POSITION IN THE DATa CORRESFONIING TO THE
CURFEMNTLY HELL VOLUME.,

=141
IF CBTRLLE CEVAPN (D 1) BOTOLS
NENES]
GOTOLEL
ASHIGN VALUES FOR CALCULATION.
STOR (1Y =EVAFN(J~151)
STOR(2)=EVAPNC.Js 1)
EVAF (1) =EVAFN -1y IMON+L)
EVAF (2 =EVAFN (Js TMON+1)
INTERFOLATE THE EVAFORATION.

BTR-STORCL) ZCSTORC2Y-ETORCL 2 )R (EVAR (2) ~EVAP (1) Y +EVAF (1)
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SURROUTINE WEIR DETERMINES THE TRANSFER OF NATURAL
EaCH OF THE TWO WEIRS INTO THE RESFECTIVE RESERVOIR
ACCORIING TO THE WEIR CHARACTERISTICS IN WIRTRF‘.

SURROUTINE WETR(STOR ST TRANS)

DIMENSTION WIRTRF (240

DaTH WIRTRFA4200. 0 L1000 vy 4200, v 11000,y 17450 v 446120, ¢

OETERMINE WHIOH WETR 16 BEING CONSTDERET.
EXTHER CLARENDON (TWEIR=L1Y»0R GUMERACHA (T

TWETR=-INTCSTORALG .

FIMOD THE FELEMENT TN TRANSFER FUNCTION ARRAY
THE CURRENT STORAGE C=TNFLOW ONLY)

\..r = :I-
TF (BT LEWIRTRFCIWETR D 3EOTO4R
MECE S

TF OTHE COUNTER “J7 IS5 DUTSIDE THE RANGE OF
THE HYDRAULID CAaFATITY OF THE TRANSFER TUNN
Rl ds CHET .

TR ER, SEOTO4S
GRTO4A

HAVING NOW MATCHED THE CATOHMENT INFLOW THE
UTIVE ELEMENT IN THE ARRAY GIVES THE AVATLA

LINEAR INTERFOLATION I8 USED TOQ CALCULATE B
SUPFLIED DaTa POINTS.

GOTOCAZT 440 001708
TRANG=STRWIRTRF CITWE TR » 32 AWTRTREFCTWE TR 17

GOTOAE
THRAONG=WIRTRF (TWETR 234+ CCET-WIRTRFOTWETR 1307
CWIRTRFCIWETRy 30 =WIRTRF CIWETR 13 008 CWIRTRF CTWE TRy 42
wWIRTRFCTWE TR« 200

TS

ThANG=WIRTRF CTHETR 40

ITNFLOW AT

STORAGES

GLO0 v 24200,/

FoER=20

METOCHING

THE @&RRAY » THEN
L HAS REEN

NEXT CONSEC-
BLE TRANSFER .

ETWEEN THE



" SUBROUTINE PME2 .. L CCALTET S TD Vel

TOTAL FUMFET ”leh; 5\"” B FPURPSTATION ANDD ALED THE TR&RHS

FROM THE AS50CTATET L IMES TD ANY STORGEE REQUESTING .

THNFLOW. COST OF PUMFING AT THE STaTION I8 FINALLY CalULaTED.
L0

SURROUTINE FMECISYS TPEVHy MRES  NOYCLy PGFFLY » TEPFLY

L

ad

— o

e O

COMMON ZCALFMPARIFOFT (42 120 o THON s TETMIN TETHMAX y BEMMIL »
A WARTRNy MAXFMP O3 o EXEMIL.
N ACORFMEP/PFMPANT (S Lé e A0 o PMPOSET O30 L6 o 40 » TRANGE CEHy 2Y o TFUMP (30
¥ TEYEMN [EYSMX e SUMTAF CE) o FLIMPCE) » TODF » TEFY
A THIOCPY » TOONSD
COMMON ACORCALSTDETINF (& 2y L2 o MYPTRM e TRANGF CL2v 2 o STORCLZ $ 20y
B G012y L2 TMONTHy MONTHy MINREL
b KFHTLIWKIFLTNyTETFM}\KEyLUL TOERT e TRANCEY y CHFETY
JHETUFATRAR s TOALE s SMAX (&Y » XMINCLZ2) o YMIM L2 o YMAX (L2 TCOUNT »
B TETRTMYPyNOTRAN e MLLEBRK » LFARA SFARA Y TXES

LOGTCaLAEL NUL ¢ THIROPY » TODNSD A o TRARCEY y TOALC AT vy TETRT ¢ MYF
* NOTRANy MLLEERIK TSy NUMCED
B
Feloil. NOWFMEPOE)
G

NIMEMSTON MTIME(IvZED

AT NTIMECARSUMAL vl ldedl v 18 1ded vl A 1470507

Fo o

; FIND WHICH FUMPSTATION I8 REQUIRED AND WHAT THE
- OFFTARE CAFACLITY TS-FROM TRANSF .

L2

TF‘TTN INT(ARS CTRANSF (NRES» 233
CAFCTY=(ABS(TRANSGF (NRES 232 -TFSTNIRLQGOGOO0
qUMLﬁI(IIbTNJ 0
1 WRITECLQe 12000 IPSTN:CAPCTY» TFUMPCIFETND
DL2006 FORMAT (2Xy FFUMF 7 22X “TFGTN o T2 “CAFCTY o F7 . 0w 2 IFPUMP 7 v T35

LFDATE THE NUMEBER OF OFFTARES FROM THE PUMPSTATION

—
A

'EY“MNvlar\HV
4 CAEYSy Ly TRAMGE CUEY Sy 2

CHECEK WHETHER THE STORAGE 15 MYPONGA RESERVOTR (NO FUMFING? .

[ A

TF ARG (TRANSF CIRES 20 Y LT 10G0TOL 3RS
[ DETERMINE THE PUMPSTATIONG TN USE
TETH=ABS CINT CTRANSF CIRES 2 20

» ATJUST MAXIHUM AND MINIMUM FUMPSTATION INDICES FOR THE AREA
e OF STMULATION.

TFLTETN LT TR TMINY TS TMIN=TSTN
TFCTSTNGT . TETMAX I TETHMAX=TSTN
TFOISTRNeNE  TFETM OR TRANSF CURES » 2y LT L2E0TOLS

- TFOIT 18 THE CURRENT FUMPSTATION ANDC FUMPING T8 DESTRED
o THOREMENT “GUMOCAF  CNUMEBER OF DOFFTAORKESY .

SUMCAP CIFPETN =SLUIMOAF (TFETMNY 41,
135 CONTINUE

t: TONORE INCREMENTED MUMBER OF OFFTERKES TF PREDICTIVE MODE .
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X

ALLOW FOR LEAVING all VYalLVES SHUTyDESFITE Fiapi TG
BEING SEECIFIEDRY RESETTING <TWKS? VARTARLE.

IF THERE ARE OFFTAKES FROM THE FIFPELINE DR TF It IS
SWAN REACH»BOTO CALCULATION WITHOUT MODTFICATION.
THIS 18 BECAUSE WARREN RESERVOIR IH ALWAYE avall.apLy TO
ACCERT PUMFED INFLOW.

