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I.  Abstract

Water-resources planning is a multi-disciplinary and dynamic process.  For large multi-

component and multi-basin systems, this process becomes rather complicated because of the

number of options that the planners must consider.  Systems-analysis technology can play a major

role in screening the number of options with which the planners have to deal and in making the

planners capable of repeating the planning process consistently.

In this report, a linear-integer programming model is adopted for the preliminary screening of

options for a multi-component and multi-basin water-resources planning effort.  The model seeks

to minimize the total cost [capital costs (CC) plus operation maintenance and replacement (OMR)

costs] of the system over a given time horizon for supplying given functions for treated and

untreated water demands subject to physical and minimum stream flow-requirement constraints.

The utility of the model is demonstrated by its application to a two-basin system with several

water-production options.  How the model may be used to conduct sensitivity analysis on different

elements of the system is demonstrated.  These results must be checked further using simulation

models for both ground water and surface water to make sure that the constraints of the system are

not violated over smaller time increments.



11.  Water-resources PfanninglA Systems-andysis Approach

A.     What  is  Systems  Analysis?

The temi "Systems Analysis" originally stems from the mathematical analysis of a system

of equations.  It may be defined as an analytical study that helps a decision maker to identify and

select the best course of action among several feasible alternatives.  The approach is logical and

systematic under well defined assumptions, objectives and criteria.  It can significantly aid a

decision maker to alTive at better decisions by broadening the information base, by providing a

better understanding of the system and linkages of the various subsystems and by predicting the

consequences of several alternate courses of actions.  It uses all the information available and

determines a course of action based on scientific procedures "best" suited to the objectives set by

the planners and decision makers. Systems analysis has created new dimensions to the science of

policy-planning and decision making.

Under systems-analysis approach, attempts are made to build a replica of a real-world

system or situation with the objective of experimenting with the replica to gain insight into the real

world problem.  The whole system is represented by a series of mathematical expressions (called

mathematical model) in such a way that the resulting relationships describe the phenomena.  The

mathematical model formulated in such a way should be one that can be solved, although the

insoluble models have often provided the development of new solution techniques.  The model

includes the traditional descriptive goal called "objective function" and a series of technical and

other side conditions called "constraints."  A constraint is usually defined as a condition that can

never be violated at any cost or for which there is no gain in overfulfilling it.

The computer revolution has made possible the solution of large and complex mathematical

models.  The increased capacity for information processing and problem solving in the current era

has been fl stimulating force in the application of systems analysis to a variety of problems in the

field of environmental and resource management.
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8.    Systems  Approach  and  Water-resources  planning

Since the late 1950's, when the importance of water-resources planning became apparent, a

great deal has been achieved in the field of planning and management of these resources.  One of

the first products of these efforts was publication of the research done in the Harvard Water

Program [Maass et al.,1962] and [Hufschmidt and Fiering,  1966].  This program in early stages

emphasized the value of systems approach to planning.  The analysis of a water resources system

in the overall planning process goes through the following four stages [Maass et al.,1962]:

1)  Identification of the objectives of system design bearing in mind the political

realities,

2)  Translation of objectives into measurable criteria,

3)  Use of the criteria to devise plans for the development of specific water-resources

systems that fulfill the criteria in the highest degree,

4)  Evaluation of the consequences of the plans that have been developed.

The early approaches to water-resources planning utilized these steps and used simulation

techniques for achieving the best solution possible.  Lehigh Basin in Pennsylvania is among the

first areas where simulation techniques were employed to achieve the ot)jectives of water planning

[Hufschmidt and Fiering,1966].  Among other simulation models, the Delaware Basin Model

[Jacoby and Louks,1972], Hydrologic Engineering Center (HEC) Model [Beard et al.,1972],

SIMLYD-II Model developed for Texas Water System [MCBean et al., 1972], HISIM Model

developed for Rio Colorado Basin of Argentina [Major and Lentin,  1979] may be mentioned.

These models use straight simulation techniques or a combination of simulation and some form of

optindzation technique to achieve the objectives of planning.  Their acceptability for a particular

planning process depends on the objectives of the plan.  Some of these models are quite elaborate

and their application requires a substantial amount of data.
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The applicability of the straight simulation models to water planning is somewhat hindered

by many alternative schemes which the planners can propose for simulation.  In order to reduce the

time required to simulate many different alternatives, the use of mathematical programming

techniques has been proposed [see for example:  Major and Lenton (1979), O'Neil (1972), Moody

et al.,  1972, Moody et al. (1973), Hall and Dracup (1970), and Heidari, et al. (1988)].  Although

these techniques cannot simulate the behavior of a system, they can provide a scheme or a set of

schemes most likely to produce the "best" results and therefore make the simulation process less

time consuming.  These models are generally called the "screening models" because they permit

determination of the most promising consideration of design elements on the basis of model

sensitivity to objective functions, constraints, and parameter values.  The "best" combination can

then be used to refine management options, a procedure which greatly simplifies the subsequent

simulation procedure.

Several authors have proposed the use of systems-analysis techniques in water-resources

planning (Dorfman, 1965; Hufschmidt, 1965; Hufschmidt and Fiering, 1966; Fiering and

Harrington,1968; Hall and Dracup,1970; Buras,1972; deLucia et al.,1971; Biswas,1975).

From these publications one can conclude that water-resources planning is a multi-discipline and

dynamic process.  Several disciplines, such as economics, engineering, hydrology, social

sciences, and others are directly involved in its different stages.  It is also a dynamic process in that

the results of a particular analysis must be checked and revised iteratively.  Systems approach to

problem solving using optimization, simulation and statistical analysis can make great contributions

to the efficiency of this dynamic prceess.

Dorfman (1965) was one of the first scientists who realized the importance of systems

analysis, particularly optimization techniques, in water-resources planning.  Optimization

techniques are used to arrive at a set of solutions best suited to the needs of the planners.  These

techniques become particularly important when the planners have to screen a large number of
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I
altemative configurations of water-supply projects to determine the most efficient set of projects

subject to physical and legal constraints of the system.

Mathematical-programming techniques such as linear programming, integer programming,

dynamic programming, classical analysis using Lagrange multipliers, and quadratic programming

(Hillier and Lieberman,1968; Wagner,1969) may be used to arrive at the solution of a systems-

analysis approach to water-resources planning.

Optimization models by themselves may not be adequate to answer all the questions asked

by the planners.  Simulation models of different degrees of complexity may be used to further

focus on the questions asked by the planners.  For example, detailed analysis of the behavior of a

system on a small time scale may only be analyzed using simulation techniques.  Simulation

techniques also have the ability to analyze system's behavior stochastically.  By conducting many

simulations of systems behavior, the planners can calculate the mean and variance of system's

outputs such as the percent of time that a particular component falls to answer the target demand.

Because the simulation models must be executed repeatedly, their cost is usually high.  This cost

may be justifiable if it is put in the context of the magnitude of the investments for a comprehensive

water-resources planning process.  The result of analysis from optimization models (screening

models) can significantly reduce the number of alternatives which must be analyzed by simulation

models.

C.     Water-resources  Planning  Process

1.   TnDut-Output   of  W.iter-resou P'anni

Given a set of policies and goals governing the economic development of a region, water-

resources planners must consider how best to distribute available resources among various sectors

of the economy (e.g., agriculture, industry, power, etc.) to achieve the desired goals.  Each

development scheme imposes a set of spatial and temporal demands for various quantities and

qualities of water depending upon its use.  For each set of demands, the planners can design a
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number of water-resources programs, consisting of structural and non-structural measures, which

will transform available surface-water and ground-water resources into a set of desired outputs.

Perhaps the most important input into a water-resources planning effort is a sound policy

based on scientific facts.  A policy of development subject to physical, legal, and environmental

constraints can be argued to be the basis of a long-term planning effort.  Water-resources planners

can never divorce theirjob from political issues.  These issues in many cases supersede any

scientifically sound water-resources planning policy, and water-resources planners have to be

ready to take political considerations into account.  To do this, their job is easier if their

development policy is based on the analysis of a large number of altematives using scientific

procedures.

Other inputs into a comprehensive water-resources planning effort are physical and

administrative structures and basic data to conduct the analysis.  Physical structures such as

reservoirs, diversion dams, well fields, desalinization plants, pipe lines, treatment plants,

disthbution facilities and administrative structures are all part of a comprehensive water-resources

planning effort.  In this report, the issues of administrative structures will not be addressed.

2.   Data  Requirements  for  Water-resources  Planning

In the application of any planning procedure, several sets of data must be provided.  These

data provide input into the planning procedure.  If a screening model is adopted for the preliminary

stages of planning, these data must be quantified and supplied to the model in the formats required

by the model.

Assume that the objective of a water-resources planning effort is to provide treated and raw

waters for the treated-water demand center (TWD) and raw-water demand center QWD) in Region

1 of Figure 1.  These waters may be provided from reservoir qi), diversion dam @D), ground-

water well field (WF), or imported into Region 1 from Regions 2 or 3.  For analysis purposes, it is

assumed that Region 1 has a raw-water pool (RWP) and a treated-water pool (TWP) from which
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Pegion #2

#1TWD

-
-WWT

DD          Diversion  Dam
PWP     Raw-Water pool
F}             Beservoir
PWD     Flaw-Water Demand
WTP      Water-Treatment plant
TWD      Treated-Water Demand
TWP      Treated-Water pool
WWT    Waste-Water Treatment
WF         Well  Field

Figure 1 : Schematic representation of a multi-basin water-resources planning proj.ect



waters may be processed in water-treatment plants (WTP) and sent to TWP.  The ground water

may be of varying quality.  Therefore, depending on the quality, it may be processed in WTP or

sent to RWP.  The planners searching for the most efficient way of supplying Region 1 as well as

Regions 2 and 3 may decide to export raw and/or treated waters to Regions 2 and 3.  Figure 2

shows a schematic representation of the system in Figure 1.

To conduct a water-resources planning study for such a system, the following data must be

provided first.

a.     Classification  of  Demands

Water demands in any area under consideration may be classified into quantity and quality

demands:

i)     Water-quantity   demand  classifications..

For planning purposes, the water demands may be classified as follows:

1.  Residential (domestic)

2.  Industrial

3.  Agricultural (irigation)

4.  Cooling water

5.  Flood Control

6.  Environmental management

Annual quantity (mgd)

Annual quantity (mdg)

Annual quantity (mgd)

Annual quantity (mgd)

Flood-flow bound

Low-flow requirements

Industrial water demands may be broken down by industry.  Water used to

process agricultural products may be assumed to be part of the industrial demand.  Each

demand may also be separated into private and public supplies.

ii)     Water-quality   Classifications:

The water quality reflects the various demands for water.  For planning

puxposes, water quality may be classified as follows:
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RWD:  raw-water demand

PIWP:   raw-water pool

Rwl:    raw-water import

PIWE:  raw-water export

resrvoir

TWD:  treated-water demand

TWP:  treated-water pool

TWI:    treated-water import

TWE:   treated-water export

||    diversiondam

TP:     treatmentplant

WF:     well field

Pl :         stream flow

SWF:  contaminated ground water

Figure 2: Schematic representation of system in  region  1  of figure 1



1 .   Freshwater-suitable for residential or industrial use with minimum

investment

2.   Raw water-suitable for cooling water or irrigation without treatment.  Use

of residential or industrial puxposes will require substantial treatment

3 .   Waste water-unsuitable for any use before treatment.

b.     Identification  of  Planning  Units

1.   Basic planning units must be idenlfied

2.   Aggregation of basic units into planning units based on political and

hydrologic boundaries

c.    Identification  of  Demands

i)   Existing Demands (by basic planning unit):

1.    Domestic an residential demands

a)  municipal supply

b)  self supplied

2.    Industrial demand

a) municipal supply

b)  self supplied

3.    higation demands

a)  government supplies

b)  self supplied

ii)     Future  Demand  Projections  of  Above  Classes..

1.    Chide linear projection based on alternative features

2.    Refined projections

3.    Model projections
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3. ntification   of  Existing  Water-resources   Structures

a.  Reservoirs

1.    Location-latitude-longitude, municipalities, river basins (show on map)

2.    Type-water supply, drainage area, flood control, hydropower, head

regulation, etc.

3.    Service arearHnunicipalities supplied, irrigated area, etc.

4a.  Capacity-water supply, flood control, sediment storage, etc.

4b.  Yield-percentage of dead storage already filled

5.    Date constructed

6.    Capital costs-break down into classes

7.    Cosvcapacity

8.    Statistics of withdrawals-average, maximum, minimum, variance, etc.

9.    OMR costs-breakdown into classes

10.  Cosvunit of water delivered

1 1.  Description of system

12.  Owner and source of information

b.     Aqueducts,  canals,  and  tunnels

1.    Location (as above)

2.    Type-aqueduct, canal, tunnel, etc.

3.     Service area (see above)

4.    Capacity-optimal transmission rate

5.    Date constructed

6.    Capital costs-tunnel costs, pipeline costs, pumps, etc.

7.     Cost/capacity

8.     Statistics on water transfers

9.    OMRcosts
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10.  Cosvunit of water delivered

1 1.  Description of system

12.  Owner and source of information

c.     Ground-water  fields

1.    I.ocation of field (see aboveLinclude aquifer name

2.    Type-type of supply, quality of raw water, sources of water

3.    Service area (see above)

4.    Maximum capacity for raw-water delivery

5.    Date constructed

6.    capitalcosts

7.    Cosvcapacity

8.    Statistics of withdrawals (in flow)

9.    ouncosts

10.  Cosvunit of water delivered

1 1.  Description of associated distribution system

12.  Owner and source of information

4.   Identification   of  Proposed  or  Potential  Water-resources  Structures

a.     Reservoirs

1 .    Gross storage below spillway, sediment storage, dead storage, net storage

2.    Flood discharge (100 yr.), spillwayrdesign discharge

3.     Designyield

4.    Construction cost operation and maintenance costs (broken down into

S/acre-ft. assuming whole reservoir is used; if OMR are annual costs,

must consider length of time)

b.  Aqueducts,  canals  and  tunnels

c.   Ground-water   fields
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d .  Water-treatment  plants

e.  Waste-treatment  plants

f .   Desalinization   plants

5.   Water   SuDDlv

a .   Surface water (by planning units)

1.    Classify available records

2.    Compute storage yield curves for different probabilities of failure

3.    Calculate quantity of water available for development

4.    Estimate quality

5.    Identify data "deficient" areas

b .  Ground water (by planning units)

1.    Classify available records and studies

2.    Estimate yields for each aquifer

3.    Calculate quantity of water available for development

4.    Estimate quality and idenlfy possible pollution sources

5.    Identify data "deficient" areas

The list of data requirements for water-resources planning given above is by no means

considered exhaustive.  There are data elements which become necessary for particular projects.

The need for these data must be the decision of experienced water planners.

I 11.  Watermesources Pfanning"ethodology

A.     Assumptions

A screening model has been adopted for the initial stages of water-resources planning

efforts for a system with several components.  The model uses a mixed-integer program that

provides the planners the ability to screen large numbers of water-resources projects proposed for

possible construction and implementation.  Given a scenario of future water demands, the model
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selects and schedules for construction of the water-supply projects that will meet projected

demands for water at minimum present-value of costs.  The planning model is formulated using the

following assumptions.

• 1.         The system is subdivided into I planning regions.  The regions are distinct,

cover the system and contain one or more river basins (see Figure 3 as an example

of basins in Kansas, USA).

•2.         The planning period of interest (e.g., 20 years) is subdivided into Ne time periods

of equal length.

•3.        There are two types of water demands:  untreated water used for agriculture and

treated water used for domestic and industrial use.  The water demands are known

and specified by the planners.

•4.        There are three direct sources of water (treated and untreated).  They are 1) in-

stream diversions, 2) reservoirs and 3) groundwater well fields.  In-stream

diversions and reservoirs may provide only untreated water.  Ground-water,

provided there has been no contamination, may be used directly as treated water.

In-stream diversion and reservoir waters must undergo treatment for use as

domestic or industrial supplies.

•5.        Water may be transported between regions either in treated or untreated form.

•6.         Within the region I. (I.=1 ,......, I) there are Ks(i) in-stream diversion projects,

KR(I.) reservoir projects, KG (!.) ground-water projects, KT(I.) water treatment

projects, KT| (I./) treated-water projects importing water from region j and Kur (}., /)

untreated water projects importing water from region /..  The K values will be zero if

no such project types exist in a region or between regions.

•7.         The various projects have been sited and their yields and capital costs determined

by preliminary engineering studies.
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Figure 3:  Major hydrologic basins of Kansas



8.

•8.     The project's operation, maintenance and replacement (OMR) costs are approximately

linear with water produced, processed or transported during a time period (e.g.,

millions of gallons per year).

•9.     Least-cost, summed over the planning period and discounted to present value, is a

satisfactory criterion for evaluating alternative project configuration.

• 10.   The untreated-and treated-water demands are aggregated to demand points (pools)

within a region.  In general, there is only one demand point or water demand center

for each type water, in each region.

Decision  Variables

The unknowns in the model consist of two types of decision variables, continuous and zero-

one integer.  The continuous variables are

1.  Q s (#,I.,k):  quantity of water removed by the k-th in-stream diversion project in the

#-th time period, in region !..

2.  Q R (#,}.,k):  quantity of water removed from the k-th reservoir project in the

#-th time period, in region I..

3 .  QG (#,I.,k):  quantity of water removed from the k-th ground-water well-field

project in the n-th time period, in region I..

4 .  QT (H,I.,k):  quantity of water treated in the k-th water-treatment project in

the #-th time period, in region I..

5 .  Q T|(#,I./.,k):  quantity of treated water imported to region i fiQm region /. by

the k-th import project 0. to j.) in the #-th time period.

6 .  Q u I(#,I./.,A):  quantity of untreated water imported to region !. frQp± region/.

by the k-th import project ¢. to I.) in the #-th time period.

The zero-one integer variables are:

1.  I s (#,!.,k):  indicates whether or not the k-th in-stream diversion project is

built in the #-th time period, in region I..
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2 .  I R (n,!.,k):  indicates whether or not the k-th reservoir project is built in the

#-th time period, in region I..

3 . I G (#,I.,k):  indicates whether or not the k-th well field is built in the #-th time period, in

region I..

4.  I T (#,I.,k):  indicates whether or not the k-th water treatment project is built

in the #-th time period, in region I..

5 .  I T I (#,i./.,k):  indicates whether or not the k-th treated water import project 0.

to I.) is built in the n-th time period.

6 .  I u I (#,I./.,k):  indicates whether or not the k-th untreated water import project

¢. to I.) is built in the #-th time period.

The zero-one integer variables have the value Qnf if the project is built,  zero otherwise.

C.     Cost   Coefficients

The Operation Maintenance and Replacement (OMR) cost per unit water produced,

transported or processed during a planning period are reduced to present value using a suitable

interest rate.  If the OMR cost per unit of water is given, by  Co, then;

Co(n)  =
(1  +  r)n (1)

is the present value of Co in the n-th time period gi]£gfl interest rate r.  The OMR cost ccefficients

for the model are

C o s (H,!.,k) = present value of the OMR cost of producing a unit quantity of water

by k-th in-stream diversion project , in region I., in the #-th time period.

C o R (#,!.,k) = present value of the OMR cost of producing a unit quantity of water

from k-th reservoir project, in region I., in the #-th time period.
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C o G (#,I.,A) = present value of the OMR cost of producing a unit quantity of water

from k-th well-field project, in region j., in the #-th time period.

C o T (#,I.,k) =  present value of the OMR cost of processing a unit quantity of

water at water-treatment project k, in region I., in the #-th time period.

C o T| (#,l.,/.,k) =  present value of the OMR cost of transporting a unit quantity of

treated water from ¢. to I.) A-th import project in the #-th time period.

C o u I (#,I./.,k) =  present value of the OMR cost of transporting a unit quantity of

untreated water from 0. to I.) k-th import project in the #-th time period.

The fixed cost (construction, land, engineering, administrative and legal) can be calculated in two

ways.  Either the entire fixed cost can be paid in the time period of construction or an annual fixed

cost can be determined using an amortization rate.

If the entire fixed cost is assessed during the time period of construction as Cf dollars then

the fixed cost coefficient is given by

C f („ ) =
(1 +  r) (2)

where r is the present value interest rate and # is the time period.

If an annual fixed cost is to be used, four factors are involved:   1) the total fixed cost of the

project Cf, 2) Np the economic'1ife of the project for purposes of computing the debt service, 3) the

amortization rate, ra, and 4) the present value interest rate, r.   The fixed cost coefficient is then

calculated in two steps.  In step 1 a non-discounted annual fixed cost, AFC, is determined:

AFC

(1  +  ra)Np -1 (3)

In step 2 the AFC is discounted to present value, using interest rate r, beginning at year n, the first

year at which the project is built and ending at either the design period Ne or the project economic

life period Np, which ever is the less.
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cf(n,-N.ciNp[
(4)

The choice of an amortization rate, ra reflects the cost to the state government of bonowing money

to finance projects, while the present value interest rate, r, reflects society's feelings about

providing for the future as opposed to present or current consumption.  It should be noted that

increasing the amortization rate, ra , will increase the AFC, increasing the economic life of the

project Np, thus decreasing the AFC.  Increasing the present value interest rate, r, will decrease the

present value of both fixed costs and OMR costs.

Regardless of the method of calculation, the fixed-costs ccefficients for the model are

C f s (#,I.,k) =  present value of fixed cost of k-th in-stream diversion project in

region I., initiated in the #-th time period.

C f R (#,I.,k) =  present value of fixed cost of k-th reservoir project in region I., in

the #-th time period.

C f G (#,i,k,I.) =  present value of fixed cost of k-th well-field project in region I.,

initiated in the #-th time period.

C f I T (#,I.,k) =  present value of fixed cost of A-th water-treatment project in region I.,

initiated in the n-th time period.

C f T I(#,I./.,k) =  present value of fixed cost of k-th treated-water import project

from other 0. to i.) regions initiated in the #-th time period.

C f u I (#,I.,/.,k) =  present value of fixed cost of k-th untreated-water import project from

other 0. to i.) regions initiated in the #-th time period.
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D.    Model  Formulation

The objective function of the model is to minimize the present cost of meeting future water

demands over the design period.  This objective in mathematical form is

N.I

Nin Zf
n=l    i=1

K a (i)

I [Cas(H. ,k )Qs(„. ,k )  + Cfs( nL. , A)Is(n, k , k )]
k=l

(In -stream   diversion   costs )
KR(i)

+   Z [CoR(n.I. i  k)QR(n i  I. ,k  )  + CfR(n,I. ,k  )IR(n ,..,  k)]
k=l

(Reservoir   costs )
K a( i)

+   Z[CoG(".  , k)QG(#.I. . k) + CfG(n,I. , k)IG(„.  , k)]
k=1

(Well -field  costs )
KT(i)

+   Z[CoT(n,1. ,  k )QT(n,I. ,k  )  + CIT(n,I. ,k  )IT(n,I. ,  k)]
k=1

(Water  -treatment     costs )
I      KT((i,j)

+ Z    I  [Con(n.I.  . J. ,k)QT[(n.}.  , /. ,k  ) +  CfT[(n,I.  , j,k  )IT[(#,I.  . j, k)]
j=1        k=l

i*j

(Theated   -water  import    costs )
Kul(ij)

£[Cou('n,I.  , /. ,k  )Q u(n,I.  , /. ,k)  + Cfu(n,I.  , /. ,A  )Iu(#,I.  , J. ,k)I
k=l

(Untreated   -water  import   costs )
(5)

The terms in the objective function (5) represent the operation and fixed costs of in-stream

diversion, reservoir and well-field water production, treatment-plant water I)rocessing and treated-

and untreated-water transportation.  The objective function is subjected to the following constraints
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2 . Proiect-initiation  constraints-no water mfty be produced, treated or

transported until the project has been constructed;

a)  In-strean diversion:

V s(i , k)£Is(n. ,i  , k) >-Qs(n ,i  , k).,
n'=1

„  =  1 ,..., Nc;
'  =  1 ,..., I; k   =  1„.,  Ks(i )

where Vs(I.,k) is the yield or capacity of the k-th in-stream diversion project in region I..

b)  Reservoirs:

VR(I.,k)£IR(n',")2QR(„.,k);
n'=1

"  =  1 ,..., Nc;

z'   =   1 ,,.., I;

A   =  1 ,..., KR( Z` )

where VR(I.,k) is the yield or capacity of the k-th reservoir project in region !..

c)  Well fields:

VGli,k)£1G(n',i,k)>-QG(n.i,k).,
n'=1

rl  =  1".. ,Ne ;

'`   =   1 ,..., I;

k ,=  1 ,..., KG( ,' )

where VG(!.,k) is the yield of the k-th well-field project in region }..

d)  Water treatment plants:

VT"k)£IT(n`,i,k)>_QT(n,i,k).,
n'=1

„  = 1,.-'Nc
z'   =   1 ,...,  I;

k  =  1 ,..., Kw( ,I )

where VT(4.,k) is the capacity of the k-th water-treatment project in region I..
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e)  Treated-water imports:

VTrlijk)£1TT|n',ij,k)>~QT,(n,i,j,k)
n'=1

#  =  1 ,..., Nc;  I.   =  1 ,..., I;  j   =  1 ,..., I  but   i   ± j

k = 1 ,..., K"li , j ) (10)

where VT|(I./.,k) is the capacity of the k-th treated-water transport system supplying water from

region /. to region I..

D  Untreated-water imports:

V"(ij,k)£1u[(n',ij,k)>-QUT|njJ.k)
n'=1

n  =  1 ,..., Ne;  I.  =  1 ,..., I;  /.  =  1 ,..., I  but   I.   ±  /.

k  =  1 ,..., Ku,(i , j)
EidHE

where Vu(l./.,k) is the capacity of the k-th untreated-water transport system supplying water

from region /. to region I..

3 . Proiectllimitation constraints-a water production treatment, or transport

project may be constructed once and only once during the design period,  Ne.

a)  In-strean diversion:

N®

Zls(#,!.  ,k)S  1                I.   =1 ,..., I;k  =  1„..,Ks(i.)
n=l

b)  Reservoirs:

N®

SIR(n,I.,k)<1                       I.  =  1 ,..., I;k  =  1 ,..., KR(I.)
n=1

c)  Ground water:

Ne

ZIG(".,k)  SI              I.  =1„.,I;k=  1 ,.., KGG)
n=1

22

(12)

(13)

(14)



d)  Water treatment:

Ne

Z:IT(".,k)Sl               i  =  1 ,..., I;k  =  1 ,..., KT(I.)
n=1

e)  Treated-water import:

Nc

ZIT[(n,I.,/.,k)Sl           I.=1„..,I;            /.=1 ,..., Ibut   i.I/.
n=1

k  = 1 ,...,KTTli , j)

f)  Untreated-water import:

Ne

Zlu,(n,I.,/.,k)S1            I.=1 ,..., I;            /.=1 ,..., Ibut   I.±/.
n=1

k  =  1 ,..., Kul(,' j  )

(15)

(16)

(17)

4 . Treated-water I)roduction  constraint -The quantity of treated water produced by

water-treatment plant and uncontaminated well fields; and the quantity of treated water imported

minus the quantity exported must be equal to or exceed the treated water demands in a planning

region during a time period:

Ko(i)                                                        KT(i)

I   QG(#. I..k  )  +  I:  QT(„ I.,k  )
I =l                                                                 kF=1

.i
j=l
i±j

T'  (i,J)                                                                 KT,  (i.J)

I QTi(n. i . j . k) -   I QT.(n, j , i , k)
k=l                                                                    k=1

2 T D( „ ,  ,' )

n=1„..,Nc;I.  =1 ,..., I,j   =1„..,I                (18)

where TD(#,I.) is the treated-water demand in the #-th time period for region I..

5 . Total water-demand constraint -The total quantity of water produced (the output

of in-stream diversion, reservoirs and well fields) and the imports minus exports of treated and
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untreated water must be equal to or exceed the total water demands in a planning region during a

time period:

K.(i)                                                     KR(i)                                                      Ka(i)

I  Qs(#, I.,k )  +  I   QR(#, I.. fa) +  I QG(„, i., k)

i|K¥..'Qu[(„,k:;)_K:?,''Qu](„,I/=,1,,k)]2TD(„)+RD(„)
"E=H

„  =  1 ,..., N.;  z'   =  1„.. ,  I (19)

where RD(ni,I) is the untreated-or raw-water demand in region I. during the "-th time period.

6 . Stream flow-reauirement constraints -There may be associated with each well

field a stream segment with ground-water/surface-water interactions occurring.  During a time

period the discharge in the stream segment minus withdrawals from the stream system by

diversions and reservoirs, and by leakage to the ground-water system, must be greater than a

r    uired streamflow discharge.  For thep-th such segment

Ks(ip)                                                  KR(ip)

QA(#tj.P)-Z:    Qs(n.I.,k)-ZQR(n,I.,k)-
k=1                                                            k=l

KG(n.ip)      n

Z    ZP(!.,k',n-f+1)QG(".,k')2Rq(".,p)
1'=1           ,=1 (20)

where (I.:p) signifies the p-th stream segment portion of the I.-th region; Ks(I.:p), the number of in-

stream diversion projects on segment p; KR(i:p), the number of reservoir projects on segment p;

QA(#,J.:p), the aggregated streamflow during time period # for the ;.-th region's p-th segment;

p(I.,k,#-r+1) is the fraction of water diverted from the surface-water system to the ground-water

system (Appendix A) in the p-th stream segment of region i during step # due to pumping of well

field  QG(#,I.,k); and Rq(",I.:p) is the streamflow requirement for the #-th time period for stream
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segmentp of the I.-th region.  Maddock (1974) and Heidari et al. (1988) discuss the theoretical

background for calculation of p in equation (20).

7 . Bound on  inteper-variable constraints - All integer variables are bounded

bbetween zero and one.  Thus

0 < Is(„,,',k) < 1
0 < IR(„,'',k) < 1
0 < IG(„,'',k) < 1
0 < Iw(„,'`,k) < 1
0 < ITI(",`',k) <  1
0 < Iul(„,l',k) < 1

for all #j,I. and k
for all #/.,I. and k

(21)

8 . Non-negativitv constraint -all continuous-decision variables are greater than or

equal to zero.

The planning model described by equations (1) -(21) with the non-negativity conditions

for continuous variables may be used for preliminary analysis of a variety of water-supply

planning problems simply by changing the size or number of planning regions, the length of the

planning period, the number of time periods in the planning horizon and the level of aggregation of

water demands and water-supply projects.

lv.  Example Probem

A.     Description  of  the  System

The state of Kansas consists of 13 major basins (see Figure 3).  The system in Figure 4 is a

representation of a water-resources planning project located in Lower Arkansas (LO-ARK) and

Smoky Hill-Saline (SMOKY-SALINE) basins in Kansas.

The objective of the planning effort is to provide treated water to the demand center D in

Figure 4 for the next 20 years at a minimum cost (Capital cost + OMR).  The existing components

of the system and their costs and yields are listed in Table 1.  In the following input data, some of

the data are assumed for demonstrative purposes.  Therefore, it is not recommended that the results

of this analysis be implemented without further investigation.
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Figure 4: Schematic representation of a water-resources planning project



Table  1,   Components of the  Existing  System and Their Costs & Yields in  Basin A

PEedee                   Yield "GD)               OMR S"G 2

Reservoir R1                          20                                     65
Well field `VF1                         30                                      50

Treatment plant TP1                   112                                    100

Comments

4 pumping centers assumed

A linear fit to the projected demand for D is presented in Figure 5.  Because the demand is

expected to exceed supply by 1985, several new components are proposed as additions to the

system.  These components and their characteristics are listed in Table 2 and schematicauy

represented in Figure 4.

It must be mentioned that well fields WFl and WF2 are located in the vicinity of streams 1

and 2 where minimum streamflow requirements are set for each stream by the planners.  The mean

streamflows are 181.7 and 384.0 cfs for streams 1 and 2 respectively.  The assumed required

minimum downstream flows are 12.9 and 61.4 cfs for streams 1 and 2.

Table 2.   Proposed Components for the  System and Their Costs and Yields

Basin           Combo ne nt
A             Reservoir R2
A             Reservoir R3
A          Well Field wF2

8              Reservoir R1

Yield           Capital cost          OMR

{M8Dl             {$1rfe              SzMs           corrmen ts
311                      80.00

95                     90.00

24                    60.00      4pumpingcenters
assumed

60.0                     exists                  115.00

8        Treatment plant TP1         60.0                      55                   210.00

B to A               Pipeline                      60.0                      162                   118.00
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Figure 5:  Projected demand (MGD) vs. time (years) for treated water



For the preliminary analysis, it was decided to conduct a four period analysis with each

period being equal to 5 years.  As was stated previously, water planning is a dynamic process.

This means any information obtained from such a process for future decisions must be checked

and upgraded periodically.  Therefore, it was assumed that a planning period of 5 years will give

the planner enough time to go over the results and update the cost coefficients and demand function

for possible upgrading of the results.

8.    Input-data  Preparation  and  Program  Executions

Sfczgc J..  In stage I, stream-aquifer interaction coefficients (P,s in Equation 20) are

generated.  This is done using a ground-water model (Maddock,  1975) specifically designed to

generate these coefficients.  This program, called PROG_BETA, requires data as specified in

Appendices 8 and C-I.  For the Example Problem, the input data for this stage are listed in

Appendix D-I.  These input data are called BETA-INDATA.

Once BETA-INDATA is prepared, program PROG_BETA  (Appendix ID is executed to

calculate stream-aquifer interaction coefficients.  These ccefficients are stored on file

BETA_VALUES.  Other output data from the PROG_BETA are stored on a file such as

BETA_OUTDATA.  In Appendices D-II and D-in, BETA_VALUES and BETA_OUTDATA are

listed.

Sfczgc //..  In this stage, input data for the planning model, WATER_PLAN_MOD

(Appendix J), are being prepared.  Two methods are listed for preparation of these data (Appendix

8).  In method A data are prepared using PROG_PRE_PLAN (Appendix I).  This program, which

is written for Data General MV20000 and Dasher 210/211 terminals, may not be operational on

other systems.  It prepares input data in an interactive mode.  In Appendix E, screens used by

PROG_PRE_PLAN are listed.  The user can generate an input-data file for WATER_PLAN_MOD

such as the one listed in Appendix F-I by answering the questions in screens of Appendix E.  If

Dasher 210/211 terminals are not available, method 8 may be used to generate the input-data file.
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The format of the input-data file to WATER_PLAN_MOD is given in Appendix C-II.  In Appendix

F-I the input data to this program for the Example Problem in Figure 4 are listed.

Sfczge JJJ..  Once the input data to the program WATER_PLAN_MOD (Appendix J) are

prepared, this program can be executed to generate a matrix in the MPS format for the linear-

integer mathematical programming package, PRCXJ-LINDO.

If the coefficients in the generated matrix are too large, then the scaling option of

WATER_PLAN_MOD must be used.  When the scaling option of the WATER_PLAN_MOD is

chosen, the program will ask for three scaling factors.  These are:

CSF = column-scaling factor

RSF = row-scaring factor

ORSF = objective function-scaling factor

The output from this stage is an MPS file called PLAN_MOD_SCALED_MATRIX which is listed

in Appendix F-II.

If we decide to bypass scaling of the matrix, then the output from stage Ill is called

PLAN_MOD_OUT_MATRIX which is an MPS file ready for use by PROG_LINDO.

Srczgc IV..  In this stage, program PROG-LINDO reads file PLAN_MOD_SCALED

MATRIX or PLAN_MOD_OUT_MATRIX depending on whether or not the scaling procedure is

chosen and solves it for its optimum solution.  Note that scaling is a very important factor in

obtaining a solution.  Rows and columns must be divided by proper scaling factors, CSF, RSF

and ORSF to obtain coefficients which are acceptable for solution by a linear-integer programming

package such as PROG-LINDO.  A rule of thumb is that there should be no nonzero coefficient

whose absolute value is greater than 105 or less than 10    (Schrage,  1984).  For Example Problem
4

CSF =  10,000, RSF = 10,000 and ORSF =  1,000,000 are appropriate.  The user may wish to use

different scaling factors for other input data.
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Program PROG_LINDO is a linear-integer programming package (Schrage,1984) under

license agreement to the Kansas Geological Survey.  It uses a branch and bound algorithm to find

the solution to the input matrix.  In Appendix G a sample output of this program is presented.

C.     Analysis  of  Results

In Appendix G, section 5, the optimum solution (objective function and variables) is listed.

The objective function, i.e. the present worth of all capital costs plus operation-maintenance and

replacement (OMR) is $62.983 x 106.  Note that because the ccrefficients of the objective function
6

were scaled down by ORSF = 10 , the objective function value in Table 5 must be multiplied by
6

10  to obtain the unscaled objective value.  The zero-one integer values are self explanatory.  For

example, DTIABto1, t = 1„., 4, are all equal to zero, indicating that the objective value does not

require treated-water import from basin 8 to A using pipeline number 01 during time periods 1

through 4.

The continuous-variable section starting with QRSA 101 and ending with QTP8401 can

take on values from zero to the upper bound values listed in section 4 of Appendix G.  The unit of

these values in section 5 is (MGplanning Period) x CSF.  For example,

QRSA101   =    3.474871 x l04MG/5 yrs

=    19.04MGD
4

where CSF =  10  .

In Figures 6 through 9, the decision variables for each new and existing component are

listed.  During period 1, R1, WFl and WF2 are used to satisfy a demand of 53.5 MGD.  WF2 is

being exploited from one of the pumping centers for 5.0 MGD at a cost of $24,000,OcO.  This

clearly requires the planners to re-evaluate the demand and supply functions and make sure that

there is absolutely no other way to either reduce the demand or increase the yields of the two

existing components, i.e. Rl  and WFl in Figure 4.
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Figure 6:  Plesults of Planning Period 1  freshwater demand = 53.5 MGD
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Figure 7: Plesults of Planning  Period 2 freshwater demand = 61.0 MGD
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Figure 8:  F]esults of Planning Period 3 fresh water demand = 70.2 MGD
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During the second period (see Figure 7), the demand is again being supplied for R1, WFl

and WF2.  Because the OMR of WF2 is less than that of R1 ($60/MG vs. $65/MG), the model

shifts the demand to WF2 and reduces the demand from R1.  Well field WF2 will have three

pumping centers operational pumping at a rate of 3 (.9125 x 104 MG/5 years) = 15.0 MGD.

In the third time period (see Figure 8), reservoir R3 will have to be operational providing

water at a rate of 5.91 MGD.  Again, only three of the four pumping centers of WF2 are

operational pumping a total of 15.00 MGD even though WF2 has a yield of 20.00 MGD.  This is

because if stress ®umpage) on WF2 is increased further, it will cause further conribution from

stream 2 to the aquifer which will violate the minimum streamflow requirements by the end of the

planning horizon, i.e. period 4.  Since the capital cost of R3 is $95,000,000, it is advisable that the

planners re-evaluate the supply and demand functions.  Chances are by modification of these

functions, the deployment of R3 can be postponed further.

Figure 9 shows the configuration of the system at the end of the fourth planning period.

Here reservoirs Rl and R3 and well fields WFl and WF2 are operational.  Three other proposed

projects, Tpl in Basin 8, pipeline from Basin 8 to Basin A, and reservoir R2 in Basin A are not

needed during the planning horizon.  The four components, R1, R3, WF1, and WF2 supply water

at a rate of 80.6 MGD, which is 1% above the projected demand of 79.8 MGD.  The reason for the

difference between the demand and supply is that it is assumed that 1% of the supply is lost in

lines.

D.      Sensitivity   Analysis

Perhaps one of the most important advantages of the screening models using mathematical

programming techniques such as the one proposed in equations (5) through (21) is that they

provide the planners with a scientific tool to conduct sensitivity analysis on different components.

Let us assume that for a set of data and an estimated cost of the pipeline from Basin 8 to Basin A,

the model has chosen pipeline and treatment plant Tpl in Basin 8 over the development of
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reservoirs R2 and R3 in Basin A.  The planners are interested in knowing the upper limit of the

cost of pipeline alone which is more economical than the developmer`t of either reservoirs R2 or

R3.  By varying the cost of the pipeline from $162,200,000 up, it is observed that above a capital

cost of $243.4 x 106, the development of R2 or R3 are more economical.  This is graphically
6

demonstrated in Figure 10.  Above a capital cost of pipeline of $243.4 x 10 , the model chooses to
6

develop reservoir R3, and the total cost of the project is kept at $231.7 x 10 .  Clearly, if the
6

planners want to develop the pipeline, a capital cost of $243.4 x 10  is the maximum they should

consider.  This kind of sensitivity analysis may be conducted on other components to determine

their impacts on the total costs.  A useful by-product of most mathematical programming packages

is the opportunity or marginal cost figures.  The interpretation of these figures can help the

investigators greatly to identify the coefficients to which the objective function is most sensitive.

Therefore, if plans are to improve the input data, resources may be diverted to gather more accurate

information about these coefficients.  For example, if it is quite obvious that a certain decision

variable, when brought into the solution, will change the objective function noticeably, then it is

only logical to allocate more funds to gather more information about the coefficients of that

variable.

The REDUCED COST colurm in the COLUMN SECTION of section 5 of Appendix G

contains valuable information on the sensitivity of the objective function to continuous variables.

The reduced cost is the rate at which the objective function value will deteriorate if a variable

currently at zero is arbitrarily forced to increase a small amount.  In our example problem, the value

oftheobjectivefunctionisin106dollarsandtheunitofthecontinuousvariablesisin

104MG/planningperiod.Forexample,thereducedcostsofQRSA203whichisthediversionof
64

water from reservoir 3 in basin A during the second planning period is $21.574799 x 10 /10  MG
2

= $21.574799 x 10 /MG.  Thus, if one decides arbitrarily to divert water from reservoir 3 in Basin

A during the second time period without first improving QRSA203's profitability, for each million
2

gallons of water an increase in the objective function equal to $21.574799 x 10   will be realized.
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Figure  10: Optimal total cost of the project vs. the capital cost of the pipeline



The reduced cost associated with the variables already in optimal solution is either zero or negative.

A zero reduced cost clearly means that the variables' impact on the objective function is already

taken into account.  A negative reduced cost means that the variable is binding by the upper bound,

and a unit increase in the upper bound will hurt the objective function by the amount of the reduced

Cost.

From this definition of the reduced cost, if we were to spend more funds on collection of

new data, then funds should be spent on coefficient of variables with the smallest reduced cost

suchasQRSA102withareducedcostofS.10695x102/MG.Reducedcostsforintegervariables

do not have meanings.

DUAL PRICES are another set of output which can be used for sensitivity analysis.  These

prices are listed in the ROW SECTION of section 5 of Appendix G.  If the unit of the objective
64

function is in 10  dollars and the units of a constraint row are 10   MG/planning period, then the

unitsofthedualpricesassociatedwiththatparticularconstraintare106douar/104MG/planning

period.  This represents the rate at which the objective function value will improve as the right-

hand-side or constant term of the constraint is increased a small amount, say one unit.  A positive

dual price indicates that a unit change in the right-hand side of constraint will improve the value of

the objective value, while a negative dual price indicates the reverse.  A zero dual price indicates

that a unit change in the right-hand side does not change the objective value.  For example, the dual

price of row DTWAl is -.71299.  This means if the right-hand-side of row DTWAl in section 3 of

Appendix G is changed from 9.86237 to 10.86237, the objective value will increase by S.71299 x

io6/io4MG71.29"G.
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V. Summary and concluding Pemal<s

Water-resources planning is a multi-disciplinary and dynamic process.  This process

becomes rather complex when planning is being conducted for a multi-component and/or multi-

basin system.  In such cases, systems analysis can play a beneficial role to screen the most efficient

components.

In this report, a linear integer programming model is adopted which seeks to minimize the

present value of all costs (Capital + OMR) of a multi-component and multi-basin water-resources

system while satisfying the treated- and raw-water demands in each basin.  The use of the model is

demonstrated by its application to a multi-component and multi-basin water-resources planning

project.  The results of this application show that certain proposed elements of the system may not

need to be developed.  Also demonstrated is how this model may be used to conduct sensitivity

analysis on the different components of the system.

The success in obtaining an optimal or near-optimal solution to the proposed model is

highly dependent upon the optimization package used.  Recent software developments in linear-

integer programming methods have made the solution of these models for reasonable-size systems

possible.  We found LINDO (Schrage, 1984) capable of solving the example problem (32 column

integer variables, 60 continuous variables, and 64 rows) satisfactorily.  For larger matrices, our

experience is rather limited.  Chances are a more powerful version of LINDO or another

commercial package is needed to solve much larger problems.

The methodology for water-resources planning in this report must be used in the

preliminary stages of planning.  This procedure is designed to screen the most efficient elements of

a system.  The computation of stream-aquifer coefficients require a calibrated ground-water model.

This by itself is a major element of the planning if data are not available.  Since the procedure used

in the calculation of the stream-aquifer coefficients is based on the linear systems theory, care must

be taken to insure that this theory is basically upheld throughout the planning horizon.  This may

be done by simulation.  Once the optimum aggregated pumpage from a well field is determined, it
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is possible to apply a ground-water management model (Maddock, 1974; and Heidari, 1982) to the

aquifer to calculate optimum transient or steady-state pumpages of individual wells subject to the

optimum aggregate pumpage calculated by the planning model.  In this stage, computational

difficulties may arise due to the number of wells and time periods.  Decomposition techniques

(Heidari,1985a,1985b) may be used to reduce computational demands.  Once the optimum

pumpages for each well are calculated, quantity- and quality-simulation models with small time

increments must be applied to the area to make sure that assumptions and constraints of the

analysis are not violated to an unacceptable level.

A simulation model is also required to evaluate the impact of the planning model's optimum

diversions from diversion dams and reservoirs on the system using smau time increments.  Here

the objective is to find out how often the optimum diversion from dams and reservoirs can or

cannot be provided.  Simulation models developed for river basins (Lenton and Strzepek, 1977;

Strzepek and Lenton,1978; Strzepek et al.,  1979; and Heidari and Jian,  1988) may be used to

conduct such analysis.

A major factor in the water-resources planning process is the uncertainty associated with

supplies and demands.  Demand projections of municipal, industrial and agricultural demands are

influenced by population growth, governmental policies for growth, market prices and stochastic

nature of rainfall.   Supplies are also influenced by a great many uncertainties.  Not only do

uncertainties exist in rainfall-runoff processes leading to stochastic recharge and stream flows, they

also exist in the parameters of some of the elements of a system to deliver a certain amount of

water.  In this report these uncertainties are not addressed.
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EVALUATION   OF    SURF.ACE-WATER   -   GROUND-WATER    INTERACTION
COEFFICIENTS    IN   WATER-RESOURCES    PLANNING   MODEL

T|`Mogm:a:s:::M:ahdsd:o:c:k:,::I:[2[3

INTRODUCTION
'I`he    planners    of    water-resoiirce8    systems    are    concerned    with    the

ldentlflcatlon,      8electlon     and     8chedullng     of     projects     which     meet
development    objectives.        A   water-resources    planning    model    formulated
as    a    mixed-integer    program    18    used    to    screen    and    Sequence    proposed
projects   Such   that   the   present   cost   of   meeting   future   water   deTnand6   19
mlnlmlzed.       Surface-water   -   ground-water   lnteractlons   are   represented
ln    the    model    by    a    set    of    con§tralnt6    guaranteeing    minimum   Surface-
water     f low     which     can     be     af f ected     by     dlverslons     and     well-f leld
pumping.        When    well    fleld§     1n    a    planning    region    are    l`ydr8ullcally
connected    to    streams,    conslderatlon    must    be    given    to    the    impact    of
ground-water      pumping      on      surface-water      flows.             The      stream flow-
requirement    con§tralnt   in   the   planning   model   contains   surface-water   -
ground-water    lnterac[ion    coef ficients,    which    relate    the    quantity    of
water   wlt``drawn   f ron   the   stream   to   the   quantity   of   water   pumped   by   the
well   fields.

The    length    of    the    time    period    in    the    planning    liorizon.plays    an
important      role      in      tt`e      simulation      of      Stream-aquifer      interactiorl
coefficients.      Two   approaches   for   the   simulation   of   these   coefflclents
are   inves[1gated.      In   one   approach,    long   time   periods   are   used,   and   in
t:he     other,      shorter      time      periods      are     used     and      the     results     are
aggregated    to    represent    the    long    time    periods.       The    results    obtained
from   these   two   approaches   are   compared.