IF(SUHDQP(IPSTN)eGTeOooﬁﬂeIPﬁTNeEQoKFGDTUI4O

TWES=0

GOTOLAL
THE CURRENT FUMFING OFERATION FOR THE FUMPSTATION
16 GIVER BY IPUMPCIFSTN?  DECOMPOSE THIS T BIVE THE
REQUIRED ELEMENTS FOR DETERMINING THE U TLAL.
BUANTITY FUMPFEIL.
NMUMBER OF FUMFE

NEUMFS=TRUMFCTFETNY /100
TIME OF DAY OFF-FPEAR ON-FEAR SPECTAL-ON-FEAR

Maz (CTFUMF CTPSTNY ~NFUMPSX100) 710
JTIME=NTIME (Ms TFETN?

WEEKS WITHIN THE MONTH
TWKS= ( LRPUMP CIFETN) ~NFUMPSX100~NX10)~1

TE IN FREDICTIVE MODE.CALCULATE MINTMUM FUMPFING REQUIREMENT
TFONDYDL « GE « 2 TWRKE=0
CONTINUE
WRITE(1Q14007) SUMCAF (TFETND s NFUMFS s Ny TWRKE » TETMINy THTMAX
FDRMQT(EX»*SUMC%P’rF3¢Gy’NPUMPS’yI29’N’vlﬁy’IwHS’yIﬁr

FTIETMIN » T4y IE8TMAX T4

USE THE STOCHASTIC OR DETERMINISTIOC FIFELINE OFFTARE
DEFENDING ON THE Valug OF “IFRVMWT.

JEl
TECIFRVWEQ. O ANTL NCYOL « EQ . 10 =i

CALCULATION OF PIFELINE OFFTARES

FOFQEF=FIPOFT CIRFETNy dy TMOND
TFCTFETNNE. 226070148

MANNUMSADELATRE FIFELINES
AUD ANSTEY HILL TREATHMENT WORKS DHEMAND TO O FTRELINE OFFTARE.

FIROFF=FIPOFFARFIFOET (40 0y TMOM)
TFCTFRUW ER . 1 ORGNCYOL L GEL. 226070142

ALLOW FOR THE FUMPEDR SUPFLY FROM MILLEROOR K B G E RO R
ACCERT MODE (TPRVW=0Y AND CURRENT MONTH ONLY.

PIPOFF=FIFOFF-FSPFLY
A0TOL46

TRNCLUDE LITTLE Fara DFFTARE IN PIFELING Vi Fa NI .
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145

1
01450

L4460

—~ o
FS I I W I SR

(9K}
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b2

TEENCTOL BRI P IFOFF=PTRPOFFHTRANC G

TF NOT SURFLYING FROM MILLEROOK FRESFERVOTR GOTD CHECK
CAFALITY UI MANNLUF-ATELATTE PIFELTNE,

TFATSFPLY  LE .~ 1) EOTHLAS

NEFINE THE FOTENTIAL FIFPELINE DEMAND ON ML L BRI,
FREVIEW MODE (IFRVW=1) ONLY.

MILDEM=RTFOFT (40 Ly TMONS
TEONCYOL cEQe 1 MILDEM=MILIEMETRAN (S

DEFINE THE FREDICTED AVATLARLE TRANGFER A% RETMG THE
AVERAGE TORRENS SYSTEM INFLOW CORTIMISTIC) e &ND GEE
HOW MUTH OF IT IS USED.

WRITECLOy 14300 EXSMIL

FORMAT (23X "EXSMIL v F7. Q0

GOTOCL4Z s 1445 1430 NOYCL
ﬁUﬁILwDETIHF(EN1PIMUN}WMILHEM+I KEMIL
GOTOL 4%
AVATL=DETING (3o 2y TMON M ILDEM+EXSMEIL

MATCH “MILDEM? TO OFFTAKE IF REQUIRELD.

CONTINUE
WRITE (10y14%50) AVATL yFIFOFF y MILIEM
FORHQT(EX?KAUAILXPF?QQP!PIPUFF/PF?@OPRMxLDEMIPI&)

MODTFY DEMAND ON FUMPS IF A TRANSFER T8 AVATLAGLE.

IF(ﬁUﬁIL«LT§OeoANﬂoﬁBS(ﬁUﬁIL)«LE+MILDEM)PIPOFF$
FIFOFF- (MTLIEM4AAVATLD
TF{AVATL . GE . QO PIFOFF=FIPOFF-MTLDEM

TF(NCYCL «GE.2260T0LAa8

CHEDK CARARITY OF CRITICAL SECTION OF MENNUM-~ATE LA TDE
FrIFELINE «

YENEM=F TROFF-FIFOFT (2 Jy TMOND ~CAFSUM
TFOXSTEM o LE 0 D XEUEM=0

WRITE (10144601 XEDEM
FORMAT (22X "XEDEM o F7 .00
TFOXGUEMERQ,2G0TDLAT

TF FIFELINE CARPACITY I8 EXCER
REDUCE DEMAND 0N PUMNPS BY THE FRADTION THAT (X CEREDES

THE CARPACTITY .

PO O s R OF - KGN

SET THE FLAG ON MILLBROOK TO INDICATE THaT 17 MUET
SUFFLY

TECTRANGF (&2 o LT 0« « ANDABS CLEFFLY Y B
TEFPLY=TSPPLYXLO

CHANGE THE TRANSFER CHARACTERTS SOTD REQUESTING ITHFLOW
INTO MILLERODK. THIS EXCESS WATI THEN BYFOGSEES THE FIFE-
LINE SECTION WITH THE CRITICAL CAPACTTY ANl P N T E RS
THE PIFELINE V& THE MIIIH FOOE RESERVOTR PUMPS.

oy,




Lz

IF WARREN SURSYSTEM REQUESTS TRAMSFER INCLUDE IN OFFTAKE .

TF{WARTRN EQ . A25, 3P IPOFF=PIFOFF+425,
CONTIMUE

1 MHITE(109149O)9PIPUFFyPIPDFTEIP“TNJJvIHUN)
nL490 FORMAT (2X s "FIFOFF o F7. 00 "FIFOFT o700

o R
-&4‘5

—

TF FUMPING IS5 ONLY INTERMITTENT(IWRS=0) 0OR IF
WHOLE MONTH I8 USEDCIWRS=4) GOTOL30

E‘)(‘z&";ﬂ

TFLIWRS JEQ. QO ORIWKE . EQ. 42 GOTOLE0
WEERS=FLOAT (TWKES)
GOTOLZ0

£ FINDG HOW MANY DAYE I MONTH 2IMON e &ND THE NUMEER OF
™ WEERS “WRE .,

1E0 hUTU(;v\uA.%JA.E. Ty Lo B ey 3o 2o TMON
1 NDﬁY‘

GOTod
3 NTIAY S
150 AT E NHﬁY*’

Sl

{
o TFOTHERE aRE SPECTIAL PUMPING DONDITIONS TN THE TORRENS
( SYSTEMGOTO Cal.CULATION,

TFONUL GE . LaG0TOLES
[ DEFINE THE TRUE NUMRER OF WEERKS USED.
TFOTWRS EQQIGOTOLEE
WEERG=LWKE
GOTOLZO

G FOR INTERMEITTENT PUMPING, CALUCULATE HOW MUCH FPUMPLING
& NEEDED TO SATISFY PIFELIHNE DEMANDS ALONE.