As    expected,    the    iise    of    stream-aqulfer    interaction    coe££1cients
produced    for    sl`orter.   time    |>erlods    as    coTnpared   with    Chose   produced   for
longer     time     periods     s``owed     better     results     ln     terms     of     using     the
maximum        available         stream        water         tl`rough        well-field         piimpage.
Furtl`erinore,     when     I:he     stream-aqulfer     interac[1on     coefflclents     were
aggregated    f ron    Smaller    time    perlod8    of    one    year    to    time    periods    of
the   planning   model,    more   stream   water   was   shown   to   be   used   as   compared
wl[h       the        resiilts       obtained       with       non-aggregated       stream-aqulfer
lnteractlon   coefflclen[s.
THEORY

When    well    f lelds    are    hydraulically    connected    with    streams    ln    a
Pltlnning    region,    a    surface-f low-requirement    constraint    ln    the    water-
resource6    planning   model   may    be    required.       T`iis    constraint   contains   a
Surface-water       -gt.ound-water       lnter€iction       coefflclent,         \r,   whlcl`
relates    the   qua[`tity   of   water   wltt`drawn   f rom   tt`e   Stream   during   time

;}|:si::;J`,`  X:?c:::::  KKaa::::  :::::g::::  :::::;:  :::::::::  K:    ::8!:
3Professor   of   IIydro|ogy,    University   of   ^fizol`ci,    Tucson,    AZ      85721
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period    n   and    all    prior    time    po.rlods.       The   stream-aqulfer   interaction
coef f lcient6    must    be    produced    for    the    same    time    perir.dg    as    those    of
the   planning   periods   of   the   model.

Assume      that      the     a.qulfer     in     a     planning     region     possesses     I:he
characteristics   described   below:

1.        the    saturated    t:hickness   of    the   aqulfer    ls    large   compared    to
any       drawdown       caused       by       punpage,        1.e.        the       8qulfer's
translnlsslvlty   1€!   1ndependenc   of   head;

2.        water      ls      lnstantaneou61y      released      f ron     Storage     ln      the
aqulfer,        1.e.        the       aqulfer's        storage       coefflclent       ls
independent   of   time;

3.        purnplng   of   wells    18   constant   wlthln   a   given   time   period,    but
lt   may   vary   f ron   time   to   time   period;   and

4.        tt`e   wells   fully   penetrate   the   aqulfer,    1.e.   vertical   movement
ln   the   aqulfer   ls   negllglble.

Under      ttiese      condltlon8,      Haddock      (1974)      has      shown      that      the
6tream's   cuDulatlve   contrlbutlon   to   an   aqulfer   with   in   putnplng  wells   at
tltne   n  ls

inn
F(n)   =E        I     y(J,    n-1+1)   Q(i,1)

J=1    1=1
where

F(n)

in
i`,

Y ( j ,n-1+1 )

Q( j , i )

=      cumulative   volume   of    water    removed    f ron   stream   as   of
the   n-th   time   period

=     number   of   wells
•=     number   of    time   periods
=      I ractlon   of   well   water   supplied   by   induced   flow   f ron

the   stream   [o   the   j-th  well   ln   the   i-th   time   period
=       volume   of    water   pumped   by   the    j-[h   well    in   tl\e   i-th

time   period.

The  Y      parameters   are   a   function   of
1.         the   river-boundary   conditions,
2.        the   distance   of   wells   to   tlie   river,
3.        the   distance   between  wells,
4.        the   well   radii
5.        tl`e    spatial    variablllty    of    the    aquifer's    [ransml§sivlty    and

storage   coefflclents,   and,
6.        boundary   condltlons   at   points   other   than   the   river.

AGGREGATED    VS.    NON-AGGREGATED    INTERACTION    COEFl``ICIENTS

The    model    sl`own    ln    Figure     1    1s    t:l`e    schematic    pt.esentatlon    of    a
Water-resources       pl£`nnlng       program      ln       Kansas.              Its       matl`etnatlcal
Structure,     based     on     that:     of    Haddock    and    Moody     (1974),     1s     a    linear
integer    programmlng   model   seeking    to   mli`lmlze    the    total   cost    (capital
Cost   +  operation,    malntcnance   and   replacement   cost)   of    supplying   water
to     l`\e     demtlnd     area,     I).          The     numbers     in     I.I`e     figure     represent     the
yields,        capital        costs        (CC)       and       operational,        Tnalntenance       and
replacement     cost:s      (0}{R)     associated     with     each    water     resource.         Tl`e
water-rtlanning    efforts    are    underway    for    the    demand    area    (D),    Cl`e   city
of    Wicl`1ta.        The    area    l`as    a    certain    demand    for    treated    water    which
increases   with    [1me.      The   future   demands    for    freshwater   were   developed
f I-om    past    records    of    den.ind    and    projected    fo'..ward    wlch    consideration
of    tl`e   r>ast   and   p.redicted    further   growtl`   of    the   area.
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Figure   i:      Schematic  Presentation  of   a  Water  Planning  Project.

Two    streams,    the   Little    Arkansas    (stream    I)    and   Arkansas    (stream
2)   are   part   of    the   existing   planning   model.      Four   wells   with   yields   of
7.5   million   gallons    per    day    (MGD)   are    located   next    to   stream   1.      Well
field    2    (WF2),    consisting   of    four   wells   with   yields   of   5   MOD,    each   is
also    proposed    ln    the    model    for    future    demand    of    the    area.       The   mean
streamf lows    ln   streams   i   and   2   are   169   MGD   and   323   MGD,    respectively.

The   execution   of    the   model   produces   optimized   pumpage§    from   each
water   resource   based   on    the   demand   function   for   the   area,   keeping   the
total    project    cost    for    the    20-year    planning   period   at    a   minimum.       A
dlscusslon    of    the    planning    results    ls    beyond    the    Scope   of    the   paper.
Ilere,     only     [l`e    effects    of     Surface-water    -    ground-water    lnteractlon
coef f lclent§     produced    ln     two    dlf ferent    approaches    are    compared    and
reported .

In    tl`e    first    approach,    the   lnteractlon   coefflclent6    are   produced
for   time   periods   of    5,    4   and   2   years.      This   was   done   by   §et[1ng   a   time
increment,      At,   for    calculation   of    these   coefflclents    equal    to    5,    4,
and     2     years     ln     a     ma[hematlcal    model     designed     to    calculate     these
coefflclents     (see    Haddock,     1975;     Heldari,     1982    a,     b).        As    expected,
[11e     results     sl`ow     tt`cit     t:``e    use     of     smaller     [Lme     periods     for     s[ream-
aqulfer    lnteractlon    coef f lcients    are    more    responsive    than    those    f or
longer    tline    iterlods    ln   terms    of    producing   maximum   stream   water   t\\rougl`
Well~flc;ld    pumping.       The    cumulative   water   used    wltt`    time    periods   o£    2
years     ls     100%    as     compared     to     51.66%    for     5-year     time    periods     ln    WFl
(Figure   2a).       In   WF2,    the   cumulative   stream   water   used   for   2-year   time
period.s    ls    /il.71%,    as    compared    [o    13.80%   when    time    periods    of    5   years
wet.e   used    (Figure   3a)
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Figure   2a:   Percent  Cumulative  Water  Used  From
Stream  i  Using  Non-Aggregated  Coefficients.
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Figure  2b:   Percent  Cumulative  Water  Used  From
Stream  1  Using  Aggregated  Coefficients.
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Figure   3a:   PerceDt  Cumulative  Water  Used  From
Stream  2  Using  Non-Aggregated   Coefficients.
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In    the    second    approach,    the   lnteractlon   coef ficients   were   first
produced     f or     1-year     time     periods     each     and     then    aggregated    to    the
required    time    periods    of     2,     4    and    5    years    for     tl`e    planning    model.
This   wa.s   done    following   the   procedure   explained   by   Haddock   (1974)   for
aggregating   the   stream-aqulfer   lnt:eractlon   coefflclent6.      The   results
obtained    using    these    lnteractlon    coefflclents    Show    that    the    Stream
contrlbutlon    to    I.umpages    increased    up    to    5%    1n    certain    time    perlod8
for    WF1,     for    time    periods    of    5    and    4    years    each.        No    considerable
increase    ln    stream-water    use    was    found    with    aggregated    lnteractlon
coefflclent8    for    WFl   with   a    [1me   period   of    2   years.       This    18    perhaps
because   a    Clme    I)erlod   of    2   years    18    short    enough,    and   aggregation   of
two    1-year    stream-aquifer    lnteractlon    coef flclents    does    not    lncrea8e
tl`e    acciiracy     to     any    mea8ureable    degree.         An    lncreage    up    to    3%    1n
stream-water   use    for   WF2   also   was   noticed   ln   time   periods   of   5,   4   and
2   years.

During    thl8    comparl8on   Study,    each   well   was    treated   lndlvldually
for   lnteractlon   coefflclen[8.      The   coefflclent8   for   all   wells   ln   each
well    f leld    can    also    be    aggregated    depending    on    the    contribution   of
each   well   1n   each    time   period   to   reduce   the   conputlng   time.      However,
contrlbutlon   of   each   well   to   the   well   f leld   ls   hard   to   assign  ahead   of
time   during   the   planning   proce§8.
CONCLUS IONS

I.        The     stream-aqulfer     coefficients     based     on     linear     system's
theory   enable   us   to   incorporate   the   Stream   contrlbutlon   to   an
aqulfer   into   a  planning  model.

2.        The     degree     of    accuracy    of     these    coefficients     ls    directly
related   to   the   tine   period   used   ln   the   ground-water  model   for
their   generation.

3.        Experience   ln   this   study   shows    tl`at   shorter   time   periods   used
ln    generation    of     tl`ese     coef f icients     produce    more    accurate
stream-aqulfer   coefflclents.      However,    the   short   tine   periods
may   create   a   large   planning   model   whose    solution   may   require
substantial   computing   effortg.

4.        The    stream-aquifer    coefficients    may    be    generated    for    short
t:1me     periods     and    aggregated     for    long    time    periods.        This
Study     shows     that     Such     aggregation     produces     somewhat     more
accurate        Stream-aqulfer        coef f lclent6        using        aggregated
coef flclents   calculated   from   Short   time   periods.
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I.   Generate  L  tream-Aauifer  Interaction   Coefficients
1.   Gather information -about the physical properties of the area, i.e.,

a.   transmissivity, strativity, boundary conditions
b.   saturated thickness
c.    initial head values
d.   bedrock thickness
e.    1eakance
f.    other information needed for a calibrated groundwater model.

2.  Decide about the planning parameter i.e.,
a.   number and length of each planning period
b.   number of nodes in X-and Yndirections
c.   distance between each node
d.   number and location of constant head nodes
e.   number and lcroation of observation wells
f.    number and lceation of pumping wells

3 .   Prepare a data file according to the format described in Appendix C-I, and name this file
as BI]TA  INDATA.

4.   Execute the prograni PROG  BETA to calculate the stream-aquifer interaction coeeficients
(betas).  The progran uses an-Implicit Alternate Direction  scheme.

5.   The program will generate two files.  The file BETA  VALUES will contain the values of

si;ianA-a8u|#erD##3::=f:1Cperioe#[:iobbey:::f)in|,ET=o¥n#Lmthfeeii5TEaoj*fl;t:sT:fd
from th-e input data file.

11. PreDare  Data  for  the  Planning  Model

Method  A

pR#8°ERaEvepaLDAasivhte:3:e°;"ar[e[j:#ralth¥pT£##in£#:uff#oEL#sakindofffll-in-
blanks for theinput required by the model.  The forms are saved in 11 files named Fl through Fll
and these files must be present in the current directory when running this program.  Follow the
instructions below:

1.   Type in X  PROG  PRE  PLAN to execute the program.
2.   Enter a number for-a sele6lted option.
3 .   Fill in the blanks for each form accordingly.
4.   Type in the file name BETA  VALUES created in step A when asked for stream-aquifer

interaction coefficients.
5 .   Save the data on a file by typing in any file name.

Method  8

If you do not have a Dasher 210/211 teminal, prepare an input data file using any text editor
according to the format specifications given in Appendix C-II.
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Ill.   Prepare  Data  fot.  OI)timizinp  Prof!ram

The optimization model PROG  LINDO accepts the data in a required matrix form.  The
program WATER  PLAN  MOD talces the data prepared in step 8 and arranges in an acceptable
matrix format for FROG  LINDO.  If you are dealing with big numerals, select the option to
scale the matrix down, and provide appropriate scaling factors when asked by the program.

The output file name from this program depends on whether or not the scaling option is
selected.  If the scaling option is selected, the file name will be PLAN  MOD  MATRIX
SCALED otherwise the file name will be PLAN  MOD  OUT  MATRIX. -

IV.      Run  the  optimizing  program

Execute the program PROG  LINDO and follow instructions from the LINDO manual.
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Card#  Column             Format        Variable            Description

H"fl

211

311

411

511

611

711

flu"

211

311

rvvRTE

IDISK

IVDSK

nVASS

IVEL

IBETA

IRAD

ISTDY

IBOUND

ILEAK

1-2            12                ID"
3 -4              12                   JDIM
11-20         Flo.2           DX

Option for printing transmissivity, initial head,
saturated thickness and storitivity maps.

1 = Yes, 0 = No
Option to write out drawdown response
functions on disk file.

1 = Yes, 0 = No
Option to write out velocity response
functions on disk file.

1 = Yes, 0 = No
Option to calculate mass balance.

1 = Yes, 0 = No
Option to write out velocity field.

1 = Yes, 0 = No
Option to write out drawdowns.

1 = Yes, 0 = No
Option to perform well radius corrections.

1 = Yes, 0 = No
Option to simulate under steady state or transient
condition.

1 = Yes' 0 - No
Option to set boundary conditions.

1 = Constant head boundary
0 = No constant head boundary

Option to set leakance
1 = Leakage exists
0 = No leakage exists

Number of Nodes in X-direction
Number of Nodes in Y-direction
Distance between each node (feet)

1-2             12                  NUMKT          Number of time periods
3-22           F20.2  '       I}r                      Length of each time period (seconds)

1 -2             12                  LENG               Number of iterations
3-22           F20.2           EPS                    Convergence factor (0.01 )

1-10            Flo.2           POR                    Porosity in fraction (e.g., 0.25)

15F5.2        DELX(I),          Grid scale in x-direction
[I=1,IDIM]           (e.g., 0 to  1)

15F5.2         DELY(J),          Grid scale in Y-direction
[J=1,JDIM]         (e.8., 0 to
[J=1,JDIM]         (e.8., 0 to

1-20            F20.5

Appendix    C.I

SCALET           Scaling factor for transmissivity values

56



10                 1-2012      Flo.0

11                  1-20             F20.5

12                                             1515

13                 1-20            F20.5

14                                            1515

15                 1-20            F20.5

16                                             1515

17                    1-3                 13

18                                        2012

19

20

8E16.5

8F8.0

21                      1-3                  13

22                                      2012

23                   1 -2               12

24                                      2012

25                   1-2               12

26

Appendix    C.I

2012

T(I'J),
[J=1'JDIM,
I-1,IDIM]
SCALEM

ST(I,J),
[J=1,JDIM,
I-1,IDIM]

SCALEH

IH(I,J)
[J=1'JDIM'
I=1,IDIM]
SCALES

S (I,J)'
[J=1'JDIM'
I=1,IDIM]

NCLN

IICL(K)'
JJCL(K)'
[K=1,NCLN]

ZHC(K)'
[K=1,NCLN]

BD(K),
[K=1,NCLN]

NCHN

IICH(K)'
JJCH(K),
[K=1,NCHN]

NOBSW

Matrix of transmissivity values

Scaling factor for saturated thickness values

Matrix of saturated thickness values

Scaling factor for initial head values

Matrix of initial head values

Scaling factor for storage ccefficient

Matrix of storage coefficient values

Number of no constant-head leaky nodes

I.ocation of no constant-head leaky
nodes

Hydraulic conductivity values of no
constant-head leaky nodes

Matrix of bedrock thickness values

Number of constant head nodes

Lceation of constant head nodes

Number of observation wells

IO(K),JO(K),  I.ocation of observation wells
[K=1,NOBSW]

NWEL              Number of pumping wells

II(K),JJ(K),  Location of pumping wells
[K=1,NWEL]
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The input data consists of eleven data sets. Each data set is preceeded by a description card
(TLINE) which states which data set is to follow. The eleven data sets are (for examples,  see
APPENDIX F-I):

1.    DATA SET II-E: READ rrlTLE OF PROBLEM
2.    DATA SET II-F: READ NO. OF BASINS, NO. PROJ., ETC.
3 .    DATA SET H-G: READ NO. OF PROJECTS OF KIND J:
4.    DATA SET II-H: READ NO. OF UNTREATED IMPORTS
5 .    DATA SET 11-I: READ NO. OF TREATED IMPORTS
6.    DATA SET II-J: READ PARAMETERS
7.    DATA SET II-K: READ UNTREATED WATER IMPORT PARAMETERS
8.    DATA SET H-L: READ TREATED WATER IMPORT PARAMETERS
9 .    DATA SET II-M: READ DEMANDS FOR TREATED AND UNTREATED

10.    DATA SET II-N: READ SURFACE WATER PARARETERS
11.    DATA SET II-O: READ STREAM-AQUIFER PARAMETERS
12.                          END OF DATA

NOTE:
1)     In the data description lines, the first four letters such as Il-E, II-F, etc., must be

entered.
The user may use the rest of the space on that line to enter an optional description of the
data cards to follow (see Appendix F-1).

2)     The user may skip data sets which are not involved in a particular problem.  For
example, in Appendix F-1, data-set II-K is skipped because there is no import of
untreated water in the example problem.

Data             Column     Format        Variable                    Description
Set

II-G

II-H

1 -80            20A4
1-80            20A4
1-80            20A4
1-5                  15
6-10             15
11-15            15
16-20         F5.0
21-25          F5.0
26-30         F5.0
1 -80            20A4

IS
10IS

1-80            20A4
1-5                  15
6-10             15
11-15            15

Appendix    C.II

TLINE
TITLE
TLINE
NBASIN
MNIDK
NPRODS
DELT
RATE
AMRATE
TLINE
18
NPROJ(IB,J)'
J=1,MNPDK
TLINE
18
JB
NUWIP(IB,JB)

59

Description of data set H-E.
Title of the problem
Description of data set II-F.
No. of basins in analysis.
Max. no. of projects of different kinds.
No. of time periods in analysis.
Length of each time period (years).
Interest rate.
Amortization rate.
Description of data set II-G.
Basin no.
No. of projects of kind J in basin 18.

Description of data set H-H.
No. associated with importing basin.
No. associated with exporting basin.
No. of projects to import untreated
water from JB to 18.



Data              Column     Format        Variable                     Description
Set

II-J

II-K

II-L

1 -80            20A4
1-5                 15
6-10             15
11-15            15

1 -80            20A4
1-5                 15
6-10             15
11-15            15
16-20          15

21-25          15
26-35         Flo.0
36-45         Flo.0
46-55         Flo.0
1 -80            20A4
1-5
6-10
11-15
16-20

21-25 15

26-35         Flo.0

36-45         Flo.0   '

46-55         Flo.0

1 -80            20A4
1-5                 15
6-10             15
11-15            15
16-20          15

21-25          15

Appendix    C.II

TLRE
18
JB
NTWIP(IB,JB)

TLRE
18
K
N
IFLAG
(IB,K,N)

LIFE(IB,K,N)
YIELD(IB,K,N)
CC(IB,K,N)
OMR(IB,K,N)
TLINE
181
IBE
N
IFUIP(IBI, IBE,N)

LFUIP(IBI'
IBE,N)

YLDUIP(IBI'
IBE,N)

CCUIP(IBI'
IBE,N)

OMUIP(IBI'
IBE,N)

TLINE
181
IBE
N
IFTIP(IBI'

IBE.N)

LFTIP(IBI,
IBE,N)

60

Temporary description of data set H-I.
No. associated with importing basin.
No. associated with exporting basin.
No. of projects to import treated water
from JB to 18.
Description of data set II-J.
Basin no.
Project kind.
N-th project of kind K.
A flag stating whether project exists or
not.

=1 project exists
=0 project does not exist.

Economic life of project(years).
Yield of projectorGD).
Capital cost of project(S).
OMR cost of project(S).
Description of data set II-K.
No. associated with importing basin.
No. associated with exporting basin.
No. associated with project.
A flag stating whether untreated water
import project exists or not.

=1 project exists.
=0 project does not exist.

Economic life of untreated water import
project (years).

Yield of untreated water import project
(MGD).

Srao5t;tci:S°)S.t°funtreatedwaterimpon

OMR cost of untreated water import
project (S,.
Description of data set II-L.
NO. associated with importing basin.
No. associated with exporting basin.
No. associated with project.
A flag stating whether treated water import
project exists or not.

=1 project exists.
=0 project does not exist.

Economic life of treated water import
project(years).



Data              Column     Format         Variable                     Description
Set

II-M

II-N

11-0

26-35         Flo.0

36-45         Flo.0

46-55         Flo.0

1 -80            20A4
1-5                 15
6-10             15
11-15           F5.0

16-20         F5.0
21-25         F5.0

26-30         F5.0
31-35          F5.0

36-40         F5.0

YLDTIP(IBI'
IBE,N)

CCTIP(IBI,
IBE,N)

OMTIP(IBI,
IBE,N)

TLINE
18
IT
DIVATR(IB,IT)

PLTVIR¢B,IT)
DUWATR(IB,IT)

PLUWTR(IB,IT)
PTTWD(IB,IT)

PTUWD(IB,IT)

1 -80           20A4            TLINE
1-5                15                     18
6-10           15                   NRMF(IB)

1-5                15                      18
6-10            15                   NR
11 -20         F 10.0           FLOWIN(IB ,NR)
21-30         Flo.0

31-35           15

36-40          15

31-35           15

31-35           15

31-35           15

Yield of treated water import
project(MGD.

Sraoii*(3;.St°ftreatedwaterinpon
OMR cost of treated water import
project(S,.
Description of data set II-M.
Basin no.
Time period.
Demand for treated water in basin 18
during time period IT (MGD).
Percent line loss of treated water.
Demand for untreated water in basin 18
during time period IT(MGD).
Percent line loss of untreated water.
Percent of total treated water demand for
basin 18 during time period IT to be
satisfied.
Percent of total untreated water demand for
basin 18 during time period IT to be
satisfied.
Description of data set II-N.
Basin no.
No. of stream reaches with minimum
stream  flow requirement in basin 18.
Basin no.
Stream reach no.
Flow into the reach(MGD).

FLOWOT(IB,NR)  Minimum flow requirement from the
reach(MGD).

NPLNR(IB,NR,1) 1-st diversion dam no. in basin 18 which
diverts water from reach NR.

NPLNR(IB,NR,2) 2-nd diversion dam no. in basin 18 which
diverts water from reach NR.

NPLNR(IB,NR,3) 1-st reservoir no. in basin 18 which diverts
water from reach NR.

NPLNR(IB,NR,4) 2-nd reservoir no. in basin 18 which
diverts water from reach NR.

NPLNR(IB,NR,5)  1-st well filed no. in basin 18 which diverts
water from reach NR.

31-35         15                  NPLNR(IB,NR,6) last welll field no. in basin IB which
diverts water from reach NR.

1-80           20A4            TLINE                      Description of data set Il-O.
1-5               15                    18                                   Basin no.
6-10           15                  NN                              Well field no.
11 -80         10F6.0         B SA(IB ,NN,IT),    Stream-aquifer interaction ccefficients

IT=1,NPRODS
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'0                '0                  '0                  '0
`0                 '0                   '0                   .0
'0                 '0                   '0                   `0
'0                '0                  '0                  '0
'0                '0                  '0                  .0
'0                .0                   `0                   '0
'0                '0                 '0                  '0
`0                 `0                   '0                   '0

00000.000000[



5119.            7046.
8148.             9175.
0.0.
0.0.

652].          7TSH.
9870.           8594.

15469.       13395.
0.0.
0.0.
0.0.

15113.        10773.
8423.                0.

0.                    0.                  0.
0.                    0.                  0.