- RE-TNITIALLIZE VARIABRLES.

J
1&HE SRS
LT IR

"
[ DEFINE FUMF DEMANDION MANNUMASADELATDE FLIFELINEy “NULS
[ INDICATES CERTAIN CONSTRATNTS SEE LATER IN SUBROUTINE .

&0 DEMAND =R TROFE
TFONUL CEQ 2 DEMAND=P LR+ RSDEM
TFONUL « EQ« ZYNEMANI=FIFOFF S TRAN C3

u
G CALCULATE FUMFED UDLUNME BY DETERMINING THE NUMBER OF
L WEEKS REQUIRED TD SATISFY DEMAND.

| O.Ke IF CWEEKS® 18 LESS THAN MOMTHLY TOTAL .
IEMANDL/FMPONT CIFS TNy JTINE » JEMEES)

CLE L WRSIGOTOLES

W R I G
TFCWEERS

[ TFOTHE QUANTITY WILL NOT SUFFLY THE
I WITHIN THE MONTH(WRS) THEN TNCREMENT M
B CMORE ECONOMIOSL THAN FJTIME S TNOREMENTS

AMOUNT

PG JFMPS L

[ CHEDK  THE MaX MUMEBER OF FUMPS aVATLARLE.



I
TFCIPMPE . GT . MAXPMP CIFSTHN Y Y GOTDLAZ
GOTOL&O

o ITF O AFRMPS GREATER THAN THE MAXIMUM PUMPS AVallaglLme,
L TNCREMENT JTIME AMD START AGATM.
-

JTIME = JTIME+ 1
GOTOLA0

AESTEN CALTINLATION VaRTaRLE.

&3 NFLIMF G JP PG

I FCalbUlaTIONG aRE FOR EENT O MOMTH OR FIRST TIME
M THROUGH FOR THE SUBSYSTEM DEFINE THE FUMPING STRAETEGY .
!

TFONCY DL o EQ L QR NOCY L B 2 AND TOALTCIEYE Y JNE L. AN,
A ITMON.EQ. IMONTHYGOTOL 44
GOITOLAS

REDEFTIME THE FUMPING VARTARBLE ACCORDING TO THE MODIFIED
STRATEGY .

CEDORLY TIME OF DAY USED A5 OFF-RPEAR» QN-FEAK « DR
SPECTAL~ON-FEAR .
&4 REN

TFCITIME GTNTIMECLy TFSTNDY IN=2

TFCITIME GTNTIME (2 TFETNY I N=3

RECOMPOSE THE PUMPING CHARABCTERISTIC

TRUMPFCTFETN =P UMPFSKHLOOSNKLOFINT CWEERS )Y 41
1&5 NUL.==0
I WREITECLOy 1430y TFSTNe TFUMPF CIFSTND
DI&30 FORMAT (2K “TFSETN o L4y 7 LFPUMP 7 0 140
c

h

o

NOW CALCULATE THE ACTUAL QUANTITY FUMFED AND THE
REDUCED AMOUNT AVATLARLE AFTER PIPELINE OFFTAKES
ARE SaTISFTED

1720 MOWFMEP CTPSTN Y s EMPRNT CTFSTN e JTEME  NFUMPFE YRWEFEKS
TFEOTPETNNE 2 ORNCYCL GE . 22B0TOL700

2

EXAMINE MAMNUM=-aTELATIE FIFELINE.

WRITECLIQOe 14400 NOWFMFCZY oy PTFOFF » XEDEM
&40 FORMAT CEXy "NOWFME o FZ Qe "PIFOFF 7 o F 7,00 " XSUEM o F7 .00

INGUFFTCYEMT SUPFLY

[ i el

TFONOWFMF C20 - (P TFOFFSXEDEMY s LT o =5 B4 ) NLHL =2
0 TOO MUCH SUFFLY

TFOABS CIEFPLY ) S EQ L0 AND  NOWFMF (20 = P TROF - XSTEM )
Ko G GT e S B I NUL =2

- ING ETTHER CASE»RECALCULATE FUMPED VOLUME .

TFONUL CEQR20E0TO0LE0

" REMOVE QOFFTAKES FROM THE QUANTITY FUMFED
C TO FIND QUANTITY AVATLAELE A% TRANSFER
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17200

i

01756

[ AR A A R A

)
u
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17%1

701

71

P

]
7.

741

ToE o THE FRACTION NOT ALEESDY SFOKEN FOR.

FUME CTFSTN) =NOWFHE CTFSTN ) ~F ITFOFF

WRTTE (L0 1799 » NRE ?le'MF(EISIN?‘FUMILII ----- BTN » WEEKS y JT IME » NFUMF S
FORMAT (23 “NRES v T2 v *NOWPME* ¢ F7 00 PUMP Y v F9 o 3s WEERS o F3
COTTME w 15y NFUMPS 0 T3)

ENSURE THAT avallasll PUMFING TH NOT MEGATIVE (WITHIN
LIMITS) .

ITFOPUMP CTRFSTNY CGE . -5 -4 60TOL7 L
WRITECLIG» L1791y FPUMFCIPETNG
FORMAT CHX 0y “NUILL T » 42 e P PUIMP 7 v F9 030

TF O INSUFFIDIENT FUMPING- FPUMPFOCIPSTNY O NEGATIVE-SET “MULY
ANTY RECALCULATE .

NUL

lf(]hﬁMSF(NHE" 21LGT.0000TOLTE

TF OPUMPING O.K. BUT NO TRANSFERS ARE REQUESTED CHECK
SOME LIMITS.

WRITE CLO 1792y PUMPCIFSTRD
FORMAT CSX e "TRANSF w42 TFUMF o FP 30D

TF LITTLE Faka NEEDS WO TRAMSFER, BUT MILLEBROOE DOES 0K,
TFCISYSER & AND TRANSF (423 (GT .0 G0TOLED

IF EXCESS MURRAY BRIDGE FUMPING T& AVATLARLE BUT MOUNT
BOLD NEEDS NO TRANSFER MODTFY PLUMPING.

TFINRES FEQ 2 ANDPUMF CL) BT 5 E~-4360T01701

WRITECLO 1793 TRANCII v TRANCE D o FLMF (20 « DEMMIL

FORMATC2Xy "TRANZ o F 7. Qe TRANG v F7 0w "PUMPR2/ yF7 0y "REMMIL S »F7.0)
TFOIEYS . EQH)TFIN=L

TF EXCESS MANMNUM PUMPIN[ 1f AVATLARLE BUT MO MILLEROOK

OR LITTLE Faks TRAONSFER TS NE MIUvMUhI[\ Fridpf TG .
TF{IPSTHNLER 2 ANTI PUMF (2 BT« 5 E
GOTDLRO

DEFINE THE TRANSFER aUallaBLE TO NRES LINDER THE
EXTSTING FUMPING CONDITIONSG

GUTOCL 731741752 e TPSTN

ONKAFARINGA

TRAN (2 3 =FUMP L)
GOTOLEO

CHEDK CAFACTITIES OF MAaTNG AlaTNEY PFROFOSED TRANSFERS.