2402.          10354.          14731.        11331.
5824.            7590.          11016.

0.                    0.                    0.
0.                    0.                    0.

52777.           4764.         13687.
7259.           6099.         10053.

0.                  0.                  0.
0.                    0.                    0.

58222.            5123.         14712.
13044.          11594.            8773.

0.                    0.                    0.
0.                    0.                    0.

77736.            6192.          13895.
14268.         10416.            8662.

0.                    0.                    0.
0.                   0.                   0.

55416.           4517.          14925.
10379.            8918.            9083.

0.0.
0.0.

53444.         10076.
8634.            8131.

49152.           8692.
7430.           8467.
0.0.
0.0.

107652.         62166.
5268.            6451.
0.0.
0.0.

132000.       107347.
5442.           5662.
0.0.
0.0.

169486.        26620.
6912.           6745.
0.0.
0.0.

165333.         23555.
8932.            5122.
0.0.
0.0.

132472.        20074.
11069.            7627.

126333.       112458.
3979.          2,s6n.
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0.
0.

13476.
8643.

0.
0.

9111.        10627.       11833.        13085.         9418.
0.                 0.                 0.                 0.
0.                 0.                0.                 0.                0.

3664.     112416.    194833.    208416.    166458.
8171.        10138.       11321.        12884.       11564.

0.                 0.                 0.                 0.
0.                 0.                 0.                 0.                 0.

4046.    100472.    168652.    237611.    195763.
9543.          7180.         6775.       10446.       13537.

0.                 0.                0.                 0.
0.                 0.                0.                 0.                 0.

5084.     115958.    156097.    217875.    210708.
11541.       11578.          8777.         3928.          9960.       12935.

0.0.
0.0.
0.         2923.

9659.       10874.
0.0.
0.0.

2592.        5892.
8525.        9976.
6886.                0.
0.0.

0.                 0.                 0.
0.                0.                 0.                0.

130611.    198555.    253264.    127930.
4594.         5199.         6361.

0.                0.                 0.
0.                0.                 0.

145166.   226736.     121444.
9314.        6037.         7199.

0.                0.                 0.
0.                 0.                 0.

7152.

0.
99986.

8064.

0.
0.      94125.    145833.   205652.    120597.    112777.

9641.         9569.       11370.        4655.          8187.         8800.
7236.        5682.
0.0.
0.         3480.

9398.       16303.
7518.                 0.
0.0.
0.         3593.

12016.       10263.       12844.
8041.         7199.
0.0.
0.0.

9960.       10942.
7233.         6759.

0.                 0,.
0.0.

7233.       12055.
6393.          6185.
0.0.
0.0.

0.                0.                 0.
0.                0.                 0.                 0.

17523.    169388.     160152.    152374.
12071.         7381.          8893.         7240.

0.                 0.                 0.
0.                 0.                 0.                 0.

9106.         8743.        11837.

0.                0.                 0.
165430.    140597.         4959.

12331.       13009.       10259.

0.                 0.                 0.
168055.    100305.       61875.

14067.       11094.         9280.

0.                 0.                 0.
169402.    149916.     103666.

15571.       15851.          8108.

0.                 0.                 0.
128250.    136264.    117249.

16814.       17043.       17238.

0.                0.                 0.
114069.    142750.     137430.

10780.       15601.        15861.

0.                0.                 0.
119833.    155430.     101472.

11423.       13805.        11192.

0.                 0.                 0.
152514.    132555.       57541.

9750.      12004.       12069.

0.                 0.                 0.
9053.      27849.    233541.   219277.    163833.      94999.       95763.

10953.         8419.          7368.       10182.
5710.                  0.                 0.                  0.

0.                 0.                 0.                 0.                 0.
0.         6775.      29372.    244624.   230527.

6974.         7685.         9680.         9358.      13351.
7854.                 0.                0.                 0.

0.                 0.                0.                 0.                 0.
0.         4458.    158083.    241736.    241583.

3592.          7854.         9159.        11314.       11976.
7912.                 0.                0.                 0.

0.                 0.                 0.                 0.
0.       44347.    113735.    239055.

8558.         7861.       10722.         8342.         8495.       12023.
6129.         5277.         7708.                 0.                0.                 0.

0.                 0.                 0.                 0.                0.                 0.
0.                 0.                0.       70305.    139555.    236666.

24668.       21664.       16740.         7569.       12141.       12756.
7384.         4750.         6868.                 0.                0.                 0.

0.                 0.                0.                 0.                0.                 0.

14923.       14678.       10328.

0.                 0.                 0.
188791.    119500.     106319.

13402.         7805.         9192.

0.                 0.                 0.
199777.    171958.     158458.

7467.         3793.         6143.

0.                 0.                0.                 0.
266583.    224652.    168750.    154680.

9256.         5932.         3097.         5266.

0.                 0.                 0.                 0.
263986.    207750.    172097.    150555.

7354.         4268.         6192.         9932.

0.                 0.                 0.                 0.
0.                 0.           803.       96958.    165583.    241486.   268402.    218514.    203027.    146000.

25826.      22520.      16030.
8000.         3979.         6013.

0.
0.

24171.       23451.
7108.          9590.

0.
1345.

18002.
0.

10912.      11944.          8356.         6222.
0.                0.                 0.
0.                0.                 0.                0.

96583.    164458.    218819.    259111.
17182.       14303.        11131.          4527.

0.                0.                 0.
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3706.        8682.       10030.

0.                0.                 0.
229430.   205902.    138944.

7916.         3865.         5009.



0.0.
0.0.

121000.       107958.
3231.            3874.
0.0.
0.0.

115666.       102569.
6733.           5094.
0.0.
0.0.

108347.         74389.
5409.           4666.
0.0.

3240.         15046.
107874.         87875.

5937.           4979.
0.0.

5813.           4400.
129291.       106263.

6222.           5064.
0.0.

5076.           5398.
156541.       123194.

6108.            5685.
0.0.

3837.           4224.
233986.         31467.

20986.           5395.
0.0.

5439.           2403.
321000.      282944.

12763.         16722.
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0.                 0.                 0.                 0.                0.                 0.                 0.                 0.                 0.                 0.
0.                 0.         1951.         5337.    149375.    245069.    257138.    226861.    195444.     133652.

109194.       18532.       17900.       19178.       19141.       15324.         6486.         2988.         3842.         4648.
S]96.       97]7.
0.0.
0.0.

83027.       13865.
4245.         6370.
0.0.
0.0.

75611.        12219.
3363.         3240.

0.    451388.

0.                 0.                0.                 0.
0.                 0.                0.                 0.                0.                 0.                0.                0.

4398.         6018.    149458.    202722.   269624.    252833.   206916.     130097.
16675.      23534.      22189.       16016.         5002.         2069.           881.         3567.

5840.                 0.                0.                 0.
0.                 0.                0.                 0.                 0.
0.       19574.    150694.    168180.    282764.

15259.       24664.      23173.       12196.         5291.
2425.                0.                0.                 0.

416666.    409722.               0.                0.        3009.
20370.       16247.      21259.      24743.    166027.    176180.   297236.
88791.       69805.       17037.       21060.      22041.       15569.      10958.

3384.         3969.        4893.                 0.                0.                 0.
395833.    424167.    391735.    398610.   427291.    267013.        2730.

23210.       26166.      31439.      29402.    181263.    274375.    319444.
109180.       99347.       15784.       19893.       18805.       14618.         9905.

3388.         2944.                0.                 0.                0.                 0.
743055.    637639.    537846.    437291.   403264.    378402.        9273.

19268.       23719.
120819.       96388.

7379.          5187.
1090278.    991806.

4334.         6295.
19523.        19935.
8106.         5745.

0.                 0.                 0.
265708.   205555.    129888.

2488.         3115.         3840.

3472.        4398.         4398.
265333.   203666.    142680.

3259.         4974.         5159.

3748.         4791.         4781.
266444.    153291.    149222.

4342.         5893.         7120.

9111.          3286.          4816.
27631.      29731.    238361.    302152.    320347.    244083.    159222.    162388.
17136.       12715.         3638.         8935.       10960.         7208.         4004.         4814.

0.                 0.                0.                 0.
581319.    477013.    509999.    472639.    366597.    377570.   293958.         2565.

6345.         7631.         8512.         9949.      56115.    264000.   234111.    244624.
18886.       12705.         8782.         2680.      11696.       10069.         6458.      22208.

0.                  0.                 0.                  0.
1104166.1072499.    763888.    518888.   481667.    441874.   412222.    422846.    365278.    384375.

2814.         4082.         4717.       31960.      34837.         9631.      56564.    331777.    328444.    324638.
36189.       29527.      21988.       20939.       19449.       14851.       10175.         7659.         6354.       19763.

0.                 0.                 0.                 0.
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1           . 2278

2           .3901

3           .5218

4         .7075

5         .4792

6         . 6765

7          .7133

8         .7725
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.4727

.6644

.7856

.9059

.71 29

.8599

.8902

.9258

.6572

.8149

.8991

.9639

.8281

.9269

.9496

.9697

.7824

.9863

.9498

.9842

.8929

.9588

.9747

.9859
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GROUNDWATER RESPONS E FUNCTION MODEL
PROBLEM:
PRINT OUT TRANSMISSIVITY, SATURATED TIHCKNESS,
[NIHAL [HAD AND STORAr[TVITy MAPS7
WRITE OUT DRAWDOWN RESPONSE FUNCTIONS ON DISK ?
WRITE OUT VELOCITY RESPONSE FUNC'IIONS ON DISK ?
CALCULATE MASS BALANCE ?
\VRITE OUT AREAL VELOCITY FIELDS ?
`VRITE OUT AREAL DRAIVDO`VNS ?
PERFORM \VELL RADIUS CORRECTIONS ?
GRID INFORMATION

NUMBER OF GRID ROWS                = 63
NUMBER OF GRID COLUMNS       = 44
DISTANCE RETRIC                            = 5280. FT

GRID SCALE IN X DRECTION

GRID SCALE IN Y DIRECTION

TIME INFORMATION

TOTAL NUMBER 0F TIME PERIODS
TIME PERIOD LENGTH

ITERATION INFORMAHON

NUMBER OF PARAMETERS           = 40
CONVERGENCE EPSILON  = .01000
ITERATION PARMETERS :

CONSTANT HEAD BOUNDARY
CONFINING LAYER WITH LEAKAGE

=4
= .15768E+09 SEC.

CONFINING LAYER DATA READ IN
***CONSTANT HEAD BOUNDARY POINTS READ IN***
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OB S ERVATION VVELLS
VVELL        Row     COLUMN                                 INITIAL VELocrly
''''

137

241

343

446

540

643

745

847

"(X)

27           .5473E-05

30           .6790E-05

32           .6053E-05

33            .5788E-05

21            .5315E-05

24          . 2342E-04

28           .2868E-04

31            .2026E-04

Cf)

.1631E-05

.2105E-05

.1526E-05

.2421E-05

.4158E-05

.1158E-04

.1868E-04

.1237E-04

PUMPING WELLS

WELL      Row    CoLUMN                 INrnAL VELoCIT¥
''''

137

241

343

446

540

643

745

847

"(X)

27           .0000E+00

30          .0000E+00

32          .0000E+00

33 '          .0000E+00

21           .0000E+00

24          .0000E+00

28           .0000E+00

31           .0000E+00

( R)            (TIHTA )

.5711E-05             16.6

.7109E-05            17.2

.6242E-05           14.2

.6274E-05           22.7

.6748E-05           38.0

.2612E-04           26.3

.3423E-04           33.1

.2374E-04           31.4

Cf)                       (R)                       (TIHTA)

.0000E+00         . 0000E+00         . 0

.0000E+00          .0000E+00         . 0

.0000E+00          .0000E+00         . 0

.0000E+00         .0000E+00         . 0

.3076E-77           .0000E+00         90.0

.2375E-77           .0000E+00          90.0

.0000E+00          .0000E+00         . 0

.0000E+00          .0000E+00         . 0

PUMPING `VELL "   1
NODE COORDINATE (37 ,27)
TIRE LAG  1
PUP\AI'ING RArrE Esrr"ATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  22.7808075 PERCENT
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.7721919 FT**3/SEC



PUMPING WELL "   1
NODE COORDINATE (37,27)
TIRE LAG  2
PUMPING RATE EST"ATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  47.2705383 PERCENT
PUMPING WELL "   1
NODE COORDINATE (37,27)
TIME LAG  3
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  65.7186890 PERCENT
PUMPING WELL "   1
NODE COORDINATE (37,27)
Trm LAG 4
PUMPING RArrE EsrlTMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  78.2440948 PERCENT
PUMPING WELL "  2
NODE COORDINATE (41,30)
TIME LAG  1
PUMPING RATE EST"ATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCEr`IT DIFFERENCE =  39.oio5896 PERCENT
PUMPING WELL "  2
NODE COORDINATE (41,30)
TIME LAG  2
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.00cOOOO FT**3/SEC
PERCEr`IT DIFFERENCE =  66.441223 1 PERCENI
PUMPING V\rELL "  2
NODE COORDINATE (41,30)
TRE LAG  3
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE = ' 81.4914398 PERCENT
PUMPING WELL "  2
NODE COORDINATE (41,30)
"E LAG 4
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.00cOOOO FT**3/SEC
PERCENT DIFFERENCE =  89.6311646 PERCENT
PUMPING WELL "  3
NODE COORI)INATE (43,32)
TIRE LAG  1
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  52.1791687 PERCENT
PUMPING WELL "  3
NODE COORDINATE (43,32)
"E LAG 2
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.5272946 FT* *3/SEC

.3428131  FT**3/SEC

.2175591  FT**3/SEC

.6098942 FT**3/SEC

.3355878 FT**3/SEC

.1850856 FT* *3/SEC

.1036884 FT**3/SEC

.4782084 FT**3/SEC



PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  78.6490784 PERCENT
PUMPING \VELL "  3
NODE COORDINATE (43,32)
"E LAG 3
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
pERCEr`IT DIFFERENCE =  89.9o69977 PERCENT
PUMPING IVELL "  3
NODE COORDINATE (43,32)
TIRE LAG  4
PuhAI'ING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCEr`IT DIFFERENCE =  94.97763o6 pERCEI\IT
PUMPING WrELL „  4
NODE COORDINATE (46,33)
TIRE LAG  1
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCEr`IT DIFFERENCE =  7o.75 17242 PERCENT
PUMPING WELL "  4
NODE COORDINATE (46,33)
TIRE LAG  2
PuhAI'ING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
pERCEr`IT DIFFERENCE =  9o.5935669 PERCENT
PUMPING WELL "  4
NODE COORDINATE (46,33)
TRE LAG 3
PuhAI'ING RATE ES"ATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCEr\IT DIFFERENCE =  96.3897247 PERCENT
PUMPING \VELL "  4
NODE COORDINATE (46,33)
TIRE LAG  4
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.00cOOOO FT**3/SEC
PERCEr`IT DIFFERENCE =  98.4153748 PERCENT
PUMPING WELL "  5
NODE COORDINATE (40,21 )
IRE LAG  1
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  47.9194336 PERCENT
PUMPING WELL "  5
NODE COORI)INATE (40,21)
TIRE LAG  2
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  71.2909698 PERCENT
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.2135091  FT**3/SEC

.1009300 FT* *3/SEC

.0502237 FT* *3/SEC

.2924827 FT**3/SEC

.0940644 FT* *3/SEC

.0361027 FT**3/SEC

.0158462 FT**3/SEC

.5208056 FT**3/SEC

.2870904 FT**3/SEC



PUMPING WELL "  5
NODE COORDINATE (40,21)
TIME LAG  3
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.00cOOOO FT**3/SEC
PERCENT DIFFERENCE =  82.8127289 PERCENT
PUMPING \VELL "  5
NODE COORDINATE (40,21 )
IRE LAG 4
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  89.2932587 PERCENT
PUMPING WELL "  6
NODE COORDINATE (43,24)
TIRE LAG  1
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  67.6476898 PERCENT
PUMPING WELL "  6
NODE COORDINATE (43,24)- LAG 2
PuhAI'ING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  85.9889221 PERCENT
PUMPING WELL "  6
NODE COORDINATE (43,24)
TIRE LAG  3
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.00cOOOO FT**3/SEC
pERCEr`IT DIFFERENCE =  92.6949oo5 PERCENT
PUMPING WELL "  6
NODE COORDINATE (43,24)
TRE LAG 4
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCEr`IT DIFFERENCE = ' 95.88 1 1493 PERCENT
PUMPING WELL "  7
NODE COORDINATE (45,28)
TIRE LAG  1
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  71.33435o6 PERCEr`IT
PUMPING WELL "  7
NODE COORDINATE (45,28)
"ELAG 2
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.00cOOOO FT**3/SEC
PERCENT DIFFERENCE =  89.0180511 PERCENT
PUMPING WELL "  7
NODE COORDINATE (45,28)
TRE LAG  3
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.1718727 FT* *3/SEC

.1070675 FT**3/SEC

.3235232 FT**3/SEC

.1401109 FT**3/SEC

.0730510 FT**3/SEC

.0411885 FT**3/SEC

.2866566 FT* *3/SEC

.1098195 FT**3/SEC



PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  94.9640503 PERCENT
PUMPING WELL "  7
NODE COORDINATE (45,28)
TIRE LAG  4
PUMPING RATE EST"ATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.00cOOOO FT**3/SEC
pERCEr`IT DIFFERENCE =  97.4688416 PERCENT
PUMPING WrELL „  8
NODE COORDINATE (47,31 )
"E LAG 1
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  77.2479401 PERCENT
PUMPING WELL "  8
NODE COORDINATE (47,31 )
TIRE LAG  2
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.00cOOOO FT**3/SEC
PERCENT DIFFERENCE =  92.5811768 PERCENT
PUMPING WELL "  8
NODE COORDINATE (47,31 )
TRE LAG 3
PUMPING RATE ESTIMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
pERCEr\IT DIFFERENCE =  96.9673767 PERCENT
PUMPING WrELL „  8
NODE COORDINATE (47,31 )
TEE LAG 4
PUMPING RATE EsrITMATED FROM STORAGE LOSS
ACTUAL PUMPING RATE = 1.0000000 FT**3/SEC
PERCENT DIFFERENCE =  98.5906982 PERCENT
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.0503595 FT**3/SEC

.0253116 FT**3/SEC

.2275206 FT* *3/SEC

.0741882 FT**3/SEC

.0303262 FT* *3/SEC

.0140930 FT* *3/SEC
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I

01

MAIN  MENU

1. Enter new data
2. Edit current data
3. F}ead data from a file
4. Write data to a file
5. QUIT

ENTER OPTION  NUMBEPl:  1
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02

ENTEPI THE TITLE OF THE PF`OBLEM   (MAXIMUM 80 CHARACTERS)

TEST OF WATEP  PLAN   MOD VEPSION 3.0

ENTEFt   NEWLINETOCONTINUE,1  TOEDIT,     2FOPMAINMENU:

Appendix E
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03

NUMBEPI OF BASINS

MAXIMUM NUMBER OF PPIOJECTS OF DIFFEF}ENT KINDS      5

NUMBEPI OF THE PEBIODS IN THIS ANALYSIS                                4

LENGTH OF EACH TIME PEF`loD (YEAPIS)                                          5.0

INTEPIEST PIATE  (DECIMAL)                                                                             .07

INTEPIEST RATE FOR AMOFmzATloN (DEclMAL)                        .08

ENTEPl: TAB for next field,      CTF}L-Tforprevious,      NEW-LINE to exit
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04

PF]OJECTS   IN   BASIN   1

Number of Diversion Dams

Number of Surface Fteservoirs

Number of Well Fields

Number of Desalination Plants

Number of Treatment plants

ENTER: TAB for next field,     CTPIL-Tforprevious field,      NEW-LINE to exit
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04

PROJECTS   IN   BASIN   2

Number of Diversion Dams

Number of Surface Reservoirs

Number of Well Fields

Number of Desalination Plants

Number of Treatment Plants

ENTEFl: TAB for next field,     CTF`L-T forprevious field,      NEW-LINE to exit
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05

:.ffj

UNTPIEATED WATEPl lMPOPT/EXPOF`T

ENTEP: TAB for next field,     CTRL-T for previous field,     NEW-LINE to exit

81
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06

TFtEATED WATEFt IMPORT/EXPOPIT

ca' EROFTREATE

ENTER: TAB for next field,     CTPIL-T for previous field,      NEW-LINE to exit
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07

PAF}AMETEPIS OF WATEPI PFIODUCING  PPOJECTS  IN  BASIN  1

PRCHEC
KIND..K

i  a     6          ®          i        a

P I

20.00                         0.     65.00
50.30     311000000.      80.00
14.00       95000000.      90.00
7.50                        0.     50.00
7.50                         0.     50.00
7.50                         0.     50.00
7.50                        0.     50.00
5.00         6000000.     60.00
5.00         6000000.     60.00
5.00         6000000.     60.00
5.00         6000000.     60.00

112.00                            0.100.00

ENTER: TAB for next field,     CTPIL-Tfor previous field,      NEW-LINE to exit



07

PAPAMETEPIS OF WATEP PFtoDUCING PROJECTS IN  BASIN 2

PF}OJECT
EXIST?0/1

60.00                              0.    115.00
60.00          55000000.   210.00

ENTEP: TAB for next field,     CTF}L-T for previous field,     NEW-LINE to exit



PAPIAMETERS FOPI UNTPEATED WATEPl IMPORT PF]OJECTS

ENTEP: TAB for next field,     CTPL-Tfor previous field,     NEW-LINE to exit



PAPAMETEPS FOF} TREATED WATEP IMPOBT PPIOJECTS

PROJECT
EXIST"1

60.00    162200000.118.00

ENTEPl: TAB for next field,     CTPL-Tfor previous field,     NEW-LINE to exit



DEMANDS FOF} TPEATED &UNTPEATED WATEF} BASIN  1

53.50
61.00
70.20
79.80

ENTEP: TAB for next field,     CTPL-Tfor previous field,      NEW-LINE to exit



DEMANDS FOF} TREATED &UNTPIEATED WATEF] BASIN 2

ENTEF}: TAB for next field,     CTPIL-Tfor previous field,      NEW-LINE to exit



SUPIFACE-WATEP  -  GPOUND-WATEP INTEPACTION PARAMETEPS FOF` BASIN 2

(1  = EFFECTING     O=NOTEFFECTING)

#1#2 #1#2

ENTEP: TAB for next field,     CTFtL-Tfor previous field,      NEW-LINE to exit

#1#2



SUPFACE-WATEF}  -   GPIOUND-WATEPl lNTEPACTION PAF}AMETEF]S FOPI BASIN 2

(1  =EFFECTING     O= NOTEFFECTING)

181,68
384.06

12.93
61.42

#1#2

00
00

#1#2

00
00

ENTEPl: TAB for next field,     CTPL-Tfor previous field,      NEW-LINE to exit

#1#2

14
58



01

MAIN  MENU

1.  Enter new data
2.  Edit current data
3.  Head data from a file
4. Write data to a file
5.  QUIT

ENTER OPTION  NUMBEF]: 4

Enter the FILENAME containing the STFtEAM  AQUIFER_COEFFICIENTS = BETA_VALUES
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]].E, READ r[TT`LE oF THE PROBLEM
TEST OF WATER  PLAN  MOD VERSION 3.0
II-F) READ NO. O-F BAsiNS, NO. PF PROJ., NO. OF PERIDS, INTEREST RATES

2            5            4            5.0        .07        .08
II-G) READ NO. OF PROJECTS 0F KIND J:

103801
201001

II-H) READ NO. OF un`ITREATED WATER IMpORT pRO]ECTs TO EACH BASIN
110
120
210
220

n-I) READ NO. OF TREATED WATER "pORT pROIECTs To EACH BASIN
110
121
210
220

II-J) READ PARAMETERS OF WATER PRODUCTION PROJECTS IN EACH BASIN
1              2             1              1              30         20.0                              0.                     65.0
1             2            2            0            30         50.3         311000000.                    80.0
1

1

1

1

1

1

1

1

1

1511
2211
2510

30         14.0           95000000.                   90.0
30           7.5                             0.                    50.0
30           7.5                             0.                    50.0
30           7.5                             0.                    50.0
30           7.5                             0.                    50.0
30           5.0             6000000.                   60.0
30           5.0             6000000.                   60.0
30           5.0             6000000.                   60.0
30           5.0             6000000.                   60. 0
30       112.0                               0.                   100.0
30         60.0                               0.                   115.0
30        60.0           55000000.                 210.0

II-L) READ TREATED WATER IrmoRT pRo]ECT PARAMETERS IN EACH BASIN
1             2             1             0             30         60.1            62200000.                  118.