Um’]”(l, v\\tl:’*flrL)‘\l A

TF OPFREDICTING FLUTURE MONTHS OR MAONNUMAADELATDE PIFELINE
LIMITE HAVE ALREASDY REEMN CHECKEDSKIP ColOo.

TFONCYCL GE 2 0RCTIFINLGEQ. 1)6OTHLE0
TFIN=Q

CHEOK MANNUMAADELATDE FIFELINE LIMITS WITH ND MTLLBROOK
TRANSFER .



TFOTRANSF (& 205 LT 0, 2G0TOLAL]
GOTOLSO

E SBET MILLERQOK TRANGFER.

1744 TRAN{F ) =FUMF (2)
TFCTPRVWER . 1 ORMEYCEL o GE . 23 5B0T0130

STOMODE (AETOUHSETIC DAaTary Al

" COMONTH
THE DFFTAKE CaratlTy T8 NOT EXCEETET

L S O &1 0
CHECK THA

T TS

TFOTRAN(Z) S LECAPCTYIGOTO LB

TF DFFTAKE CAFACITY EXCEEDED RECALGULATE TRANSFER AN
FUMFING

[ (R S

TRAN (I =0CAPCTY
NI =3
GOTNL1S0
SOUTH FARS AND WARREN SYSTEMS
IFCISYSEQ. S ORSNCYCL . GE. 226070180

DEFINE WARREN TRANSFER,

[ I I A A A
g
3

TRAN(4)=FUMF (3)-TRAN )

MODIFY TRANSFER ON SCREEN.

OO0

jo
ea]
L)

TFC(TSYS.0F 5, AN NCYCL o EQ. 1Y CALL NMERCISYEXL0004+2L s TRANCIOYE) »
X by (F&.0072

IF CURRENT MONTH QR FPROGRAM INITIALLISATIONySET TOTAL FUMPING
FROM FUMFSTATION TO CURRENT VALLUE,

GOon

TFCNCYOL EQe L« ORLNCYCL L EQ 2 AND S THMON EQ o TMONTH « ANI.
¥ ICALCCISYS) NELLIGOTOLEL
GAOTOLE2
SET EXTERNAL FUMPING VARIARLE TO INTERMAL YARTARLE
51 TOTFMFCIPSTNY =NOWFMP CTFSTN

CALCULATE TOTAL COST OF PUMPING.

OO0~ 1300

COSTCIFSTNY=FMPCSTCIFSTNy JTIME » NFLUMPE ) TOTRMP CTFSTND .
182 CONTIMUE
n WETITEC(LOy 1800 NOWPMPCIFETNY » PIFOFF ¢ FUMPOIFETND » TRAMCTEY S
41800 FORMAT (2X e “MOWEMFZ » Fé 0 “PFIFOFF o P& 0 TPUMPCIFETNY 7o Fé. Oy
il ¥ CTRAN s F&.0)
RETURN
END



1743

1743
1744
LE4N

1746

17750

X

b

GURROUTINE SUPFLY D SURFLIES
SOUTH FPARA OR LITTLE FARA SURSYSTEMS .
FLAGS LPaRa AND SFARE PREVENT
EacH TIME IT I8 CALLED.

INTERACTIVE FROMPTS F

SUBROUTINE
TRANSF » FTFOFT)

LOGICALKL LFARA GFARA

DATA CAPWI ARSI CAPSUM/ PELE . v 6470 v 7100/

IF TPRY
Loy NOT

=0 ACCERT?
FROMFT ,

MODE 3 OR MO TRANMSFER

I crrn«'ux¢|r1ﬁqu{w\b TRANGE LT« Qa0 HOTOZS
COFCTY= (TRAMSF~INT CTRANSF ) Dk B

SET UF PROMPYT FOR LITTLE FARA TRANSFER
TFOLPARA . EQ LIGOTIEZ42

Calll. SUBRILED

oLl OFF (63D

Coll APNTIO.» L&D, v v =Fo~112

[ﬁll TEXT(~2e " TYPE IN DESTRED
le=2s 7 THE FIFELINE TOQ LITTLE
v-2p 0 AN PRESS "CR®. 70
CAlLL TEXT{Ly—2y 7 (OFFTARE
L ESURCATY

LFARa=]

Call. OFFCE22

Call, ONG&ID

TYPFELZA3

FORMAT (2X e “NEW TRANSFER="%
HEQD(591?449ERRWIJ4J)lelhh
FORMAT L)

BOTOL? 44

Call CLR

GOTOLZ42

Call, TLR

Cald. DFF {830

FﬁLL L5

OFFTAaKE
FasRiie oy

FROM »

CaPalITY=

HE00MLL Y 7

CHECK FOR TRANSFER CAFACETY

TFCTRAN.GT . CAFCTY ) TRAN=CAFCTY
GOTOIS

SET UF FROMPT FOR SOUTH PARA TRANSFER
TF (SFARAED, 1 60T
CalL SUBR(&44)
CALL DFF (640
CALL AFNT(0, v 160 ¢ s =Hu=1)
CALL TEXT(-2s* TYPE IN DESIRED TRANSFER
Le=20¢ ¢ SOUTH FARA»AND FRESSE DR, 7

O (CTRANSFER CAPACTTY=2310ML) 7 )
BUE A
31
OFF

D17E1

T

$ T
ALl
GF AR A

b

(NI

]
1

(H2

REDEFINTITION

SURFLY (IFRVWy TS8YS » TRAMy LFARSy SFARA Y TXGy

OR OFFTARKE

OF THE

REQUESTED

Z0TO

FEOMPT



1752
125E%

154

CAall. ONC&4D
TYFELPE2

FORMATC2X s “NEW TRANGFER= "¢
READCEy 1733y ERF=1 2540 o TTRAN
FORMOT (LD

GOTOLZEE

CALL CLR

GOTOLAEL

Call. CLRK

Call OFF{64)

Call. ONCEH2)

TRAN=FLOAT CTTRAND

CHECK FOR EXCEEDEMCE OF TRANSFER CAFAZITY
TFOTRAN.GT . CAFCTY I TRAN=CAFTTY

TFOLEYS EQSIRETURN

HAVING ESTARLISHED LITTLE FaRa TRANSFER CHECK WHETHER
CAFACTTY OF GRAVITY SECTION OF MANNUM/ADELATDE FIFELL
15 EXCEETEL.

CarapS=0aru3

TFCALLE . THON AND . TMON . LE. ) CAFAME=CaRE3
FMPAONG=FTFOFTHTRAN

TECFMPANS GT . CAFANS Y TRAN=TRAN- (FMPANS-CAFANG
TEFOTRANLT O 2 TRAN=(0 .