II-M) READ DEMANDS FOR TREATED & UNTREATED WATERS IN EACH BASIN
1                1            53.5
1              2          61.0
1              3          70.2
1              4          79.8
21.0
22.0
23.0
24.0

.01         .0            .0          100.               .0
01         .0           .0         100

0         100.
100

.0            .0                  .0

.0           .0                 .0 .0
n-N) READ SURFACE WATER REQulREMENTs pARAMETERs FOR EACH BAslN

12
1               1               181.683           312.931                 0            0
1             2            384.056          661.423               0           0
20
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11-0) READ S TREAM-AQUIFER INTERACTION COEFFICIENTS
.2:2;J 8       .4J 2:J
.3901        .6644
.5218        .7865
.7075       .9059
.4792       .7129
.6765       .8599
.7133        .8902
.7723       .9258

END OF INPUT DATA

Ap|)endix    F.I

6572       .7824
8149       .8963
8991        .9498
9639       .9841
8281        .8929
9269       .9588
9496       .9747
9697       .9859
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AndD(F-ll

Input Scaled MPS Matix (PLAN_MOD_SCLAED_MATRIX)

to Prngran PRCX=_LINDO

fortheExanpeproENen
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NARE
ROWS

N ENCOST
G RSA102
G IRSA103
G RSA202
G IRSA203
G IRSA302
G IRSA303
G RSA402
G IRSA403
G IVIA 1 05
G IVIA 106
G IVIA 1 07
GIVIA108
G rwFA2o5
G IVIA206
G IVITA207
G IVIA208
G IWFA305
G IVIA306
G IVIA307
G IVIA308
G IVIA405
G IVIA406
G IVIA407
G IVIA408
G ITIAB 1 0 1
G ITIA8201
G ITIA8301
G ITIA8401
L LRSA02
L LRSA03
L LVIA05
L LVVFA06
L LVITA07
L LVIAO8
L LTIAB01
GDTWAI
G DTWA2
G DTWA3
G DTWA4
GDTOAI
G DTOA2
G DTOA3
G DTOA4
L SFLAll
L SFLA12
L SFLA21
L SFLA22
L SFLA31
L SFLA32
L SFLA41
L SFLA42
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G ITPB 1 0 1
G ITP8201
G ITP8301
G ITP8401
L LTPB01
G DTve 1
G DTVV82
G DTVV83
G DTve4
G DTOB 1
G DT082
G DT083
G DT084

COLUENS
BEGIN
DRSA102
DRSA102
DRSA102
DRSA102
DRSA102
DRSA102
DRSA103
DRSA103
DRSA103
DRSA103
DRSA103
DRSA103
DRSA202
DRSA202
DRSA202
DRSA202
DRSA202
DRSA203
DRSA203
DRSA203
DRSA203
DRSA203
DRSA302
DRSA302
DRSA302
DRSA302
DRSA303
DRSA303
DRSA303
DRSA303
DRSA402
DRSA402
DRSA402
DRSA403
DRSA403
DRSA403
DVIA105
DVVFA105
DVVIFA105

Appendix   F.II

'MARKER'
MINCOST
IRSA102
IRSA202
IRSA302
IRSA402
LRSA02
ENCOST
IRSA103
RSA203
IRSA303
IRSA403
LRSA03
ENCOST
IRSA202
IRSA302
IRSA402
LRSA02
ENCOST
IRSA203
IRSA303
IRSA403
LRSA03
MINCOST
IRSA302
IRSA402
LRSA02
MINCOST
IRSA303
IRSA403
LRSA03
MINCOST
IRSA402
LRSA02
NINCOST
IRSA403
LRSA03
NINCOST
IWFA105
IWFA205

.00000
292.66381

9.17975
9.17975
9.17975
9.17975
1.00000

89.39886
2.55500
2.55500
2.55500
2.55500
1.00000

179.39435
9.17975
9.17975
9.17975
1.00000

54.79890
2.55500
2.55500
2.55500
1.00000

98.63472
9.17975
9.17975
1.00000

30.12957
2.55500
2.55500
1.00000

41.05419
9.17975
1.00000

12.54066
2.55500
1.00000
5.64624

.91250

.91250
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DVVFA105
DVITA105
DWFA105
DVITA106
DVVFA106
DVVFA106
DVIA106
DVVFA106
DVVFA106
DVIA107
DVIA107
DVVFA107
DVIA107
DVIA107
DVFTA107
DVIA108
DVITA108
DWFA108
DVITA108
DVVFA108
DVVFAIO8
DVVIFA205
DVFTA205
DVIA205
DVIA205
DVVFA205
DVVFA206
DVIA206
DVVI]A206
DVVFA206
DVVFA206
T}NI A;2f jn
TJNI A;20n
T}NIA:2ffri
T]NIA;2ffn
T]NIA;2ffri
DVIA208
DWFA208
DVITA208
DVVFA208
DVVI]A208
DVITA305
DVITA305
DVIA305
DVIA305
DVIA306
DVVFA306
DVIA306
DVVFA306
DVIA307
DWFA307
DVVFA307
DVVFA307
DVFTA308
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rvIA305
IVVFA405
LVIA05
ENCOST
IVIA106
IvmA206
IVITA306
IVITA406
LVVFA06
ENCOST
rVIA107
TWFA:2fjn
rVIA307
IVIA407
T}NFAiNri
ENCOST
rVIA108
IVITA208
IVIA308
rVIA408
LVVFAO8
ENCOST
IVVIA205
IVIA305
rVIA405
LVIA05
ENCOST
rVIA206
IVVFA306
IVITA406
LVIA06
ENCOST
TrmA;2ffri
IVVFA307
IVIA407
urmAiffn
ENCOST
IWFA208
IWFA308
IWFA408
LVIAO8
ENCOST
IVITA305
IWFA405
LVIA05
ENCOST
rvvFA306
IVFA406
LVIA06
ENCOST
IWFA307
IWFA407
TJrmAIJrl
MINCOST

.91250

.91250
1.00000
5.64624

.91250

.91250

.91250

.91250
1.00000
5.64624

.91250

.91250

.91250

.91250
1.00000
5.64624

.91250

.91250

.91250

.91250
1.00000
3.46098

.91250

.91250

.91250
1.00000
3.46098

.91250

.91250

.91250
1.00000
3.46098

.91250

.91250

.91250
1.00000
3.46098

.91250

.91250

.91250
1.00000
1.90292
.91250
.91250

1.00000
1.90292
.91250
.91250

1.00000
1.90292
.91250
.91250

1.00000
1.90292
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DVVI]A308
DVIA308
DWFA308
DVITA405
DVVFA405
DVITA405
DVITA406
DVITA406
DVVI]A406
DVVFA407
DVVFA407
DVVFA407
DVITA408
DVIA408
DVIA408
DTIAB101
DTIAB101
DTneioi
DTLABIOI
DTIAB101
DTneioi
DTTA8201
DTIA8201
DTIA8201
DTIA8201
DTIA8201
DTLA8301
DTTA8301
DTLA8301
DTIA8301
DTTA8401
DTIA8401
DTLA8401
DTPB101
DTPB101
DTPB101
DTPB101
DTPB101
DTPB101
DTP8201
DTP8201
DTP8201
DTP8201
DTP8201
DTP8301
DTP8301
DTP8301
DTP8301
DTP8401
DTP8401
DTP8401
FINIS
QRSAlol
QRSA101
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rvvFA3o8
IWFA408
LVIAO8
ENCOST
IWFA405
LVITA05
MINCOST
IVIA406
LVIA06
ENCOST
IVVFA407
UJNIAlfJrl
MINCOST
IVIA408
LVIAO8
ENCOST
rTIABioi
ITIA8201
rRA83oi
ITIA8401
LTTAB01
MINCOST
ITIA8201
ITIA8301
ITIA8401
LTIAB01
ENCOST
ITh8301
ITIA8401
LTTAB01
ENCOST
ITIA8401
LTTAB01
ENCOST
ITPB101
ITP8201
ITP8301
ITP8401
LTPB01
ENCOST
ITP8201
ITP8301
ITP8401
LTPB01
MINCOST
ITP8301
ITP8401
LTPB01
MINCOST
ITP8401
LTPB01`MARKER'
MINCOST
DTOA1

.91250

.91250
1.00000
.79204
.91250

1.00000
.79204
.91250

1.00000
.79204
.91250

1.00000
.79204
.91250

1.00000
152.63678
10.95000
10.95000
10.95000
10.95000

1.00000
93.56190
10.95000
10.95000
10.95000

1.00000
51.44226
10.95000
10.95000
1.00000

21.41154
10.95000
1.00000

51.75723
10.95000
10.95000
10.95000
10.95000

1.00000
31.72568
10.95000
10.95000
10.95000
1.00000

17.44344
10.95000
10.95000

1.00000
7.26038

10.95000
1.00000
.00000
.46344

1.00000
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QRSA102
QRSA102
QRSA102
QRSA103
QRSA103
QRSA103
QRSA201
QRSA201
QRSA202
QRSA202
QRSA202
QRSA203
QRSA203
QRSA203
QRSA301
QRSA301
QRSA302
QRSA302
QRSA302
QRSA303
QRSA303
QRSA303
QRSA401
QRSA401
QRSA402
QRSA402
QRSA402
QRSA403
QRSA403
QRSA403
QWFA101
QWFA101
QWFA101
QWFA101
QWFA101
QWFA101
QWFA101
QWFA102
QWFA102
QWFA102
QWFA102
QWFA102
QWFA102
QWFA102
QWFA103
QWFA103
QWFA103
QWFA103
QWFA103
QWFA103
QWFA103
QWFA104
QWFA104
QWFA104
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ENCOST
IRSA102
DTOAI
ENCOST
IRSA103
DTOAI
ENCOST
DTOA2
ENCOST
IRSA202
DTOAI
ENCOST
IRSA203
DTOA2
ENCOST
DTOA3
ENCOST
IRSA302
DTOA3
ENCOST
IRSA303
DTOA3
ENCOST
DTOA4
ENCOST
IRSA402
DTOA4
ENCOST
IRSA403
DTOA4
ENCOST
DrvAI
DTOAI
S FLA 1 1
SFLA21
SELA31
SELA41
ENCOST
DTWAI
DTOAI
S FLA 1 1
SFLA21
SFLA31
SFLA41
MINCOST
DTWAI
DTOAI
SFLAll
SFLA21
SFLA31
SELA41
MINCOST
DIVAI
DTOA1

.57039
-1.00000
1.00000
.64169

-1.00000
1.00000
.33043

1.00000
.40668

-1.00000
1.00000
.45752

-1.00000
1.00000
.23559

1.00000
.28996

-1.00000
1.00000
.32620

-1.00000
1.00000
.16797

1.00000
.20674

-1.00000
1.00000
.23258

-1.00000
1.00000
.35649

1.00000
1.00000
.22780
.47270
.65720
.78240
.35649

1.00000
1.00000
.39010
.66440
.81490
.89630
.35649

1.00000
1.00000
.52180
.78650
.89910
.94980
.35649

1.00000
1.00000
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S FLA 1 1
SFLA21
SFLA31
SFLA41
ENCOST
IVITA105
DIVAI
DTOAI
SFLA12
SFLA22
SFLA32
SFLA42
MINCOST
IVIA106
DrvAI
DTOAI
SFLA12
SFLA22
SFLA32
SFLA42
ENCOST
RTA107
DIVAI
DTOAI
SFLA12
SFLA22
SFLA32
SFLA42
MINCOST
IWFA108
DTWAI
DTOAI
SFLA12
SFLA22
SFLA32
SFLA42
MINCOST
DTWA2
DroA2
SELA21
SFLA31
SFLA41
ENCOST
DTWAI
DTOA2
SFLA21
SFLA31
SFLA41
ENCOST
DTWA2
DTOA2
SFLA21
SFLA31
SFLA41

.70750

.90590

.96390

.98410

.42779
-1.00000
1.00000
1.00000
.47920
.71290
.82810
.89290
.42779

-1.00000
1.OcOOO
1.00000
.67650
.85990
.92690
.95880
.42779

-1.00000
1.00000
1.00000
.71330
.89020
.94960
.97470
.42779

-1.00000
1.00000
1.00000
.77230
.92580
.96970
.98590
.25418

1.00000
1.00000
.22780
.47270
.65720
.25418

1.00000
1.00000
.39010
.66440
.81490
.25418

1.00000
1.00000
.52180
.78650
.89910
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ENCOST
DrvA2
DTOA2
SFLA21
SFLA31
SFLA41
ENCOST
rVIA205
DIVA2
DTOA2
SFLA22
SFLA32
SFLA42
ENCOST
IVVI=A206
DTWAI
DTOA2
SFLA22
SFLA32
SFLA42
ENCOST
TrmA:2ffn
DTWA2
DTOA2
SFLA22
SFLA32
SFLA42
ENCOST
rVIA208
DTWA2
DTOA2
SFLA22
SFLA32
SFLA42
MINCOST
DTWA3
DroA3
SFLA31
SFLA41
MINCOST
DTWA3
DTOAI
SFLA3l
SFLA41
ENCOST
DTWA3
DroA3
SFLA31
SFLA41
ENCOST
DTWA3
DTOA3
SFLA31
SFLA41

.25418
1.00000
1.00000
.70750
.90590
.96390
.30501

-1.00000
1.00000
1.00000
.47920
.71290
.82810
.30501

-1.00000
1.00000
1.00000
.67650
.85990
.92690
.30501

-1.00000
1.00000
1.00000
.71330
.89020
.94960
.30501

-1.00000
1.00000
1.00000
.77230
.92580
.96970
. 18 122

1.00000
1.00000
.22780
.47270
. 1 8 122

1.00000
1.00000
.39010
.66440
. 1 8 122

1.00000
1.00000
.52180
.78650
. 18 122

1.00000
1.00000
.70750
.90590
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MINCOST
IVVFA305
DTWA3
DTOA3
SFLA32
SFLA42
MINCOST
IVVFA306
DrvA3
DTOA3
SFLA32
SFLA42
MINCOST
IWFA307
DrvA3
DTOA3
SFLA32
SFLA42
ENCOST
IWFA308
DTWA3
DTOA3
SFLA32
SFLA42
ENCOST
DTWA4
DTOA4
SFLA41
MINCOST
DIVA4
DTOA4
SFLA41
NINCOST
DIVA4
DTOA4
SFLA41
MINCOST
DTWA4
DTOA4
SFLA41
MINCOST
rwFA4o5
DTWA4
DTOA4
SFLA42
MINCOST
IWFA406
DTWA4
DTOA4
SFLA42
ENCOST
IVFA407
DTWA4
DTOA4

.21747
-1.00000
1.00000
1.00000
.47920
.71290
.21747

-1.00000
1.00000
1.00000
.67650
.85990
.21747

-1.00000
1.00000
1.00000
.71330
.89020
.21747

-1.00000
1.00000
1.00000
.77230
.92580
.12921

1.00000
1.00000
.22780
.12921

1.00000
1.00000
.39010
. 12921

1.00000
1.00000
.52180
.12921

1.00000
1.00000
.70750
.15505

-1.00000
1.00000
1.00000
.47920
.15505

-1.00000
1.00000
1.00000
.67650
.15505

-1.00000
1.00000
1.00000
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crNIAy4ffri
QWFA408
QWFA408
QWFA408
QWFA408
QWFA408
QTPA101
QTPA101
QTPA201
QTPA201
QTPA301
QTPA301
QTPA401
QTPA401
QTneioi
QTIAB101
QTIAB101
QTIAB101
QTIA8201
QTIA8201
QTIA8201
QTIA8201
QTIA8301
QTTA8301
QTIA8301
QTIA8301
QTIA8401
QTIA8401
QTIA8401
QTIA8401
QRSB101
QRSB101
QRS8201
QRS8201
QRS8301
QRS8301
QRS8401
QRS8401
QTPBlol
QTPB101
QTPBlol
QTP8201
QTP8201
QTP8201
QTP8301
QTP8301
QTP8301
QTP8401
QTP8401
QTP8401

RHS
RHS01
RHS01
RHS01
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SELA42
MINCOST
IVIA408
DTWA4
DTOA4
SFLA42
MINCOST
DTWAI
ENCOST
DIVA2
ENCOST
DTWA3
ENCOST
DTWA4
ENCOST
ImB101
DrvAI
DTOAI
ENCOST
|rrIA8201
DrvAI
DTOA2
ENCOST
ITIA8301
DTWA3
DroA3
MINCOST
ITIA8401
DTWA4
DTOA4
ENCOST
DTOBI
ENCOST
DT082
ENCOST
DT083
ENCOST
DT084
ENCOST
ITPB101
DTve1
MINCOST
ITP8201
DTve2
MINCOST
ITP8301
DTve3
ENCOST
ITP8401
DTve4
.00000
LRSA02
LRSA03
LVIA05

.71330

.15505
-1.00000

1.OcOOO
1.00000
.77230
.71299

I.00000
.50835

1.00000
.36245

1.00000
.25842

1.00000
.84133

-1.00000
1.00000
1.00000
.59985

-1.00000
1.00000
1.00000
.42769

-1.00000
1.00000
1.00000
.30494

-1.00000
1.00000
1.00000
.81994

1.00000
.58460

1.00000
.41682

1.00000
.29718

1.00000
1.49727

-1.00000
1.00000
1.06754

-1.00000
1.00000
.76114

-1.00000
1.00000
.54268

-1.00000
1.00000

1.00000
1.00000
1.00000
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DTve1
DTOB1

DTvve2
DT082

DTve3
DT083

DTve4
DT084

-1.0000
-1.0000

-1.0000
-1.0000

-1.0000
-1.0000

-1.0000
-1.0000



RHSOI
RHS01
RHS0l
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01

-   RHS01

RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHS01
RHSOI
RHS01
RHS01

BOUNDS
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
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LVVI=A06
I:NIAiffn
LVIAO8
LTTAB01
DTWAI
DTWA2
DTWA3
DTWA4
DTOAI
DTOA2
DTOA3
DTOA4
SFLAll
SFLA21
SFLA31
SELA41
SFLA12
SFLA22
SFLA32
SFLA42
LTPB01
DTvelD-2
Drlve3
DTve4
DTOBI
DT082
DT083
DT084
.00000
QRSA101
QRSA102
QRSA103
QRSA201
QRSA202
QRSA203
QRSA301
QRSA302
QRSA303
QRSA401
QRSA402
QRSA403
QWFA101
QWFA102
QWFA103
QWFA104
QWFA105
QWFA106
crNIA:yffri
QWFA108
QWFA201
quNIA:2fJR,
QWFA203
QWFA204

1.00000
1.00000
1.00000
1.00000
9.86237

11.24495
12.94091
14.71061
9.86237

11.24495
12.94091
14.71061
30J9J2.S
30.79725
30.79725
30.79725
58.88049
58.88049
58.88049
58.88049

1.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

3.65000
9.17975
2.55500
3.65000
9.17975
2.55500
3.65000
9.17975
2.55500
3.65000
9.17975
2.55500
1.36875
1.36875
1.36875
1.36875
.91250
.91250
.91250
.91250

1.36875
1.36875
1.36875
1.36875
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UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01

BND01
1

1

1

I
1

1

1

UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND0l
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crNIA:2fj5
QVIA206
crNIA;2!m
QWFA208
QWFA301
QWFA302
QWFA303
QWF
QWFA305
QWFA306
crNIAIiffri
QWFA308
QWFA401
QWFA402
QWFA403
QWFA404
QWFA405
QWF
crNIA,4fln
QWFA408
QTPA101
QTPA201
QTPA301
QTPA401
QRSB101
QRS8201
QRS8301
QRS8401
QTPB101
QTP8201
QTP8301
QTP8401
QTIAB101
QTIA8201
QTIA8301
QTne4oi
DRSA102
DRSA103
DRSA202
DRSA203
DRSA302
DRSA303
DRSA402
DRSA403
DVFTA105
DVIA106
DVIA107
DVITA108
DVITA205
DVVFA206
T}NIA;2ffri

.91250

.91250

.91250

.91250
1.36875
1.36875
1.36875
1.36875
.91250
.91250
.91250
.91250

1.36875
1.36875
1.36875
1.36875
.91250
.91250
.91250
.91250

20.44000
20.44000
20.44000
20.44000
10.95000
10.95000
10.95000
10.95000
10.95000
10.95000
10.95000
10.95000
10.95000
10.95000
10.95000
10.95000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1 .00000
1 .00000
1.00000
1.00000
1.00000
1.00000
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UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01
UP BND01

ENDATA
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DVIA307
DVVFA308
DVITA405
DVVFA406
DVVFA407
DVVFA408
DTIAB101
DTIA8201
DTTA8301
DTLA8401
DTPB101
DTP8201
DTP8301
DTP8401

1.00000
1.00000
1 .00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
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1. DEscRlp'ITON OF TIH vARIABLEs IN TrlE EXAMPLE PROBLEM

A-INTEGER VARIABLES:

DRsatn= 0-1 decision variable to build reservior n in basin a at time t.

DWFatn= 0-1 decision variable to develop well field n in basin a at time t.

DTlabtn=0-1 decision variable to build pipeline n to import treated water from basin b to
basin a at ire t.

DTpatn= 0-1 decision variable to build treatment plant n in basin a at time t.

a-CONTINEOUS VARIABLES :

QRsatn= decision variable to divert water from reservoir n in basin a during time period t.

QWFatn= decision variable to pump water from well field n in basin a during time period t.

QTlabtn=decision variable to import treated water from basin b to basin a during time

QTpatn= decision variable to treat water in the n-th treatment plant in basin a during time

2. OBJECIIVE FUNOuON OF TIH EXAMPLE PROBLEM

MIN     292.66382 DRSA102 + 89.39886 DRSA103
+ 179.39435 DRSA202 + 54.7989 DRSA203 + 98.63472 DRSA302
+ 30.12956 DRSA303 + 41.05418 DRSA402 + 12.54066 DRSA403
+ 5.64624 DWFA105 + 5.64624 DWFA106 + 5.64624 DWFA107
+ 5.64624 DWFA108 + 3.46098 DWFA205 + 3.46098 DWFA206
+ 3.46098 DIVFA207 + 3.46098 DIVFA208 + 1.90292 DWFA305
+ 1.9o292 DWFA3o6 + 1.9o292 DWFA3o7 + 1.9o292 DwrFA3o8
+ 0.79204 DWFA405 + 0.79204 DWFA406 + 0.79204 DWFA407
+ 0.79204 DWFA408 + 152.63678 DTIAB101 + 93.5619 DTIA8201
+ 51.44226 DTIA8301 + 21.41154 DTIA8401  + 51.75723 DTPB101
+ 31.72568 DTP8201 + 17.44344 DTP8301 + 7.26038 DTP8401
+ 0.46344 QRSA101  + 0.57039 QRSA102 + 0.64169 QRSA103
+ 0.33043 QRSA201 + 0.40668 QRSA202 + 0.45752 QRSA203
+ 0.23559 QRSA301 + 0.28996 QRSA302 + 0.3262 QRSA303
+ 0.16797 QRSA401 + 0.20674 QRSA402 + 0.23258 QRSA403
+ 0.35649 QWFA101 +
+ 0.35649 QWFA104 +
+ 0.42779 QWFA107 +
+ 0.25418 QWFA202 +
+ 0.30501 QWFA205 +
+ 0.30501 QWFA208 +
+ 0.18122 QWFA303 +

0.35649 QWFA102
0.42779 QWFA105
0.42779 QWFA108
0.25418 QWFA203
0.30501 QWFA206
0.18122QWFA301
0.18122 QWFA304

+ 0.35649 QWFA103
+ 0.42779 QWFA106
+ 0.25418 QWFA201
+ 0.25418 QWFA204
+ 0.30501 QWFA207
+ 0.18122 QWFA302
+ 0.21747 QWFA305

+ 0.21747 QWFA306 + 0.21747 QWFA307 + 0.21747 QWFA308
+ 0.12921 QWFA401  + 0.12921 QWFA402 + 0.12921 QWFA403
+ 0.12921 QWFA404 + 0.15505 QWFA405 + 0.15505 QWFA406
+ 0.15505 QWFA407 + 0.15505 QWFA408 + 0.71299 QTPA101
+ 0.50835 QTPA201  + 0.36245 QTPA301 + 0.25842 QTPA401
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+ 0.84133 QTIAB101 + 0.59985 QTIA8201 + 0.42769 QTIA8301
+ 0.30494 QTIA8401  + 0.81994 QRSB101 + 0.5846 QRS8201
+ 0.41682 QRS8301  + 0.29718 QRS8401 +  1.49727 QTPB101
+ 1.06754 QTP820l + 0.76114 QTP8301 + 0.54268 QTP8401

3. coNSTRAn`ITs OF TIIE EXAMPLE PROBLEM

SUBJECT TO
IRSA102)
RSA103)
RSA202)
RSA203)
IRSA302)

>=0
RSA303)
RSA402)

9.17975 DRSA102 -QRSA102 >=           0
2.555 DRSA103 -QRSA103 >=                0
9.17975 DRSA102 + 9.17975 DRSA202 -QRSA202 >=
2.555DRSA103 +2.555DRSA203-QRSA203 >=       0
9.17975 DRSA102 + 9.17975 DRSA202 + 9.17975 DRSA302 -QRSA302

2.555 DRSA103 + 2.555 DRSA203 +2.555 DRSA303 -QRSA303 >=      0
9.17975 DRSA102 + 9.17975 DRSA202 + 9.17975 DRSA302 + 9.17975

DRSA402-QRSA402>=      0
RSA403)         2.555 DRSA103 + 2.555 DRSA203 + 2.555 DRSA303 + 2.555 DRSA403 -

QRSA403 >=  o
IWFA105)
IWFA106)
IWFA107)
IWFA108)
IWFA205)
rwFA2o6)
TrmA:2fjrJ)
IWFA208)
IWFA305)

>=0
IWFA306)

>=0
rwFA3o7)

>=0
IWFA308)

>=0
IWFA405)

0.9125 DWFA105 -QWFA105 >=
0.9125 DWFA106 -QWFA106 >=
0.9125 DWFA107 -QWFA107 >=          0
0.9125 DWFA108 -QWFA108 >=          0
0.9125 DWFA105 + 0.9125 DWFA205 -QWFA205 >=
0.9125 DWFA106 + 0.9125 DWFA206 -QWFA206 >=
0.9125 DWFA107 + 0.9125 DWFA207 -QWFA207 >=             0
0.9125 DWFA108 + 0.9125 DWFA208 -QWFA208 >=             0
0.9125 DWFA105 + 0.9125 DWFA205 + 0.9125 DWFA305 -QWFA305

0.9125 DWFA106 + 0.9125 DWFA206 + 0.9125 DWFA306 -QWFA306

0.9125 DWFA107 + 0.9125 DWFA207 + 0.9125 DWFA307 -QWFA307

0.9125 DWFA108 + 0.9125 DWFA208 + 0.9125 DWFA308 -QWFA308

o.9125 DWFA]o5 + o.9]25 D\VFA2o5 + o.9125 DwrFA3o5 + o.9125
DWFA405 -QWFA405 >=    0

IWFA406)        0.9125 DWFA106 + 0.9125 DWFA206 + 0.9125 DWFA306 + 0.9125
DWFA406-QWFA406>=    0

IWFA407)        0.9125 DWFA107 + 0.9125 DWFA207 + 0.9125 DWFA307 + 0.9125
DWFA407 -QWFA407 >=    0

IWFA408)        0.9125 DWFA108 + 0.9125 DWFA208 + 0.9125 DWFA308 + 0.9125
DWFA408 -QWFA408 >=    0

[r[TAB]0[,    10.95 DTIAB[0]. QTTAB]0] >=          0
I'IIA8201)    10.95 DTIAB101 + 10.95 DTIA8201 -QTIA8201 >=              0
ITIA8301)    10.95 DTIAB101 + 10.95 DTIA8201 + 10.95 DTIA8301 -QTIA8301 >=    0
ITIA8401)    10.95 DTIAB101 + 10.95 DTIA8201 + 10.95 DTIA8301 + 10.95 DTIA8401

-QTIA8401>=      o
LRSA02)  DRSA102 + DRSA202 + DRSA302 + DRSA402 <=
LRSA03)  DRSA103 + DRSA203 + DRSA303 + DRSA403 <=
LWFA05)         DWFA105 + DWFA205 + DWFA305 + DWFA405 <=
LWFA06)         DWFA106 + DWFA206 + DWFA306 + DWFA406 <=
LWFA07)         DWFA107 + DWFA207 + DWFA307 + DWFA407 <=
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LWFAO8)         DWFA108 + DWFA208 + DWFA308 + DWFA408 <=               1
LHAB01)        DTIAB 101 + DTIA8201 + DTIA8301 + DTIA8401 <=             1
DTWA1)   QWFA101 + QWFA102 + QWFA103 + QWFA104 + QWFA105 + QWFA106 +

QWFA107+QWFA108+QTPA101 +QTIAB101   >=        9.86237
DTWA2)   QWFA201 + QWFA202 + QWFA203 + QWFA204 + QWFA205 + QWFA206 +

QWFA207 + QWFA208 + QTPA201 + QTIA8201 >=          11.24495
DTWA3)   QWFA301 + QWFA302 + QWFA303 + QWFA304 + QWFA305 + QWFA306 +

QWFA307 + QWFA308 + QTPA301 + QTIA8301 >=           12.94091
DTWA4)   QWFA401 + QWFA402 + QWFA403 + QWFA404 + QWFA405 + QWFA406 +

QWFA407 + QWFA408 + QTPA401 + QTIA840l   >=        14.71061
DTOA1)    QRSA101 + QRSA102 + QRSA103 + QWFA101 + QWFA102 + QWFA103 +

QWFA104 + QWFA105 + QWFA106 + QWFA107 + QWFA108 + QTIAB 101
>=   9.86237

DTOA2)    QRSA201 + QRSA202 + QRSA203 + QWFA201 + QWFA202 + QWFA203 +
QWFA204 + QWFA205 + QWFA206 + QWFA207 + QWFA208+ QTIA8201
>=   11.24495

DTOA3)    QRSA301 + QRSA302 + QRSA303 + QWFA301 + QWFA302 + QWFA303 +
QWFA304 + QWFA305 + QWFA306 + QWFA307 + QWFA308 + QTIA8301
>=   12.94091

DTOA4)    QRSA401 + QRSA402 + QRSA403 + QWFA401 + QWFA402 + QWFA403 +
QWFA404 + QWFA405 + QWFA406 + QWFA407 + QWFA408 + QTTA8401
>=   14.71061

SFLAll)  0.2278 QWFA101 + 0.3901 QWFA102 + 0.5218 QWFA103+ 0.7075 QWFA104
<  30.J9J2,6

SFLA12)  0.4792 QWFA105 + 0.6765 QWFA106 + 0.7133 QWFA107 + 0.7723 QWFA108
<=   58.88049

SFLA21)  0.4727 QWFA101 + 0.6644 QWFA102 + 0.7865 QWFA103 + 0.9059 QWFA104
+ 0.2278 QWFA201 + 0.3901 QWFA202 + 0.5218 QWFA203 + 0.7075 QWFA204
<=   30.79726

SFLA22)  0.7129 QWFA105 + 0.8599 QWFA106 + 0.8902 QWFA107 + 0.9258 QWFA108
+ 0.4792 QWFA205 + 0.6765 QWFA206 + 0.7133 QWFA207 + 0.7723 QWFA208
<=   58.88049

SFLA31)  0.6572 QWFA101 + 0.8149 QWFA102 + 0.8991 QWFA103 + 0.9639 QWFA104
+ 0.4727 QWFA201 + 0.6644 QWFA202 + 0.7865 QWFA203 + 0.9059 QWFA204 +
0.2278 QWFA301 + 0.3901 QWFA302 + 0.5218 QWFA303 + 0.7075 QWFA304
<=   30.79726

SFLA32)  0.8281 QWFA105 + 0.9269 QWFA106 + 0.9496 QWFA107
+ 0.9697 QWFA108 + 0.7129 QWFA205 + 0.8599 QWFA206
+ 0.8902 QWFA207 + 0.9258 QWFA208 + 0.4792 QWFA305
+ 0.6765 QWFA306 + 0.7133 QWFA307 + 0.7723 QWFA308
<=    58.88049

SFLA41)   0.7824 QWFA101 + 0.8963 QWFA102 + 0.9498 QWFA103
+ 0.9841 QWFA104 + 0.6572 QWFA201 + 0.8149 QWFA202
+ 0.8991 QWFA203 + 0.9639 QWFA204 + 0.4727 QWFA301
+ 0.6644 QWFA302 + 0.7865 QWFA303 + 0.9059 QWFA304
+ 0.2278 QWFA401 + 0.3901 QWFA402 + 0.5218 QWFA403
+ 0.7075 QWFA404 <=   30.79726

SFLA42)   0.8929 QWFA105 + 0.9588 QWFA106 + 0.9747 QWFA107
+ 0.9859 QWFA108 + 0.8281 QWFA205 + 0.9269 QWFA206
+ 0.9496 QWFA207 + 0.9697 QWFA208 + 0.7129 QWFA305
+ 0.8599 QWFA306 + 0.8902 QWFA307 + 0.9258 QWFA308
+ 0.4792 QWFA405 + 0.6765 QWFA406 + 0.7133 QWFA407
+ 0.7723 QWFA408 <=    58.88049
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ITPB101)    10.95DTPB101 -QTPB101 >=   0
ITP8201)    10.95 DTPB101 + 10.95 DTP8201 -QTP8201 >=   0
ITP8301)    10.95 DTPB101 + 10.95 DTP8201 + 10.95 DTP8301 -QTP8301 >=   0
ITP8401)    10.95 DTPB101 + 10.95 DTP8201 + 10.95 DTP8301 + 10.95 DTP8401 -

QTP8401 >=   0
LTPB01)   DTPB101 + DTP8201 + DTP8301 +DTP8401 <=    1
DTWB1) -QTIAB101 + QTPB101 >=    0
DTW82) -QTIA8201 + QTP8201 >=
DTW83) -QTIA8301 + QTP8301 >=
DTW84) -QTIA8401 + QTP8401 >=
DTOB1) -QTIAB101 + QRSB101 >=
DT082) -QTIA8201 + QRS8201 >=
DT083) -QTIA8301 + QRS8301 >=
DT084) -QTIA8401 + QRS8401 >=

END
INTEGER-VARIA B LES =      3 2

4. BOUNDS ON VARIABLES

SUB        QRSA101
SUB       QRSA102
SUB       QRSA103
SUB       QRSA201
SUB       QRSA202
SUB       QRSA203
SUB       QRSA301
SUB       QRSA302
SUB       QRSA303
SUB       QRSA401
SUB       QRSA402
SUB       QRSA403
SUB       QWFA101
SUB       QWFA102
SUB       QWFA103
SUB       QWFA104
SUB       QWFA105
SUB       QWFA106
SUB       QWFA107
SUB       QWFA108
SUB       QWFA201
SUB       QWFA202
SUB       QWFA203
SUB       QWFA204
SUB       QWFA205
SUB       QWFA206
SUB       QWFA207
SUB       QWFA208
SUB       QWFA301
SUB       QWFA302
SUB       QWFA303
SUB       QWFA304
SUB       QWFA305
SUB       QWFA306
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3.65
9.18
2.56
3.65
9.18
2.56
3.65
9.18
2.56
3.65
9.18
2.56
1.37
1.37
1.37
1.37
.91

1.37
.91
.91
.91

.91
1.37
1.37
1.37
1.37
.91
.91
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SUB       QWFA307
SUB       QWFA308
SUB       QWFA401
SUB       QWFA402
SUB       QWFA403
SUB       QWFA404
SUB       QWFA405
SUB       QWFA406
SUB       QWFA407
SUB       QWFA408
SUB       QTPA101
SUB       QTPA201
SUB       QTPA301
SUB       QTPA401
SUB        QTTAB101
SUB       QTTA8201
SUB      QTne3oi
SUB      QTh8401
SUB        QRSB101
SUB       QRS8201
SUB       QRS8301
SUB       QRS8401
SUB       QTPB101
SUB       QTP8201
SUB       QTP8301
SUB       QTP8401

5. OPTIMUM SOLUTION FOUND BY PROG  LINDO

OBJECTIVE FUNCTION VALUE

1)                       62.9831085

A. COLUMN SEC'ITON:

VARIABLE      VALUE    REDUCED COST
DRSA102
DRSA103
DRSA202
DRSA203
DRSA302
DRSA303
DRSA402
DRSA403
DVITA105
DVVFA106
DWFA107
DVIA108
DVVI]A205
DVITA206
TjNIA2flri
DVVFA208
DVVIA305
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.000000

.000000

.000000

.000000

.000000
1.000000
.000000
.000000
.000000
.000000
.000000

1.000000
1.000000
.000000

1.000000
.000000
.000000

113.269470
34.599960

.000000

.000000

.000000
30.129562
40.816986
12.540660
4.169486
3.739534
3.739534
3.739534
2.667360
2.237409
2.237409
2.237409
1.596365
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DVIA306
DVIA307
DVIA308
DVIA405
DVIA406
DVITA407
DVITA408
DTneioi
DTIA8201
DTne3Oi
DTrm4Oi
DTPB101
DTP8201
DTP8301
DTP8401
QRSA101
QRSA102
QRSA103
QRSA201
QRSA202
QRSA203
QRSA301
QRSA302
QRSA303
QRSA401
QRSA402
QRSA403
QWFA101
QWFA102
QWFA103
QWFA104
QWFA105
QWFA106
crNVIA;w!jri
QWFA108
QWFA201
quNIAulfJR.
QWFA203
QWFA204
QWFA205
QWFA206
QNIA:2flri
QWFA208
QWFA301
QWFA302
QWFA303
QWFA304
QVIA305
QWFA306
quNNIA:un
QWFA308
QWFA401
QWFA402
QWFA403
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.000000

.000000

.000000

.000000
1.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

3.474871
.000000
.000000

3.032452
.000000
.000000

3.650000
.000000

1.078412
3.650000

.000000
1.935612
1.368750
1.368750
1.368750
1.368750
.000000
.000000
.000000
.912500

1.368750
1.368750
1.368750
1.368750
.912500
.000000
.912500
.912500

1.368750
1.368750
1.368750
1.368750
.912500
.000000
.912500
.912500

1.368750
1.368750
1.368750

1.166413
1.166413
1.166413
.485486
.485486
.485486
.485486

55.405533
.00cOOO

27.173203
.000000

20.031555
.000000

17.443436
7.260380

.000000

.106950

.178250

.000000
8.873835

21.574799
-.090610

10.682735
.000000

-.064610
.000000
.000000

-.819940
-.819940
-.819940
-.819940
.000000
.000000
.000000
.000000

-.584600
-.584600
-.584600
-.584600
.000000
.000000
.000000
.000000

-.507430
-.507430
-.507430
-.507430
-.471180
.000000
.000000
.000000

-.361790
-.361790
-.361790
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QWFA404
QWFA405
QWFA406
crNIAIAvn
QWFA408
QTPA101
QTPA201
QTPA301
QTPA401
QTIAB101
QTTA8201
QTTA8301
QTIA8401
QRSB101
QRS8201
QRS8301
QRS8401
QTPB101
QTP8201
QTP8301
QTP8401

8. ROW SECHON:

ROW
IRSA102)
IRSA103)
IRSA202)
RSA203)
IRSA302)
IRSA303)
RSA402)
IRSA403)
IWFA105)
IWFA106)
rwFAi07)
IWFA108)
IWFA205)
IWFA206)
IWFA207)
rwFA2o8)
rwFA3o5)
IWFA306)
IWFA307)
IWFA308)
IWFA405)
IWFA406)
IWFA407)
rwFA4o8)
ITIAB101)
mA8201)
ITIA8301)

I
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1.368750
.912500
.912500
.912500
.912500

3.474871
3.032452
4.728412
5.585611

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

SLACK OR SURPLUS
.000000
.000000
.000000
.000000
.000000

1.476588
.000000
.619388
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

-.361790
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

10.638645
.000000

2.609192
.819940
.000000
.416820
.000000

1.497270
.000000
.761140
.000000

DUAL  PRICES
.000000
.000000

-8.797585
-21.447708
-10.718976

.000000
-.025840
.000000

-.748640
-.748640
-.748640
-.748640
-.533770
-.533770
-.533770
-.533770
.000000

-.471180
-.471180
-.471180
-.335950
-.335950
-.335950
-.335950
-.335100

-6.328114
-.260960
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ITIA8401)
LRSA02)
LRSA03)
LWFA05)
LWFA06)
UJNF;Affri)
LWFAO8)
LTIABO1)
DTWA1)
DTWA2)
DTWA3)
DTWA4)
DTOA1)
DTOA2)
DTOA3)
DTOA4)
SELAl1)
SFLA12)
SFLA21)
SFLA22)
SFLA31)
SFLA32)
SFLA41)
SFLA42)
ITPB101)
ITP8201)
ITP8301)
ITP8401)
LTPB01)
DTvel)
DTve2)
DTve3)
DTW84)
DTOB1)
DT082)
DT083)
DT084)
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.000000
1.000000
.000000
.000000
.000000
.000000
.000000

1.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

28.268906
58.175766
24.396027
56.242813
19.831116
53.895142
14.886364
50.756042

.000000

.000000

.000000

.000000
1.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

-1.955392
.000000
.000000
.000000
.000000
.000000
.000000
.000000

-.712990
-.508350
-.362450
-.258420
-.463440
-.330430
-.326200
-.232580
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

-2.897323
.000000
.000000
.000000
.000000

-3.964863
.000000

-.542680
.000000

-.584600
.000000

-.297180
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C
*****************************************************************************

C          TIHS PROGRAM CALCULATES STREAM-AQUIFER INTERACHON
COEFFICIENTS.
C
*****************************************************************************

C          ADIf-ITERATIVE

C          BETA CALCULATIONS

C          AQUIFER MODEL

C          CONFINED AQUIFER OR UNCONFINED AQUIFER WITH CONSTANT

C          TRANSMIS SIVITY IN TIME

C

C          TIIIS PROGRAM USES AN IMPLICIT ALTERNAHNG DREC'ITON SCIHME.

C

COMMON /C4/ DT
CO"ON /C8/ KT
COMMON/C10/NUMKT,NWEL,NOBSW
COMMON /C 11/ IB OUND ,IWRITE,IDISK,IS TDY,ILEAK,IMAS S
COMMON /c23/ IDlvG,Kour`IT
COMMON /C24/ LENG
COMMON /VEL/ IVEL,IVDSK,IBETA,IRAD

C
CALL INF
STRT=DT
CALL pAFun
CALL pFun
DO 30 KWEL=1,NWEL
KW=FREL
CALL INF2(KW)
WRITE(17,'(15,S)')KWEL
DO 20 KTIME=1,NUMKT
KT=KTIME
PRINT*,'Calculating BETA for WELL #',KWEL,', TIME PERIOD ',KT
IF(KT.EQ.1) DT=STRT

10        CALL ITRATh
CALL ROW
CALL COLUMN
IF(KOUNT.LE.10*LENG.AND.IDIVG.EQ.1) GO TO  10
IF(KOUNT.GT.10*LENG)WRITE(16,1000)
IF(KOUNT.GT.10*LENG) GO TO 30
IF(IDIVG.EQ.0) CALL BETA(KW)
IF(ISTDY.EQ.1 ) DT=DT* 10

2 0        CONTI NUB
WRITE(17,'(A)')'   '

30        CONTINUE
WRITE(*'*)'  '
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WRITE(*,*)'BETA values are saved in file "BETA_VALUES" '
C
1000 FORMAT(' THE SOLUTION FAILED TO COP`IVERGE')

END
C
C
*****************************************************************************

C
SUBROUTINE INF

C
COMMON /C 1/ IDIM,JDIM,ILESS 1,JLESS 1
COMMON/C2/T(100,100),ZK(100,100)
COMMON/C3/G(100,100)
COMMON/C4/DT
COMMON/C5/P(100,100)
CO"ON /C6/ PI
COMMON /C8/ KT
COMMON/C9/S(100,100)
COMMON /C10/ NUMKT,NWEL,NOBSW
COMMON /C 11/ IB OUND ,IWRITE,IDISK,ISTDY,ILEAK,IMAS S
COMMON/C13/DX,DELX(100),DELY(loo)
COMMON /C 14/ II(200) ,JJ(200) , IO(200) ,JO(200)
COMMON/C18/SCALET,SCALES,SCALEH,SCALEM
COMMON/C20/HC(100,100),IH(100,100),POR
COMMON/C21/EPS,PARM,PG(100,100)
COMMON/C22/OMEGA(loo)
COMMON /C23/ IDIVG ,KOUNT
COMMON /C24/ LENG
COMMON /C25/ BDTHK( 100,100)
COMMON/C50/RAD(100,100),THETA(100,100)
COMMON /VEL/ IVEL,IVDSK,IBETA,IRAD

C
INTEGER P,S

C
INTEGER*2 ST,DAY,YEAR
CEIARACTER* 1 KEY'
CIIARACTER*3 CHAR
CIIARACTER*64 NAMEP,DBETA,VB ETA,NAMEF,NAREO
CIIARACTER*40 FILEIN,FILEOUT
DIMENSION BD(550),ZHC(550),IICH(550),JJCH(550),IICL(550),JJCL(550)
DIMENSIONST(100,100),CHAR(2)

DATA CHAR /'NO ','YES'/

SET UP TITLE PAGE ** PAGE 1

OPEN INPUT DATAFILE AND ASSIGN UNIT #15

WRITE(*,*)' Enter the INPUT            file name : '
READ(*,'(A40)')FILEIN
OPEN(15,FILE=FILEIN,I0INTENT='INPUT',PAD='YES')

OPEN FILE FOR OUTpuT AND ASSIGN UNrr #16

Appendix   H 119



C
WRITE(*,*)' Enter the OUTPUT file name : '
READ(*,'(A40)')FILEOUT
OPEN(16,FILE=FILEOUT,IOINTENT='OUTPUT',PAD='YES')

FILE# 17 OPENED BY NADEEM
************************

OPEN(17,FILE=`BETA_VALUES',IOINTENT='OUTPUT',PAD='YES')
C

READ(15,1000)IWRITE,IDISK,IVDSK,IMASS,IVEL,IBETA,IRAD
READ(15,1000)ISTDY,IBOUND,ILEAK

1000FORRAT(loll)
C

IF(IDISK.NE.0) TIHN
1010   FORMAT(A)

OPEN(29,FILE='CASE1_BETA4_BETAS',IOINTENT='OUTPUT')
ENDIF

C
IF(IVDSK.NE.0) THEN
OPEN(31,FILE='CASE1_BETA4_BVS',IOINTENT='OUTPUT')
ENDIF

1110

PRINT*,'*** READING DATA NOW ***'

READ NODAL DIMENsloN AND nmTRIC

READ(15,1110)IDIM.JDIM,DX
FORMAT(212,Flo.2)

INrnALlzE CONSTANTS

ILESS1=ID"-1
JLES S 1 =JDIM- 1
PI=3.14159265359

READ TIME DATA

READ(15,1130)NUMKT,DT
1130 FORMAT(12,F20.2,12)

C
c          READ rTERATION DATA
C

READ(15,1150) LENG,EPS
1150 FORMAT(12,F20.2)

C
C          READ POROSITY
C

READ(15,1170) POR
1170 FORMAT(Flo.2)

C
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GRID SCALES IN X AND Y DIRECTIONS
C

READ(15,1220) (DELX(J),J=1,JDIM)
READ(15,1220)(DELY(I),I=1,IDIM)

1220 FORMAT(15F5.2)

READ SCALE FACTOR FOR TRANSNISSIVITY

READ(15,1180)SCALET
1180 FORMAT(F20.5)

READ IN r[RANSNISSIV[T¥ DATA

DO 10 I=1,IDIM
READ(15,1261) (T(I,J),J=1,JDIM)