TFCTRAN EQe Qo JRETURN

IF AN EXCESSTVE TRANSFER IS REQUESTEDREFROMPT FOR
CONFIRMATION QR CHANGE .

XGDEM=FITFOFTHTRAN-CAFSUM
ITFOXGUEM LE « O, Y XGDEM=0 o
TFOXETEM EQe O o OR TFRVW Q. QYRETURRN

TF{TXS ERQLIXGOTORY

Call., SUBF (&4

Call. OFF{&8)

Coll, APNT(0. 2160,y p~3e~12

Call., TEXT-2s 7 TOTAL DEMAND I8 72
CAlll. RFNT (0,002

CAlL, TEXTO0000007)

Call. RENTCO. Q.0

Caldl, TEXT(-2¢ "ML v ly-2¢ 7 GREATER THAN CAPACTTY OF 7
Lr=3e " MANNUMAGDELATDE FIPELINE. )
CAall, TEXT(Lley—2 7 REDUCE LITTLE FARAS TRANSFER Ty
T2 TYPE MY FOR YES» *NY FOR NO. 73
Call. ESURCSE)

IXG=1

Call, POINTRCOLy &S e

ITXGDEM=JINT CXSIIEM

ENCODE 4 38 NUMY  TXEDEM

FORMAT (L4

CAall, CHANGT CL e« NUM)

Call. OFFCEE3

Civd . ONC&&D

TYFEISO

FORMAT 22Xy “AONSWER:= "%

RESINCS» Z8L)Y ANGWER

FORMAT (AL

CALL OFFCé&a?

CAall. TLR

CAall, ONCE2)




TF CANSWER B .

GOTOL740
N

SNYRETURN



SUERRCLITINE TORRNS D CONTROL OF PROMPTS TO THE OPERATOR FOR MILLRROOK
RESERVOTIR STORAGE AND SUPFLY TO aNSTEY HILL FILTRATION
FLANT .

~Q00..
SURROUTINE TORRNSCDEMMIL « XEDEM» FEPPLY » TEFFLY o TFRVWy EV
MLLERK s GTOLMF » 81 v 820 FIFOFT» TRANy TRNSF L » TRNGF2)

LOGICALYL MLLRRK
nate CarsSUMssLE0. 7

TFOTFRWE . EQ L Oy GOTOL A3
ITFOMLLBRIK Q. L2670 40

FrROMET MILLRBRODK STORAGE

L. SBURF (&0
L. OFF (&0
L APNT OO 180 v e =Fu-12
Lo TEXT (-2 PLEASE TYPE IN THE REQUIRED
gy O BTORAGE FOR MILLERQOOK RES. 7y
g AN THERN PRESS THE "CR" KEY. )
L. ESURCS0D
al.l. OFF CS25
Lo ON{&AO)

ACCERT NEW STORAGE FOR MILLEROQK RESERVOIR

TYFELA01

FORMAT(2Xy ¢ NEW STQRAGE:="%)
REATCEHE» 141 v ERFR=14100 » TETOR
FORMAT (LI

GOTOLA11

Gall. CLR

BOTOL40

Catl. OFFCaG)

NEW STORAGE FOR MILLBROOK

Call. CLR
GR=FLOAT(TSTOR?
ITF OMLLBRKEQ .1 GATOL42

FROMPT ANSTEY Ml SUFFLY

Cald, SUBPCSESD

Cal.l. OFF &5

Call, APNT(Q v l&Qer v =Fe-12

Call, TEXTC=2e 0 WYLL ANSTEY HILL BE SUFPLIED .
Loe-2e” BY MILLEBROQR RVOTRT 7y

Ly—=2 " TYPE "Y" FOR Y CNTOFOR ND. T

WL ESUECSED

I N

AGCERT QOPERA&TOR DECTSION

Cal.L. ONCSE)
TYFPEL<
FORMAT (2X v “AONSWER:= "¢

FORMAT (AL

IF CANSWER.EQ Y Y TEFF
IF CANSWEREQ. "N TEFF
Call. OFF 30220

I AN

..
"I (i



TURKN ON SCREEN INDICATOR THaT MILLEBRODE SUFPLIES ANMSTEY HILL

TFOTarFLY . EQ. Ly Dall, ONCEG2E)
Call, CLR

Call. OFF &S0

CAall ONCERD

STNCE ITSFRPLY CaN BE MODIFIED TN OTHER ROUTINES RETURN IT
TOITE UNITY ValUE.

TaPPLY=T8FFLY/ARS(TEFFLY )

UETERMINE WHETHER OESTRED SUPPLY EXCEEDS GRAVITY CaraClTyY
OF FIRELINE

: BT RGN~ CAFSLIM
|| ( }‘I( [”M I... .2:¢~':.)¢ \-'.-‘\L Ur 11:1.(11\

TFOONLY PREVIEWING OFERATIONy RETURM
TFCTRRVW . NE . OYRETLIRN

DETERMINE THE aVallaRrleE & TR MILLBROOR RESERVOIR GIVEM

THE DESTRED STARAGE LE

S1-G2HETOINF +TRNGF 1 ~EY

LY B s OR G TIEMMIL o LE . O Y DEMMIL=0,
I FELY . EQ .1, AND L XSTEN. 6T+ 0. ) GOTOL430
GOTOL43S

UFMMLI?

IFOND SUFPLY TO ANSTEY HILL WAS REQUESTED EBY THE QFERATOR
BUT DEMANMD CAN ONLY BE SUPFLIED IF MILLEROOK TG USED.
RESET FPUMPING PLAN TO ALLOW FUMPING aAND SET FLAG TSFFLY

DEMM I L= XEDEM
TFETRNGF2 LT 0. ) TEPPLY =10

RESET FUMPFING COEFFICIENT

TRMNGFZ=0RE{TRNGFZ?

ALD LITTLE FARA TRANSFER TO FIPELINE DEMANDT FOR WHICH
MILLEBEROOK IS5 FARTLY RESPFONSTELE

~TRAN

IF MILLBROOK IS TO SURPLY INTO THE FIFELINE CHECK THAT
SUFFIOTENT I8 SUPPLIED. THIS May MEAM CHANGING THE
FUMFING INFLOW FOR THE TORRENS SYSTEM TO OBTAIN EXTRA.

FORD THE FART OF THE AVATLAERLE TRANSFER TDO BE SUPPLIED
ONLY  BY  THE RESERVOLRE

FrPp Ly =0EMMT L - ThaN

SET OFLAG FOR EXTRS PUNMPTHG

TFOOEMMT L o LT« XETEM AN TRNSF2 LT 0 2 TEPFLY=10

SETOSUFFLY TD EQUAL THE UNSATISFITED DEMANT

TFODEMMIL o LT« XEREM ) DEMM Y L =X S DEM
TFOPSFRPLY « LEPIPOQFTIRETURN
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SUBRCOUTINE RARGR I8 RESPONSIRLE FOR DRAWING AND MODIFYING ALL
ETORAGE GRAFMHS OW THE SCREEN .
=000

SUEROUTINE BARGR(STOR S TMON)

COMMON/STORDAT/FRETOR (L2 v STRMAX (L2 » STMAX (12) o STMINCL2 )
MAXFINCLZ2)Y s MINFINCL2)Y o FRACy CSTRL Ly FRACTN s COSTKL.
JCORNATZATSYE e MINRES y MAXRES v TRRVE

JEETUR/TBARy TOALD » SMAX (A2 o XMINCL2) o YMINCL2) » YMAX (12 v TCOUNT
TETRT e MYF y NUOTRAN s MLLLERK o LFARA » SFARA IXS

JRARSYGROLZ2Y  AMINCLZY s AMAX (12D

LOGICALXL STRNGCLOY o NUMGAY v IBARCET v TCALC LAY v TFLAGy MLLBRK v
TETRT y MYF » NOTRAM » LFARA » SFPARA

DIMENSTON S0120 123 BTORCLZ 2D
INTEGERXS TSTRMX»IST» TSTMAXy TSETMIN

DATA YeYTAS00.v300.7
GTRNGy NUMALOXG . » 4%K0 7

CHECK WHETHER THE GRAFHE HAVE BEEN ALREADY DRAWN
TFCIRARCISYSE) (EQ. 1XGOTOLO

DEFENDING ON THE NUMBER OF STORAGES IN THE SYSTEM.CHOOSE
THE STARTING X~COORDINATE FOR THE GRAPHS

GOTOC(Lv2s3rle2s1) s ISYS
=610,

GOTO4

s il

GOTO4

XG5,

SMAXC(ISYS)=0,

FIND THE LARGEST STORAGE.THIS WILL RE THE REFERENCE VALUE

DO % NRES=MINRESMAOXRES
IFCETRMAX (NRES) (GT . SMAXCISYS ) SMAN(ISYS) =8 TRMAX (NRES)

SET UF THE STANDARD GRAFH SFACING

Xl=225,

Yi=63.

FREDUC=0
TSURF=T&8YSX1000
IFCIRARCIEYSE) (EQ. 1)G0TOLY

Call., DISPLY (-1
Call, SUBRFCTSURR)
Call. OFFCTSURR

SET URP PREVIEW INDICATOR.

CALl. SURFCTSURPS20)

CAalL OFF CTSURF4E20)

CALL AFNT (170, v 840 e v~3s 1)
Call. TEXT -2y "FREVIEW MODE )
Call ESURCTISURRFLZ0)



»

G

101

o 1 i O

—
L s s s

ER Y

30 a2

—_—t

UIIO

C

IZ

12
BLes:

13

14

DRAW TRANSFER THDTCATOR.
TFOTEYS . EQ.AXEOTOLL
ITFCISYS . NE . 3YGOTOLGL

ALl SUBF(3I022)

CaLl OFF 30220

CALll. APNTOLZ0. 28300 v ~3p~1)

CAll., TEXT (-2 "MILLERODK SUFFLIES
CAaLl. ESURCI022)

GOTOLL

Call. ﬁPNT(l?Qe9830¢vquv"1‘

CALL TEXT(-2s "LAST TRANSFER=
Call. ﬁPNT(3?0¢ywu0«y9wf A

Call NMERCLEUBPFA2L O vbr "IF&.02 70

SET WP THE DRAWING
THE ADJUSTMENT OF

oo

L0 200 NRES=MINRES y MAXRES
SIMCE
0o o NaT

WETRS ARE NOT
NEEDIN TO ®BE DRAOWN

TFCRTRMAX ONRES ) L EQ. QG GOTO200

IF IPRVW TS TN
RATHER THAMN

FREDTCTED

WRITECLOe 1100 NRES» S CITMON NRES
FORMAT (2K "NRES » T4 "SCIMON NRES )
TFOIPRVWLE O ORL TEAR

IF NO
OF THE

FREDLCTIVE
OFERATOR

nate Has
SRECIFIED

TFOSCIMONs NRES ) (NEL Q.2
BFa=S8TMIN(NRES )
FECTMQY(NRF*)
AsPRETOR CNRES
GOTOLS
TFCECIMON e NRES ) «NE.Q.2GOTOLA
{"“TMJN(NhhT

STMAX (MNRES)
ﬂ ----- STORINRES 12
JF( YOTMON s NRES D o NE«
MX=MAXFININRES)
MN=MINFIN(NRES?
AMAX INRES ) =CX300 . /EMAXTTEYE)
AMININRES Y =RXAZ00 . FGMAX CTEYED

GOTOL2

0, 2GDTOLE

TFOTHE GR 1%
COORDINATES

ARE AL READY

TFOIBRARCISYSY JEQ. L2GOTOLY
YMﬁX(NRES)%300¢$STRWP(fNF
G waW.J

’hl\ CNRES) ---YM»’\‘( CNRES YA S

IF THE
TO BE

GRAFHS
D TNET

ARE Sl READY

TPTC=T8URFE ONRESH -
TFOIBRARCTISYS)

M TNRE &
CERL 160

CEREOUCT ) %
FO1EO

NOW DEFTNE THE SRaPHs FOR

FOR
EXTSTING

CACCERTS OR
I T &

ShMaxX {1
e DRETIUC Y X
e LRETIUL Y ey
ETHRMAOX (INRESG )

ANGTEY

TNCLAUDED T

REEN
STORA

TR i

[y e

X1

e

NRAWN

160

i

THIE
GR&F

HILL

GRAFHESTT

M

ALS0 CONTROLS

THE SCREEN FORMAT THEY

MODE » USE aCTUAL

T L0
CI8YSY NE.LIGOTOLE

GENERATED &% TN

GESSNTF THE

THE CaSE
AGHTEMNMENTS

N0 NOT RECALCULATE THEIR

y SURPTCTURES DO NDT NEED

RESERMOTR
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CALL BARCIFICy NRES S (ITMONy NRES)

Call POINTRCLyIFIC2)
GOTO(20+30+40»300 60703y 18YS

Call. CHANGT (1 "MYFONGA )

GDTO100
GOTOCEL32) y (INRESH 1)~ (MINRESGHIREDUC)
CALL CHANGT (1 "MOUNT ROLLD7)

GOTOLOO

CALL CHANGYT (Ly "HAFPY VALLEY ")
GOTOLOO

GOTD(AL 429430 (NRESHL) -~ {MINRESHIREDUC)
CAll CHANGT (L "MILLEROOK )

GOTO100

CALL CHANGT (1s KANGARDD CRK7)
GOTOL100

CALL CHANGT (L "HOME VALLEY ")

GOTOLOO

Call. CHANGT (L “WARREN")

GOTOLOO

BOTOCELy 62 vy (NRESH LY~ (MINRESHIREDUC)
Call. CHANGTCLy “SOUTH FARA

GOTOLOO

CALL. CHANGT (1 “BARDESA

GOTOL00

Call. CHANGT (L 7LITTLE FaRAT)
CONTINUE

THIS SECTION OF THE PROGRAM FILLS IN THE NUMERICAL TITLES
IN THE SURBFICTUREAND ALSO MODIFIES GRAFH LEVELS WHEN
NECESSARY