1261 FORMAT(12F10.0)
1260FOFVAT(1515)

10   CONINUE

C
C
C

C
C
C

C
C
C

C
C

READ SCALE FACTOR SATURATED TmcKNESS

READ(15,1180)SCALEM

READ IN SATURATED TIHCKNESS DATA

DO 301=1,IDIM
READ(15,1260)  (ST(I,J),J=1,JDIM)
30 CONTINUE

CALCULATE HYDRAULIC CONDUC'ITVITY

DO 501=1,IDIM
DO 50 J= 1,JDIM
HC(I,J)-0.0
IF(ST(I,J).NE.0) THEN
HC(I,J)=( (T(I,J))/S CALET)/(FLOAT(S T(I,J))/S CALEM)
ENDIF
50 CONTINUE

READ SCALE FACTOR FOR INrllAL HEAD

READ(15,1180)SCALEH

READ IN ZNTrITAL HEAD DATA

DO 601=1,IDIM
READ(15,1260)  (IH(I,J),J=1,JDIM)
60 CONTINUE

READ SCALE FACTOR FOR STORATIVITY

READ(15,1180)SCALES

READ IN STORAGE COEFFICIENT DATA
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C
DO 80 I=1,IDIM
READ(15,1260)  (S(I,J),J=1,JDIM)
80 CONTINUE

READ IN CONFINING LAYER (IF ANY)
C

DO 110 I=1,IDIM
DO 110 J=1,JDIM
BDTHK(I,J)=1.0
110  ZK(I,J)=0.0
IF(ILEAK.NE.0) THEN
READ(15,1351)NCLN

1351    FORMAT(13)
READ( 15,1350)  (IICL(K),JJCL(K),K= 1,NCLN)
READ(15,1361) (ZHC(K),K=1,NCLN)

1361    FORMAT(8E16.5)
READ( 15,1360) (BD(K).K= 1,NCLN)

1350   FORMAT(2012)
1360   FORMAT(8F8.5)

DO 120 K=1,NCLN
I=IICL(K)
J=JJCL(K)
BDTIK(I,J)=BD(K)
ZK(I,J)=ZHC(K)
120       CONTINUE
ENDIF

C
INITIALIZE PUMPING MATRIX

DO 1001=1,ID"
DO 100 J=1,JD"
loo P(I,J)=O

READ IN CoNSTAr`IT HEAD pon`ITs IF Ar\nr

IF(IBOUND.NE.0) THEN
READ(15,1351)NCHN
READ(15,1350)  (IICH(K),JJCH(K),K=1,NCHN)
DO  130 K=1,NCHN
I=IICH(K)
J=JJCH(K)
P(I,J)-2
130       CONTINUE
EroIF

READ IN OBSERVATION WELL POINTS

NOBSW INCLUDES SUPPLY,INTRCEPTION ANS VEL OBSEVATION WELLS
READ(15,1350)NOBSW
READ(15,1350) (IO(K),JO(K),K=1,NOBSW)

READ IN PUMPING WELL POINTS
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READ(15,1350) NWEL
1355   FORRAT(314)

READ(15,1350)(II(K),JJ(K),K=1,NWEL)

PRINT OUT INPUT DATA

PRINT OUT TITLE AND SURPRESSION CHOICES

PRINT*,'BETA CALCULATIONS IN PROGRESS NOW '
WRITE(16,1020)NAMEP

io2O   FORMAT(iHi,/' GROuNDWATER REspONSE FUNorloN
MODEL',/,'PROBLEM:',A64)
WRITE(16,1030)CHAR(IWRITE+1)

1030   FORMAT(' PRINT OUT TRANSMISSIVITY, SATURATED TIHCKNESS, ',/,
14X,'INITIAL IHAD ANI) STORATIVITY MAPS?',T60,A3)
WRITE(16,1040)CIIAR(IDISK+1)

1040   FORMAT(' WRITE OUT DRAWDOWN RESPONSE FUNCTIONS ON DISK ?',T60,
2A3)
WRITE(16,1050)CHAR(IVDSK+1)

1050   FORMAT(' WRITE OUT VELOCITY RESPONSE FUNCTIONS ON DISK ?',T60,
1A3)
WRITE(16,1060)CHAR(MASS+1)

1060   FORMAT(' CALCULATE MASS BALANCE ?',T60,A3)
WRITE( 16,1070) CHAR(IVEL+1)

1070   FORMAT(' WRITE OUT AREAL VELOCITY FIELDS ?',T60,A3)
WRITE(16,1080)CIIAR(IBETA+1)

1080   FORMAT(' WRITE OUT AREAL DRAWDOWNS ?',T60,A3)
WRITE(16,1090)CHAR(IRAD+1)

1090   FORMAT(' PERFORM WELL RADIUS CORREC'ITONS ?',T60,A3)
C
C          PRINT OUT NODAL DIRENSION AND METRIC
C

WRITE(16,1120) IDIM,JDIM,DX
1120   FORMAT(1H1,'GRID INFORMATION`//5X,

1' NUMBER 0F GRID ROWS',T30,`=',13/5X,' NUMBER OF GRID',
2'  COLUMNS',T30,'=',13/5X,'  DISTANCE  METRIC',T30,'=',F6.0,'  FT')

C
PRINT OUT GRID SCALES

WRITE(16,1230)
1230   FORMAT(/5X,' GRID SCALE IN X DIRECTION'O

WRITE(16,1240)(DELX(J),J=1,JDIM)
1240   FORMAT(2X,10F5.1)

WRITE(16,1250)
1250   FORMAT(/5X,' GRID SCALE IN Y DIRECTION'O

WRITE(16,1240)(DELY(I),I=1,IDIM)
C
C          PRINT OUT TIME DATA
C

WRITE(16,1140)NUMKT,DT
1140   FORMATV' TIME INFORMATION'//

15X,' TOTAL NUMBER OF TIME PERIODS',T60,'=',13/
25X,'  TIME  PERIOD  LENGTH',T60,'=',E12.5,'  SEC')

C
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PRINT OUT INPUT ITERATION PARAMETERS

WRITE( 16,1160) LENG,EPS
1160   FORMATV' ITERATION INFORMATION'//5X,

1 ' NUMBER  OF PARAMETERS',T30,'=',13/5X,
2'  CONVERGENCE  EPSILON',T30,'=',F7.5/5X,
3' ITERATION PARMETERS :')

C
PRINT OUT AVAILABLE CAPTURE SOURCES

C
IF(IBOUND.EQ.1 ) TIHN
WRITE(16,1200)

1200   FORMAT(' CONSTANT HEAD BOUNDARY')
ENDIF
IFaLEAK.EQ. 1) THEN
WRITE(16,1210)

1210   FORMAT(' CONFINING LAYER WITH LEAKAGE'/0
ENDIF

C
C          PRINT OUT TRANS NIS SIVITY
C

IF(IWRITE.NE.0) THEN
WRITE(16,1270)

1270   FORMAT(1H1,30X,'TRANSMISSIVITY (FT*FT/SEC)'O
DO 20 1=1,ID"
WRITE(16,1261) (T(I,J),J=1,JDIM)

1280   FORMAT(3014)
20        CONTINU E
WRITE(16,1290)SCALET

1290   FORMAT(/20X,' ACTUAL TRANSMISSIVITY = T(I,J)/(',E9.3,')')
ENDIF

C
C          PRINT OUT SATURATED THICKNESS
C

IF(IWRITE.NE.0) TEHN
WRITE(16,1300)

1300   FORMAT(1H1,30X,'SATURATED "ICKNESS (FT)'O
DO 40 1=1,IDIM
WRITE(16,1280)  (ST(I,J),J=1,JDIM)
40        CONHNUE
WRITE(16,1310)SCALEM

1310   FORMAT(/20X,` ACTUAL SATURATED THICKNESS = ST(I,J)/(',E9.3,')')
ENDIF

C
C          PRINT OUT INITIAL IHAD
C

IF(IWRITE.NE.0) THEN
WRITE(16,1315)

1315   FORMAT(1H1,30X,'INITIAL HEAD (FT)'O
DO 701=1,IDIM
WRITE(16,1282)  (IH(I,J),J=1,JDIM)

1282   FORMAT(2015)
70         CONTINUE
WRITE(16,1320) SCALEH
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1320   FORMAT(/20X,' ACTUAL INITIAL HEAD = IH(I,J)/(',E9.3,')')
ENDIF

C
c          PRINT OUT STORAGE coEFFlclEr`IT
C

IF(IWRITE.NE.0) THEN
WRITE(16,1330)

1330   FORMAT(1H1,30X,'STORAGE COEFFICIENT'O
DO 901=1,IDIM
WRITE(16,1280)  (S(I,J),J=1,JDIM)
90        CONTINUE
WRITE( 16,1340) SCALES ,POR

1340   FORMAT(/20X,' ACTUAL STORAGE COEFFICIENT = SC(I,J)/(',E9.3,')'/
1            21X,'POROSITY  =  ',E9.30
ENDIF

C
LEAKAGE SIGNAL

IF(ILEAK.NE.0) TIIEN
WRITE(16,1370)

1370   FORMAT(' CONFINING LAYER DATA READ IN')
ENDIF

C
C          CONSTANT READ BOUNDARY SIGNAL
C

IF(IBOUND.NE.0) THEN
WRITE(16,1380)

1380   FORMAT(' ***CONSTANT HEAD BOUNDARY POINTS READ IN***')
ENDIF

cALcuLATE n`ITIAL vELOcITy FIELD

KT=O
CALL INTVEL

C
CLOSE (15)

C
RErruRN
END

C
C
C**********************************************************************
C
C****************************************************

C
C
C

C
C
C

******************************************************************

SUBROUTINE PARAM

THIS SUBROUTINE COMPUTES ITERATION PARAMETERS

COMMON /C 1/ ID",JDIM,ILESS 1,JLESS 1
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C

C
C
C

C

C

C
C
C

C
C
C

CO"ON /C6/ PI
COMMON/C13/DX,DELX(100),DELY(100)
COMMON/C22/OMEGA(100)
COMMON /C24/ LENG

OMAX=1.0
0MIN=2.0
ID2=IDIM-2
JD2=JDIM-2
XVAL=PI**2/(2.0*JD2**2)
YVAL=PI**2/(2.0*ID2**2)
DO 10 I=3,ID2
DO 10 J=3,JD2
XPART=XVAL*(1.0/(1.0+DELX(J)**2DELY(I)**2))
YPART=YVAL*(1.0/(1.0+DELY(I)**2DELX(J)**2))
OMIN=AMIN1(OMIN,XPART,YPART)
io coNTrmE
BETA= EXP(LOG(OMAX/OMIN)/(FLOAT(LENG)-1.0))
OMEGA(1)=OMIN
DO 20 I=2,LENG
20 OMEGA(I)=OMEGAa-1 t*BETA
RETURN

END

******************************************************************

SUBROUTINE INF2(KWEL)

COMMON /C 1/ ID",JDIM,ILESS 1,JLESS 1
COMMON/C3/G(100,loo)
COMMON/C5/P(loo,loo)
COMMON /C 11/ IBOUND,IWRITE,IDISK,IS TDY,ILEAK,IMAS S
COMMON/C14/II(200),JJ(200),IO(200),JO(200)
CoMMON /c23/ IDlvG,Koun`IT

INTEGER*4 P

INITIALIZE CONSTANTS

IDIVG=O

SET INITIAL VALUE OF IHAD AND ZERO PUMPING

DO 10 I=1,IDIM
DO 9 J=1,JDIM
IF(P(I,J).NE.2)  P(I,J)=O
G(I,I)=0.0
9 CONTINUE
10 CONTINUE

SET UP PUMPING WELL

I=II(KWEL)
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C

C
C
C

C

C

C
C
C

C

J=JJ(KWEL)
P(I,J)-1
RETURN

END

******************************************************************

SUB ROUTINE ITRATE

COMMON /C 1/ IDIM,JDIM,ELESS 1,JLESS I
COMMON/C3/G(100,100)
COMMON /C4/ DT
COMMON/C10/NUMKT,NWEL,NOBSW
COMMON/C21/EPS,PARM,PG(100,100)
COMMON/C22/OMEGA(100)
COMMON /c23/ IDlvG,Koun`IT
COMMON /C24/ RENG

IF(IDIVG.EQ.1) GO TO 20
NTH=O
KOUNT=O
PARM=0.0
DO 10 I=1,IDIM
Do 9 I=i ,TDnv[
PG(I,J)=G(I,J)
9 coNTrmE
10 CONTINUE
RETURN
20 KOUNT=KOUNT+1
IF(MOD(KOUNT,LENG).GT.0) G0 TO 30
NTH=0
30 NTH=NTH+1
pARM=oMEGAQun)
RETURN

END

******************************************************************

SUBROUTINE ROW

COMMON /c 1/ IDnvI,TDIM,ILEss 1 ,TLEss 1
COMMON/C2/T(100,100),ZK(100,100)
COMMON/C3/G(100,100)
COMMON/C4/DT
COMMON/C5/P(100,100)
COMMON /C6/ PI
CO"ON /C8/ KT
COMMON/C9/S(100,100)
COMMON /C 11 / IB OUND ,IWRITE,IDISK,ISTDY,ILEAK,IMAS S
COMMON/C13/DX,DELX(100),DELY(100)
COMMON/C18/SCALET,SCALES,SCALEH,SCALEM
COMMON/C21/EPS,PARM,PG(100,100)
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CCOMMON /ca3/ IDlvG,KOuNT
COMMON/C25/BDTHK(100,100)

INTEGER P,S
DIMENSION BE(550), G1(550), TEMP(550)

JLESS1=JDIM-1
JLESS2=JD"-2
ELESS1=ID"-1
ELESS2=IDIM-2
RHO=Dx**2roT
BE(1)=0.0
G1(1)=0.0
DO 70 I=2,IDIM
DO 10 J=2,JLESSI
BE(J)=0.0
G1(J)=0.0

DETERMINE WIHTRER NODE IS OUTSIDE AQUIFER BOUNDARY

IFcr(I,J).EQ.0) Go TO 10
IF(P(I,J).EQ.2) GO TO  10

CALCULATE AVERAGE VALUES oF T BETWEEN ADTACEr`IT NODES.

NODE.             T1=LEFT,       T2=RIGHT.    T3=UPPER,   T4=LOWER

T1=2.0*(T(I,J-1)*T(I,J))
Ti=Tiz((T(I,I.1))*DELx(I)+(Ta,I))*DELx(I-1))
T1=T1/(DELX(J)*SCALET)
T2=2.0*(T(I,J+1)*T(I,J))
T2=T2/((T(I,J+1))*DELX(J)+(T(I,J))*DELX(J+1))
T2=T2/(DELX(J)*SCALET)
T3=2.0*(T(I-1,J)*T(I,J))
T3=T37(tT(I.1,I)>*DELy(I)+(Ttl,I))*DELya-i>)
T3=T3/(DELY(I)*SCALET)
T4=2.0*(T(I+1,J)*T(I,J))
T4=T4/(cr(I+1,I))*DELy(I)+(T(I,I))*DELy(I+1))
T4=T4/(DELYO)*SCALET)
GINCR=PARM*(T1+T2+T3+T4)

DEFINE B OUNDARY REQUIREMENTS OF CALCULAHON PARAMETERS
A,B,C,Q, AND BE FOR ROWS OF MATRK

CALCULATE VALUES         FOR PARAMETERS A,B ,C,D

Q-0.0
IF(P(I,J).EQ.1.AND.KT.EQ.1)  Q=1.0
IF(P(I,J).EQ.1.AND.ISTDY.EQ.1)  Q=1.0
BDT=BDTHK(I,J)
AREA=DX**2
SC=FLOAT(S(I,J))/SCALES
A=TI
B=-T1-T2-RHO*SC-GINCR-ZK(I,J)*AREA/BDT/2.0
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C

C
C
C

C

C=T2
D=-T3*G(I-1,J)-RHO*SC*PG(I,J)+(T3+T4-GINCR)*G(I,J)
1-T4*G(I+1,T>-Q;(DELxtT)*DELytl>)+zK(I,T>*AREA;BDT*Ga,I);2.0
W=B-A*BE(J-1)
BE(J)=CAV
G1(J)=(D-A*G1(J-1))AV
io coNTrmE

CALCULATE IHAD VALUES FOR ROWS OF MATRIX AND PLACE THEM IN
TENIORARY LOCATION TEMP

IF¢.GT.2) GO TO 40
DO 30 K=1,JLESS2
N=JDIM-K
IF(T(I,N).NE.0.AND.P(I,N).NE.2) GO TO 20
TEMP(N)=0.0
GO TO 30
2OTEMp(N)edi(N)-BE(N)*TEMpor+1)
3o coNTHurE
GO TO 70
40 DO 60 K=1,JLESS2
N=JDIM-K
G(I-1,N)=TEMP(N)
IF(T(I,N).NE.0.AND.P(I,N).NE.2) GO TO  50
TEMP(N)=0.0
GO TO 60
50TEMP(N)=G1(N)-BE(N)*TEMP(N+1)
60 CONTINUE
70 coNTrmE
RETURN

END

******************************************************************

S UBROUTINE COLUMN

COMMON/C1/IDIM,JDIM,ILESS1,JLESSI
COMMON/C2/T(100,100),ZK(100,100)
COMMON/C3/G(100,100)
CO"ON /C4/ DT
COMMON /C5/ P( 100,100)
COMMON /C6/ PI
COMMON /C8/ KT
COMMON/C9/S(100,100)
COMMON /C 11 / IB OUND ,IWRITE,IDISK,ISTDY,ILEAK,IMAS S
COMMON/C13/DX,DELX(100),DELY(100)
COMMON/C18/SCALET,SCALES,SCALEH,SCALEM
COMMON/C21/EPS,PARM,PG(100,100)
COMMON /C23/ IDIVG,KOUNT
COMMON /C25/ BDTHK( 100,100)

INTEGER P,S
DIMENSION BE(550), G1(550), TEMP(550)
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JLES S 1 =JDIM-1
JLESS2=JDIM-2
ELES S 1 =IDIM- 1
ILESS2=IDIM-2
RHO=Dx**2roT
BE(1)=0.0
G1(1)=0.0

IDIVG=O
DO 70 J=2,JD"
DO 10 I=2,ILESS 1
BE(I)-0.0
G1(I)=0.0

DETERMINE WIIETRER NODE IS OUTSIDE AQUHER BOUNDARY

IF(T(I,J).EQ.0) GO TO  10
IF(P(I,J).EQ.2) G0 TO  10

DEFINE B OUNDARY REQUIREMENTS OF CALCULATION PARAMETERS
B,C,BE

FOR cOLurmT oF r\4ATRlx

CALCULATE AVERAGE VALUE oF T BETvvEEN ADTACEr`IT NODES

T1=2.0*(T(I,J-1)*T(I,J))
T1=T1/((T(I,J-1))*DELX(J)+(T(I,J))*DELX(J-1))
T1=T1/(DELX(J)*SCALET)
T2=2.0*(T(I,J+1)*T(I,J))
T2=T2/((T¢,J+1))*DELX(J)+(T(I,J))*DELX(J+1))
T2=T2/@ELX(J)*SCALET)
T3=2.0*(T(I-1,J)*T(I,J))
T3=T37ttTtl-1,T>)*DELya>+(Ttl,Tj>*DELyq-1))
T3=T3/(DELY(I)*SCALET)
T4=2.0*(T(I+1,J)*T(I,J))
T4=T4/((T(I+1,J))*DELY(I)+(T(I,J))*DELY(I+1))
T4=T4/(DELY(I)*SCALET)
GINCR=PARM*(T1+T2+T3+T4)

CALCULATE VALUES FOR PARAMETERS A,B,C,D

BDT=BDTrK(I,J)
AREA=DX**2
SC=FLOAT(S(I,J))/SCALES
Q=0.0
IF(P(I,J).EQ.1.AND.KT.EQ.1)  Q=1.0
IF(P(I,J).EQ.1.AND.ISTDY.EQ.1)  Q=1.0
A=T3
B=-T3-T4-RHO*SC-GINCR-ZK(I,J)*AREA/BDT/2.0
C=T4
IF(ABS(G(I,J)).LE.1.OEL 10)  G(I,J)=0.
D=-T1*G(I,J-1)-RHO*SC*PG(I,J)+(T1+T2-GINCR)*G(I,J)
2-T2*Ga,I+1)-Q/(DELx(I)*DELy(I))+zK(I,I)reDT*AREA*G(I,I)/2.0
W=B-A*BE(I-1)
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BE(I)-CAV
G1(I)=(D-A*G1(I-1))AV
10 CONTINUE

CALCULATE []EAD VALUES FOR COLUMNS OF MAr[R]X AND PLACE IN
TEroRARy

C

C
C
C

C
C
C

LOCAHON TENI

IF(J.GT.2) GO TO 40
DO 30 K=1,ILESS2
N=IDIM-K
IF(T(N,J).NE.0.AND.P(N,J).NE.2)  GO TO 20
TEMP(N)-0.0
GO TO 30
20TEMP(N)=G1(N)-BE(N)*TEMP(N+1)
IF(ABS (TEMP(N)-G(N,J)).GT.EPS) IDIVG= 1
30 CONTINUE
GO TO 70
40 DO 60 K=1,ILESS2
N=IDIM-K
G(N,J-1)=TEMP(N)
IF(T(N,J).NE.0.AND.P(N,J).NE.2)  GO TO  50
TEMP(N)=0.0
GO TO 60
50TEMP(N)=G1(N)-BE(N)*TEMP(N+1)
IF(ABS (TEMP(N)-G(N,J)).GT.EPS) IDIVG= 1
60 CONTINUE
7o cONTrmE
RETURN

END

******************************************************************

SUBROUTINE BETA(KWEL)

TIHS SUBROUTINE CALCULATES BETAS AND A MASS BALANCE.

COMMON /C 1/ IDIM,JD",ILESS 1,JLESS 1
COMMON/C2/T(100,100),ZK(100,100)
COMMON/C3/G(loo,loo)
CO"ON /C4/ DT
CO"ON /C6/ PI
CO"ON /C8/ KT
COMMON /C9/ S( 100,100)
COMMON /C 10/ NUMKT,NWEL,NOB SW
COMMON /C 11/ IB OUNI) ,IWRITE,IDISK,ISTDY,ILEAK,IMAS S
COMMON/C13/DX,DELX(loo),DELY(100)
COMMON /C14/ II(200),JJ(200),IO(200),JO(200)
COMMON/C18/SCALET,SCALES,SCALEH,SCALEM
COMMON/C20/HC(100,100),IH(100,100),POR
COMMON /VEL/ IVEL,IVDSK,IB ETA ,IRAD

INTEGER*4 T,S
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DIMENSION B (200,50),BVX(200,50),BVY(200,50),R(200),THETA(200)
C

IF(IWRITE.EQ.0.AND.IMASS.EQ.0) GO TO 20
IF(ISTDY.EQ.1.AND.KT.NE.NUMKT) GO TO 20
WRITE(16,1000)KWEL,II(KWEL),JJ(KWEL),KT

1000 FORMAT(1H1,' PUMPING WELL "  I,12/' NODE COORDINATE  (',12,',',
112,')'/'  TIME  LAG  ',12)

C
C          MASS BALANCE
C

IF(IMASS.EQ.0) GO TO 20
SUM=0.0
DO 10 I=1,IDIM
DO 10 J=1,JDIM
IFIT(I,J).EQ.0) GO TO 10
AREA=DELX(J)*DELY(I)*DX**2
RHO=AREAroT
suM=suM+G(I,I)*ELOAT(sa,I));scALEs*RHO
io coNTrmE
DIFF=(1.0-SUM)*100.0
WRITE(16,1010) SUM,DIFF

1010 FORMAT(' PUMPING RATE ESTIMATED FROM STORAGE LOSS = I,
1F10.7,1X,'FT**3/SEC'/' ACTUAL PUMPING RATE =  1.0000000 FT**3'
2,'/SEC'/`  PERCENT DIFFERENCE  =  ',Fll.7,' PERCENT')

C**** TIH FOLLOWING LINE ADDED BY NADEEM *******
DIFFNEW=1.0-SUM
WRITE(17,3500)DIFFNEW

3500 FORMAT(F6.4,S)
C****  *******************************************

20 CONTINUE

CALCULATE DRAWDOIVN BETAS

DO 30 KOUNT=1,NOBSW
I=IOQCOUNT)
J=JO(KOUNT)
30 B (KOUNT,KT)=G(I,J)

CALCULATE THE VELOCITY BETAS

DO 40 KOUNT=1,NOBSW
I=IO(KOUNT)
J=JO(KOUNT)
BVX(KOUNT,KT)=-HC(I,J)
BVX(KOUNT,KT)=BVX(KOUNT,KT)*GRAD(G(I,J-1),Gq,J+1),DX)POR/DELX(J)
IF(ABS (BVX(KOUNT,KT)).LT.0.1E-10) BVX(KOUNT,KT)=0.0
IF(I.EQ.II(KWEL).AND.J.EQ.JJ(KWEL)) BVX(KOUNT,KT)=0.0
BVY(KOUNT,KT)=-HC(I,J)
BVY(KOUNI,KT)=BVY(KOUNT,KT)*GRAD(G(I-1,J),G(I+1,J),DX)POR/DELY(I)
IF(I.EQ.II(KWEL).AND.J.EQ.JJ(KWEL)) BVY(KOUNT,KT)=0.0
IF(ABS(BVY(KOUNT,KT)).LT.0.1E-10) BVY(KOUNT,KT)=0.0
40 CONTINUE

WRITE OUT RESPONSE FUNCTIONS
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C
IF(IWRITE.EQ.0) GO TO 60
IF(ISTDY.EQ.1.AND.KT.NE.NUMKT) GO TO 60
WRITE(16,1020)

1020 FORMAT(/'  OBSERVATION',5X,'NODE',llX,'DRAWDOWN',21X,'VELOCITY','
1  RESPONSE'/'          WELL',8X,'COORDINATE',7X,'RESPONSE',26X,
2'FUNCTIONS'/'       "',12X,'(I,J)',lox,'FUNCTIONS',9X,'(X)',9X,
3'(Y)',lox,'(R)',8X,'(THETA)'/)
DO 50 K=1,NOBSW
R(K)-0.0
THETA(K)=0.0
IF(BVX(K,KT).LT.1.OE-10)  BVX(K,KT)=0.