CALL POINTRC(LIFICY&)

IFC(IRARCISYS) LEQ.1HGOATOLAR

ISTRMX=JINT (STRMAX (NRES) )
ENCODE (S 151 »NUMY TETRMX

FORMATC(IS)

CALL CHANGT (1« NUMD

IFCIRARCISYS) JEQ.OOGOTOLES

CALL ADUANC(Ls4)

CAl.ll CHANGE (1 s XMIN(NRES)  YGR(NRES Y +HYMINCNRES) )
CALL ADVANC(1 3D

GOTN1S4

CALL ADVANC (172

IST=JINT (A

ENCODRE (S5 151 o NUMY TET

CAll. CHANGT (1 »NUM)
IF(SCIMON NRES)Y o NE Q. 26070200
IFCIRARCISYS) (EQ1IGOTOLESE

CALL ADNVANG (12D

GOTO1S4

CALL FOINTROLsIFTIC 210

CAl.L. CHANGEC(Ly Q. v AMAX INRES Y ~AMINCNRES 2D
CAlL FOINTROLIFPICe14)

CALL CHANGECL s XMINONRES) AS5S o YMINONRES ) -25  FAMINONRES ) D
Call. ADVANGC(Ly4)

CAt.l. CHANGECL o XMINONRES )35 o YMINONRES Y +AOMINC(NRES) )
CAll. FOINTROLy IFTCy 150

TSTMIN=JINT(E)

ENCODE (Se 131 ¢ NUMY TSTMIN

CAlL. CHANGT (1 »NUM)

CaLll. ADVANC L 2)

CALL MNTHOMN»STRNG?

CALL CHANGT(LySTRNG)

CALL ADVANC L » 82



=

C
™
C

=0

L0000

C
&
C
2000

THETHMAX=JINT ()
ENCODECI 131y NUMY TSTMAX
Call, CHANGT Ly NUM)

CALL ATIVANC (12D

CALL MNTH(MXySTRNG)

CALL CHANGT Ly STRNG

IF NOT & RESERVOIR « INCREMENT IREDUC
ITF(STRMAX(NRES) EQ Q) IREDUC=IREDUCH1

IF(TARS (IFHRVWI EG.10060TO201
FRAC=FRACTN

COTRL1I=C08TKL

TF(FRACGT o1 2FRAC=L .
YFRAC=FRAGCX300 .

CALL NMBR(PLyCETKLLL S 7 (FS. 2272

Cal.l. POINTR(L¢90158)

Cal.l. CHANGE (1le Qe YFRACD

CALL NMER(FI3 (FRACKLO0. Dy 4y " {(F4.007)
IF(IRARCISYS) JEQ.1IGOTOIOC

THE FOLLOWING SECTIONS OF CORE FILL IN THE GaAFS ON THE
SCREEN TO GIVE & SUCHEMATIC REFRESENTATION OF EACH
SURSYSETEM .

GOTOCLO0Q 20003000, 4000+T000x&000) » 1EYH
MYFONGA

CALL AFPNT(XMINCLY+29. s YMINCLY v 9=3v» 1D
CALL LVECT{(~70¢9s=150.vy3)
Call LVECT(~-83.»-13.)

CALL LVECT{(~135,v04+99y~32
CaLLl TEXT(-2y  HINOMARSH )
CALL LVECT(-128.y=28.vyy~3)
Call TEXT(-2y VaLLEY )

CALL LVECT(1264v40.vy~3)
CaLl LVERT(~120,230:953)
Call SVECT(~40.v0.2

CaLl LVECT(-17%5, v0evy-312
CaALL TEXT(~2 "MYFONGA W.D.")
CALL LVECT(A7 v Qeryv—3D

CALL LVECT{~50.vP0.v 3

CAall. CROSS1004)

CALL MENUCA20. v 470, » =25, 91001y "OPEN"» “GHUT ")
CaALL LVECT(-228.»20 .y 9~3)
CALL TEXT{-2» ' CHRISTIES ")
Cakl LVECT(~138 v =28y v -3
CALL TEXT -2y "DOWNS 72

Call LVECT(SHG6 280y

CAlL. LVECT (O, v200.2

Call. SURFCLO0S)

Call LVETT (-84, 0%, 5932

Call TEXT (-2« HAPPY VALLEY ")
CAall ESUBCLOOE)

Call. ESURCESURF)

GOTO300

ONKAFARTINGA

CALL APNTOXMINCEZ Y20 o YMINC2)Y v v =3B v 1)
Call LVECT(E0, v~ 128y v3)

Call, CROSS (2000

CALL LVECT (O30, v-125 0

CAall, LVECT (100, » 280 v v =32



Akl SVECT (50, v ~80. v v3)
CaLL LVECT (- 100+ym7043
CALL RFNT(~5&. v ~28 . p v =32
Call. TEXT(- ny’[lﬁthUUN’)
CAl.L. LULCT( J“fvv -2 ey 30
Call. TEXT(-2y "WETR

CAlLL RFNT(O. 950y v-3)
Calt. 1Uffo"-Co/ﬁf¢vyly )
CALL RFNT(-25, vQese~Fyveld
CalL.l. LULLT(O#VWIOOony)
Call CROSSCLO0O7)

Call LVECT (135, v 0.v e 3)
CALl. TEXT{~2s "CHRISTIES )
CALL LVECT (=126 e =259 v—3)
CALL TEXT (-2 7H0WNS )
Call. LVECT(SS 225 ve—30
CAl.L. SUECT (LS, v~38p 237
Call, SVECT(~28, y~2% sy v 33
Call, TEXT{(-2y "FROM”)

CALL LVECT(~?7¢y=28, vy ~3)
call. TEXT (-2 “MYPUONGA’?
CALL LVECT(~64.+ 1855 —3)
CALL SUECT (=15, ¢80y v 32
Call, LVEDT (35, v0Q)

CAlL LVECT{ 9020003
Cal.l., TEXT(-2y "DEMAND )
ALl ESUBCISURF

GOTOZRON

(™

C TORRENS

("

3000 CAll. AFNTIXMINCSI 420, o YMINCEY v v -3
Callll LVECT (=27 v~133 v v3p i)
Catl LVECT(=1l4.v=é67svrvrvrl)
Chl.l. CROSSCIN0)

Cal.l. SVECT(~14,9¢-50.2

CAll. LVECT(-112:9292:9¢9y~3)
CAall. TEXT (-2 GUMERACHA ")
CALL LVECTC(-&0,y =20, v ¢-32
CALL TEXT(=2s "WEIR")

CALL LVECT (18, 250 » »~3)
CaLl LVECT(~188v10.y 32
CA'.'. C,U[-_["T(—- l ) @ !ﬂ‘\ﬂr‘jo.-

COLL LVECT(200.v83: 293D
Call SVECT(=30¢r~&Qev 3
CAall LVECT(~158:-463.2
CALL APNTIXMINCZY+25 ., o YMIN(Z )y v ~3)
CALL LVECT (=138, v 135 v 3D
CAall. RFENT (- AS@F“EU¢AUM§‘
CaLL TEXT(-2y  GORGE

Call. LVECT (- ?Qe?“iqeerX)
CaLll, TEXT(-3e “WEITR')

CALL RFNT{(-28, ¢80,y 932
Call LUF[Tk"ﬁJoyyheuv3¥93)
CAalLL He v Qav 30
Cal.l ﬂﬁﬁv Qv v Fvwll
Cal.l L. T(A2 v =2T v y=3)
CalL.L. TTYTA 2y TEMAND )
Cal.L L&UB(IQUBF)

GOTNIOO

C

™ WARREN

c

4000 CALL AFPNTOXMINC?Y 25 o YMIN(Y ) vy -3w o 1
CALL LVECTCL3 . v ~80, 03
CALL CROSSCA0M0)



CALL LVECT(74v=45,)

CALL RENT (28,9 =30,y v~3)
CALL TEXT(-24 "FROM )

CALL LVECT(~133,9y~3%0.»¢=3)
CAlL TEXT(~2s "MANNUM~ADELATDE
CALL LVECT(~188:9=30,yv~3)
CALL TEXT(-2y "FPIFELINES )
CALL LVECT(~88:v21%,y»~3)
CALL LVECT{-1820,s~80.» v 3)
CALL SVECTC(O0,¢~30,)

CaLL CROSS(S012

Call SVECT(O:s=30,)

CALL RFNT(~14.v-30 v s~3%)
Call. TEXT(-2y°T0O"

CALL LVECT(~84,y=Z0, 0 p~3)
CAlL TEXT (-2 “SOUTH FARA )
Call, LVECT (70,5 120cy -3
CALL LVECT(~60.9100.,v 43
Call SVECT(~50,00.)

Call, LVECT (128530, 9~3)
CALL TEXTO-2y "NORTHERN )
CAaLL LVECT(-98,¢y=30Qsv»~32
CALL TEXT(-~2e “DIEMAND )
CALL LVECT (&3¢ ~30,vy~3)
CAlL TEXT (-2« "aND‘)

CALL LVECTC~2L,s s =30, v~3%)
CalL TEXT(-2s "WARREN W.Dr, 7
CALL LVECT(38.7404y 93}
CALL LVECT(-30, vy 150, »3)
CALL LVECT(~70.v60,9s~3
CALL TEXT(-2+  SWAN REACH)
CaALL LVECT(-119.y~30.59~3)
CALL TEXT(~2¢ /FUMFING )
CALL ESUBCISURF)

GOTDI00

[ SOUTH PARA

c

HQO0 CALL APNTCXMINCLOY 425, vy YMINCLO)Y v s=Fy o 1)
Calll. LVECT (S0 vy ~12%5, 0 v 3)
Call CROSG(S00)
CALL LVECT(E50. 125,
CAL.L, LVECT (100, vy 250, v v-3)
CALL LVECT(-17%, y~12%5.» 93
Call. RENT(~42¢y~25, 9 v
CALL TEXT{(~2s "BARDSSA )
CALL LVECT(~98.y =25, v s ~3)
CAall TEXT(-2s "WETR‘)
GALL RFNT (=14, 950, 9 0-3)
CALL SVECT(-25:v80.vvvs3)
CALL RPNT(-253.y0.9v~3)
CALL SVECT(-S0, »~50,vs%vsl)
CALL SVECT (&0, 204
CAalL ESUECISURF)
GOTOIQ0

C
™ LITTLE Faka
G
4000 CALL AFNTOXMINCLZ) 2% o YMINCL2) v o ~Fp v 1)

CALL LVECT(20,s~12%5, v+ 3)

CALL. CROSS(H00)

CALL LVECT(20, vy -125,)

Call, LVECT(~40. v Yoy y3)

CALL LVECT(~100, v =50,y v 3D

CALL LVECT (140, =70,

CAlL LVECT(-1860,v04ys~3)
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CAal.l.
Gl
Call.
CAll

TEXT =20 “HROUNTIWSGTER 3

e ¥
YA e 2T \

HARGE < )
]

LUEDT (188 I o
LAVECT (140G o #0030
LVECT (200 o ey 30

TEXT -2y 7D
ESUN C LSRR

PRV

NOW TORN S ON THE WHOLE

SUBRPTCTLHE
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SURRDUTING BARD USED TO SET UP ALL BAR GRAFHS USED IN THE GRAFHICS

SLUBROUTINE BARCIFIC NRES 50

COMMON /SETUF/TERAR TCALC » SMAX (&) y XMINCLZ Y » YMINCLIZ2) » YMAX L2y
TOOUNTy TETRT e MYF o NOTRAN v MLLERIKy LFARA » SFPARGy TKE
JBARSYGROL2Y »AMINCL2) » AMAX (12D

LOGICELKD ITRARCS) » TCALCCE) s TFLAGy TETRT » MYF o NOTRAN » ML L ERE
LEPARD e GF ek

CaLL SURFCIRFIC
SET OUF TITLE BLOCK

Call, EFNTOMINONRES Y =50 » YMINONRES S0 Y MAX INRES) v v =3 102
Cal L, TEATOI0000000000000 7

DFAW Bak ELEMENT

Call APNTOXMINONRESY o YMINONRES Y v o w v 1
Call, LYECYT O » YHAXONRES Y » v 32

CALL LVECT (70 Cs v y-30

Call TEXT 70000073

Gl SVECT S0, v Qe w3

Call LVEDT OO v -YMAX INRES YD

Call, SUECT~E0, 0.2

INSERT LEVEL INDICATOR AT CURRENT STORAGE
Call. APNTCMINCNRESY y YOR CNRES ) $YMINONRES Y v v =3
ALl SVECT (S50 ¢0e v e 3y 3D
Call, LVECT (~128 vy ~20 vy —37

SET STORAGE BLOCK

Call. TEXTC G00007)
TFOSNEQIENTDLAD

SET U ENINOF YEAKR STORAGE INDICATORS ON THE RIGHT OF
THE RaR

Call, APNTOXMEINONRESY S5, o YMINONRES ) -28 HAMINONRES ) v v 30
LOWER STORAGGE RLOCK

Call. TEXTCO QG007 )
Coll, VECT(-70. =28y p-3)

MOMTH OF OCCURRENDE BLOGCK
Caill, TEXT O 00000007 )

DAl CONNECTED LEVELS
Sl APNTOXMINONRES Y 8%y YMIN CNRES ) FAMININRES Y v o 30
Call, SVECTEQ v Qv v 3D

(

l

Call RENT(-@5v 000 p 3D
CALL LWEST OO e AMAOX (NRES
l

(

{

PolMINCMIRES Y » v 30
Gl RFNTO25, 0040930

SOl L SVECTC-0CG 00y v 32

CALL RPNT (O v, e e ~3)
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Cald.

PP ST 0RaGE BLOCK

MONTH OF QCCURRENTE
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