C           IF(BVY(K,KT).LT.1.OE-10) BVY(K,KT)=0.0
IF(BVX(K,KT).EQ.0.0.AND.BVY(K,KT).EQ.0.0) GO TO 50
R(K)=SQRT(BVX(K,KT)**2+BVY(K,KT)**2)
THETA(K)=57.29577951*ATAN2(BVY(K,KT),BVX(K,KT))
IF(TIIETA(K).LT.0.0) THETA(K)=TIHTA(K)+3 60.0
50 WRITE( 16,1030) K,IO(K),JO(K),B(K,KT),BVX(K,KT),BVY(K,KT)
1,R(K),TRETA(K)

1030  FORMAT(2X,13,llX,'(',12,',',12,')',6X,Ell.5,5X,Ell.5,2X,Ell.5,
12X,Ell.5,2X,F7.1)
60 CONTINUE
IF(IBETA.EQ.0) GO TO 65
WRITE( 16,1050) KWEL,II(KWEL) ,JJ(KWEL) ,KT

1050 FORMAT(1H1,lox,'RESPONSE FUNCTIONS FOR WELL ",13,
1'  AT NODE  (`,12,`,',12,'),  LAGGED',13,'  TIME  PERIODS'/0
DO 62 1=1,ID"
62 WRITE(16,1051)  (G(I,J),J=1,JDIM)

1051 FORMAT(25F5.1)
IF(IRAD.EQ.0.OR.KT.NE.1) GO TO 65
I=II(KWEL)
J-JJ(KWEL)
RC=SQRT(DELX(J)*DELY¢)*DX**2#I)
GCOR=G(I,J)+LOG(RC)/(2.0*PI*(T(I,J))/SCALET)
WRITE( 16,1052) KWEL,GCOR

1052 FORMAT(/lox,'RESPONSE FUNCTION FOR WELL ",13,' CORRECTED',
1' FOR WELL RADIUS = ',Flo.5)
65 CONTINUE
IF(IVEL.EQ.0) GO TO 70
CALL VELFLDquL)
70 CONTINUE
IF(IDISK.EQ.1.AND.ISTDY.EQ.0) WRITE(29,1040)(B (KOUNT,KT
1),KOUNT=1,NWEL)
IF(IDISK.EQ.1.AND.ISTDY.EQ.1.AND.KT.EQ.NUMKT) WRITE(29,1040)
1(B(KOUNT,KT),KOUNT=1,NWEL)
IF(ISTDY.EQ.0.AND.IVDSK.EQ.1) WRITE(31,1040) (BVXOCOUNT,KT)
1,KOUNT=(NWEL+1),NOBSW)
IF(ISTDY.EQ.1.AND.KT.EQ.NUMKT.AND.IVDSK.EQ.1) WRITE(31,1040)
1  (BVX(KOUNT,KT),KOUNT=(NWEL+ 1),NOB SW)
IF(ISTDY.EQ.0.AND.IVDSK.EQ.1) WRITE(31,1040) (BVY(KOUNT,KT)
1,KOUNT=(NWEL+1),NOBSW)
IF(ISTDY.EQ.1.AND.KT.EQ.NUMKT.AND.IVDSK.EQ.1)WRITE(31,1040)
1  (BVY(KOUNT,KT),KOUNT=(NWEL+ 1 ),NOBSW)

1040 FORMAT(5E 15.5)
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1090FORRAT(6E15.5)
RETURN

C
END

C
C
C

C

******************************************************************

S UBROUTINE PRINT

COMMON/C1/IDIM,JDIM,ILESS1,JLESSI
COMMON/C2/T(100,100),ZK(100,100)
COMMON /C5/ P( 100,100)
COMMON/C10/NUMKT,NWEL,NOBSW
COMMON/C13/DX,DELX(100),DELY(100)
COMMON/C14/II(200),JJ(200),IO(200),JO(200)
COMMON/C20/HC(100,100),IH(100,100),POR
COMMON/C18/SCALET,SCALES,SCALEH,SCALEM

INTEGER*4 T,P
DIMENsloN GRAPH(200) ,CHAR( 1 o8) ,B VXOO(200),Bvyoo(200) ,Bvxro(200)
1,BVYPO(200),R(200),THETA(200)

DATA CIIAR/2H        ,2HCH,2HPW,2H L,2H+T,2H+0,2H  1,2H 2,2H 3,2H 4,2H 5,2
1H  6,2H  7,2H  8,2H  9,2H10,2H11,2H12,2H13,2H14,2H15,2H16,2H17,2H18,2H
219,2H20,2H21,2H22,2H23,2H24,2H25,2H26,2H27,2H28,2H29,2H30,2H31,2H3
32,2H33,2H34,2H35,2H36,2H37,2H38,2H39,2H40,2H41,2H42,2H43,2H44,2H45
4,2H46,2H47,2H48,2H49,2H50,2H51,2H52,2H53,2H54,2H55,2H56,2H57,2H58,
52H59,2H60,2H61,2H62,2H63,2H64,2H65,2H66,2H67,2H68,2H69,2H70,2H71,2
6H72,2H73,2H74,2H75,2H76,2H77,2H78,2H79,2H80,2H81,2H82,2H83,2H84,2H
785,2H86,2H87,2H88,2H89,2H90,2H91,2H92,2H93,2H94,2H95,2H96,2H97,2H9
88,2H99,2HWL,2HOW,2HOP/

WRITE(16,1030)(J,J=1,41)
WRITE(16,1030) (J,J=3,JDIM-2)C   C
Do io K=1,rrmL
I=II(K)
J=JJ(K)
10  P(I,J)=1
DO 20 K=1,NOBSW
I=IO(K)
J=JO(K)
IF(P(I,J).EQ.0)  P(I,J)-3
IF(P(I,J).EQ.1)  P(I,J)=4
20 CONTINUE
DO 501=1,IDIM
DO 40 J=1,JDIM
IF(T(I,J).GT.0) GO TO 30
GRAPH(J)=CHAR(1)
GO TO 40
30 K=T(I,J)
KSIG=T(I,J)/100
IF(KSIG.GT.0)  K=T(I,J)/10
K=K+6
IF(K.GT.105)  K=5

Appendix   H 134

CCCC



GRAPH(J)=CHAR(K)
IF(ZK(I,J).NE.0.0)  GRAPH(J)=CHAR(4)
IF(P(I,J).EQ.1) GRAPH(J)=CHAR(3)
IF(P(I,J).EQ.2) GRAPH(J)=CHAR(2)
IF(P(I,J).EQ.3)  GRAPH(J)=CHAR( 107)
IF(P(I,J).EQ.4) GRAPH(J)=CHAR( 108)
IF(P(I,J).EQ.1.AND.ZK(I,J).NE.0.0)  GRAPH(J)=CIIAR(106)
40 CONTINUE

C           WRITE( 16,1040)I,(GRAPH(J),J= 1,41 )
C          WRITE( 16,1040) I,(GRAPH(J),J=3,JDIM-2)C         C

50 CONTINUE
CCC

C           WRITE( 16,1031 )(J,J=42,JDIM)
DO 51 I=1,IDIM

C          WRITE( 16,1042) (GRAPH(J) ,J=42,JDIM)
1042 FORMAT(6X,41A3)

51 CONTINUE
1031 FORMAT(1X,4113)

WRITE(16,1000)
1000 FORMAT( 1 H 1,6X,'OBSERVATION WELLS`/2X,'WELL',7X,`ROW',7X,'COLUMN',

117X,'INITIAL   VELOCITY'/3X,"",lox,"",lox,"",llX,'(X)',8X,'(Y)',
28X,'(R)',7X,'(THETA)'/)
DO 60 K=1,NOBSW
R(K)-0.0
THETA(K)=0.0
I=IO(K)
J=JO(K)
HI1=FLOAT(IH(I,J))/SCALEH
H12=FLOAT(IH(I,J+1))/SCALEH
H13=FLOAT(IH(I+1,J))/SCALEH
H14=FLOAT(IH(I,J-1))/SCALEH
H15=FLOAT(IH(I-1,J))/SCALEH
BVXOO(K)=HC(I,J) *GRAD (1114,H12,DX)POR/DELX(J)
Bvyoo(K)=Hc(I,I) *GRAD (1115 ,H13 ,Dx)POR;DELya)
IF(BVYOO(K).LT.1.OE-10) BVYOO(K)=0.0
IF(BVXOO(K).LT.0.OE-10) BVXOO(K)=0.0
IF(Bvxooac).EQ.0.O.AND.Bvyoo(K).EQ.0.0) GO TO 60
R(K)=SQRT(BVXOO(K)**2+BVYOO(K)**2)
THETAOc)=57.2957795i*ATAN2(Bvyoo(K),BvxOour))
IF(THETA (K). LT.0. 0) THETA(K)=THETA(K)+3 60. 0
IF(K.LE.NWEL) GOTO 65
65 CONTINUE
60 WRITE( 16,1010) K,IO(K),JO(K),BVXOO(K),BVYOO(K),R(K),THETA(K)

1010  FORMAT(1X,13,8X,13,8X,13,7X,E10.4,1X,E10.4,1X,E10.4,1X,F7.1)
WRITE(16,1020)

1020  FORMAT(/6X,'PUMPING  WELLS'/2X,'WELL',7X,'ROW',7X,'COLUMN',
117X,'INITIAL   VELOCITY'/3X,"",lox,"",lox,"",llX,'(X)',8X,'(Y)',
28X,'(R)',7X,'(THETA)'/)
DO 70 K=1,OwEL
R(K)=0.0
THETA(K)=0.0
I=II(K)
J=JJ(K)
HI1=FLOAT(IH(I,J))/SCALEH
H12=FLOAT(IH(I,J+1))/SCALEH
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H13=FLOAT(IH(I+1,J))/SCALEH
H14=FLOAT(IH(I,J-1))/SCALEH
H15=FLOAT(IH(I-1,J))/SCALEH
BVXPO(K)=BVXPO(K)*GRAD(H14,H12,DX)POR/DELX(J)
Bvypo(K)=Bvyro(K)*GRAD(H15,H3,Dx)ff oR/DELy(I)
IF(BVYPO(K).LT.1.OE-10)BVYPO(K)=0.0
IF(BVXPO(K).LT.1.OE-10)BVXPO(K)=0.0
IF(BVXPO(K).EQ.0.0.AND.BVYPO(K).EQ.0.0) GO TO 70
R(K)=sQRT(Bvxro(K)**2+Bvypo(K)**2)
TIHTAtK)=57.2957795i*ATAN2(Bvypour),BvxpO(K)t
IF(THETA(K).LT.0.0) THETA(K)=THETA(K)+360. 0
70 WRITE( 16,1010) K,II(K),JJ(K),BVXPO(K),BVYPO(K),R(K),THETA(K)
RETURN

C
1030 FORMAT(1H1,25X,'REGI0N MAP'//1X,'NODE  '/2X,'  ",1X,4113)
1040FORMAT(1X,13,2X,41A3)

END
C

******************************************************************

SUBROUTINE INTVEL

COMMON /C 1/ ID",JDIM,ILESS 1,JLESS 1
COMMON/C13/DX,DELX(100),DELY(100)
COMMON/C20/HC(100,100),IH(100,100),POR
COMMON/C18/SCALET,SCALES,SCALEH,SCALEM

COMMON/C50/IR(100,100),THETA(100,100)

DO 10 I=1,IDIM
DO 10 J-1,JD"
IR(I,J)=0.0
THETA(I,J)-0.0
IF(HC(I,J).EQ.0.0) GO TO  10
IHi=FLOATtlHa,I))zscALEH
IH2=FLOAT(IH(I,J+1))/SCALEH
H3=FLOAT(IH(I+1,J))/SCALEH
H14=FLOAT(IH(I,J-1))/SCALEH
H15=FLOATtlHa-1,]t>;SCALEH
VXO=VXO*GRAD(H14,H12,DX)POR/DELX(J)
VYO=VYO*GRAD(H15,H13,DX)POR/DELY0
IF(VXO.LT.1.OE-10)VXO=0.0
IF(VYO.LT.1.OE-10)VYO=0.0
IF(VYO.EQ.0.0.AND.VXO.EQ.0.0) GO TO  10
IR(I,J)=SQRT(VXO**2+VYO**2)*1.OEO8
THETA(I,J)=57.29577951*ATAN2(VYO,VXO)
IF(THETA(I,J).LT.0.0) THETA(I,J)=THETA(I,J)+360.0
10 CONTINUE
WRITE(16,1000)

1000FORMAT(1H1,lox,'INITIALVELOCITYFIELD'/0
DO 201=1,IDIM

c          WRITE(16,ioio)  (IRa,I),T=i,IDIM)
C           WRITE(32,1010)  (IR(I,J),J=1,JDIM)
C           WRITE(16,1020) (THETA(I,J),J=1,JDIM)
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CWRITE(33,1020) (THETA(I,J),J=1,JDIM)
WRITE(16,1030)
20 cONTrmE

ioioFOFunT(2515)
1020 FORMAT(25F5.0)
1030 FORMATV)

RETURN
C

END
C

******************************************************************

SUBROUTINE VELFLD(KWEL)

COMMON /C 1/ IDIM,JDIM,ILESS 1,JLESS 1
COMMON/C3/G(100,100)
COMMON/C5/P(100,100)
CO"ON /C8/ KT
COMMON/C13/DX,DELX(100),DELY(100)
COMMON /C 14/ II(200) ,JJ(200) ,IO(200) ,JO(200)
COMMON/C20/HC(100,100),IH(100,100),POR

COMMON/C50/IR(100,100),TRETA(100,100)
INTEGER*4 P

DO 10 I=1,ID"
DO 10 J=1,JDIM
IR(I,J)-0.0
THETA(I,J)=0.0
IF(HC(I,J).EQ.0.0) GO TO  10
VX=-HC(I,J)
VX=VX*GRAD(G(I,J-1),G(I,J+1),DX)ffoRDELX(J)
VY=-HC(I,J)
VY=VY*GRAD(G(I-1,J),G(I+1,J),DX)ff oR/DELY(I)
IF(P(I,J).EQ.0) GO TO 5
VX=0.0
VY=0.0
5 CONTINUE
IF(VX.LT.1.OE-10)VX=0.0
IF(VY.LT.1.OE-10)VY=0.0
IF(VX.EQ.0.0.AND.VY.EQ.0.0) GO TO  10
IR(I,J)=SQRT(VX**2+VY**2)*1.OEO8
THETA(I,J)=57.29577951*ATAN2(VY,VX)
IF(THETA(I,J).LT.0.0) THETA(I,J)=THETA(I,J)+360.0
10 CONTINUE
WRITE(16,1000)KWEL,II(KWEL),JJ(KWEL),KT

1000 FORMAT(1H1,lox,'VELOCITY FIELD FOR WELL ",13,' AT NODE',
1'  (',12,','.12,'),  LAGGED',13,'  TIME  PERIODS'/0
DO 201=1,IDIM
WRITE(16,1010)  (IR(I,J),J=1,JDIM)
WRITE( 1 6, 1020) (TlmTA(I,I),T= 1 ,TDIM)
WRITE(16,1030)
20 CONTINUE

1010 FORMAT(2515)

Appendix   H 137



1020 FORMAT(25F5.0)
1030 FORMATV)

RETURN
C

END
C

FUNCTION GRAD(G1,G2,DX)
GRAD=(G1-G2)/(2.0*DX)
RETURN
END
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C
******************************************************************************

TIIIS PROGRAM GENERATES SCREENS ON TEE DATA GENERAL'S DASIHR
D210/211 TERMINALS FOR PREPARING DATA FOR THE PLANNING MODEL.

******************************************************************************

LINKAGE: F77LINK FED FORMS77.LB UTILLIB.LB

wRrlTEN By:    NADEEM SHAUKAT & TIN TAN
KANSAS GEOLOGICAL S URVEY
1930 CONSTANT AVE„ LAWRENCE, KS 66047,USA
(913) 864-3965

**************************************************************************

IrmLlclT NONE
INTEGER FU  AC'ITON
INTEGER FU-DIS PLAYMES S AGE
INTEGER JU-NK             !DUMMY VARIABLE
INTEGER N        !CHOICE NUMBER FOR MAIN MENU
INTEGER CURSOR        ! CURRENT SCREEN POSITION
LOGICAL DONE             !FLAG TO EXIT PROGRAM
LOGICAL EDIT  !TRun IF `VE HAVE PREVIOUSLY ENTERED rITH EDIT

!MODE BUT IIAVE NOT VVRITTEN TTH DATA TO A FILE.
LOGICAL OK     !oK IF DATA HAS BEENivRrrrEN TO A FETE SuCCESFULL¥
LOGICAL FETE  INCLUDE !INCLUDE rum FILE CONTAINING TEE

! STREAM AQUIFER COEFFICIENTS?
CHARACTER*80 REPLY           ! STORE USER'S RESPONSE

C
C     THE FOLLowr[NG ARE THE DECLARAT[oN OF T[]E BUFFERS USED To STORE
C     INFORMATION OF EACH SCREEN WE HAVE EDITED. TIIESE BUFFERS IVELL BE

USED
C     LATER TO GENERATE THE TARGET OUTF]LE. TRE¥ ARE ALSO USED wrr±EN \VE

NEED
C     TO RE-EDIT THE SCREENS. EACH OF THESE BUFFERS IIAS A NUMBER OF ITS
C     CORRESPONDING FORM. SOME OF THESE BUFFERS ARE SIMPLY CIIARACTER

STRINGS
C     BUT SOME ARE ARRAYS OF STRINGS. IF A BUFFER IS AN ARRAY(eg: BUF04(10))
C     IT STORES TIH INFORMATION OF THE SAME FORM BUT FOR DIFFERENT BASINS
C     FOREXAMPLE:
C     BUF03     STORES THE INFORMATION OF SCREEN 03 (ie. FORM F3)
C     BUF04(2) STORES THE INFORMATION OF SCREEN 04.02, WHICH MEANS
C     FORMF4ANDBASIN#2.
C
C

CHARACTER BUF02*80,BUF03*36, BUF04(10)*17, BUF05*171, BUF06*171,
&  BUF07(10)*781,  BUFO8*836,  BUFO9*836,  BUF10(10)*720,
&  BUFll(10)*597
coMMONrouFrouF02,BUF03,BUF04,BUF05,BUF06,BUF07,BUFO8,BUFO9,
& BUF10,BUFll

C
CALL  FU_SETUP('  ','E')
CALL DEFINE_FORM('F1 ')
JUNK=FU_ACTION(10,0,127)
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DONE=.FALSE.
EDIT=.FALSE.
DO WHILE (.NOT. DONE)

10    CALL FU  ERASECAREA
CURSOR=FU_DISPLAYMES SAGE('  ENTER OPTION NUMBER: ')
CALL GET_MES SAGE(CURS OR,REPLY)
IF  (REPLY(1:1).EQ.'H')  THEN
CALLCOPYSCREEN(1,0)
GO TO 10
END IF
READ(REPLY,'(I1)',ERR=10)  N
IF (N.LT.1.OR. N.GT.5) GO TO  10
IF (N.EQ.1) THEN
IF (EDIT) THEN
CALL FU  BEEP
CURSOR=FU_DISPLAYMESSAGE('***** NO WRITE SINCE TEE LAST
& EDIT.')
CURSOR=FU_DISPLAYMESSAGE('***** TYPE "IGNORE" TO IGNORE THE
& PREVIOUS EDIT.')
CURSOR=FU_DISPLAYMESSAGE(`***** ANY OTHER KEY TO RESUME.?')
CALL GET_MES S AGE(CURS OR,REPLY)
IF (REPLY .EQ. 'IGNORE') CALL ENTER_NEW_DATA
ELSE
CALL ENTER  NEW  DATA
EDIT=.TRUE.-
END IF
END IT
IF (N.EQ.2) THEN
CALL EDIT  CURRENT  DATA
EDIT=.TRU-E.
END IF
IF (N.EQ.3) "EN
IF (EDIT) TREN
CALL FU  BEEP
CURSOR=FU_DISPLAYMESSAGE('***** NO WRITE SINCE THE LAST
& EDIT!')
CURSOR=FU_DISPLA+MESSAGE('* **** TYPE "IGNORE" TO IGNORE
& THE PREVIOUS EDIT.')
CURSOR=FU_DISPLAYMESSAGE('***** ANY OTHER KEY TO
& RESUME.?I)
CALLGET_MESSAGE(CURSOR,REPLY)
IF (REPLY.EQ.'IGNORE') THEN
EDIT=.FALSE.
CALL READ  DATA  FROM  FILE
END IF
ELSE
CALL READ  DATA  FROM  FILE
Ere IF
END IF

IF (N.EQ.4) THEN
CALL WRITE_DATA_TO_FILE (OK ,FILE_INCLUD E)
EDIT=(.NOT.OK)
END IF
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IF (N.EQ.5) THEN
DONE=.TRUE.
IF (EDIT) THEN
CALL FU_BEEP
CURSOR=FU_DISPLAYMESSAGE('*** ** NO WRITE SINCE TIH LAST
& EDIT!`)
CURSOR=FU_DISPLAYMESSAGE('***** TYPE "QUIT" TO CONFORM
& EXIT.')
CURSOR=FU_DISPLAYMESSAGE('***** ANY OTHER KEY TO RESUME.?
&')
CALL GET_MES S AGE(CURS OR,REPLY)
IF (REPLY.NE.`QUIT')  DONE=.FALSE.
END IF
END IF
IF (.NOT.DONE.AND.N.NE.5) CALL DEFINE_FORM('F1 ')
END DO
END

SUBROUTINE SKIPBLANKS (STR)

Eliminates leading blanks in STR.
Called by: GET_MESSAGE

CIIARACTER*(*) S TR
IF  (STR.NE.'  ')  THEN
1=1
N=LEN(STR)
DO WIIILE(I.LE.N .AND.  STR(I:I).EQ.' ')
1=1+1
END DO
STR=STR(I:N)
END IT
END

FUNCTION LENGTHOF(STR)
CRARACTER*(*) STR
INTEGER LENGTHOF,I
I=LEN(STR)
DO WHILE(I.GT.1  .AND.  STR(I:I).EQ.'  ')
1=1- 1
ENDDO
LENGTHOF=I
RETURN
END
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SUBRouTINE Er`ITER  NEw  DATA

Initialize blank buffers and allow users to edit brand new screen.
Calls: n`ITI`_BUFFERS , EDIT_CURRENT_DATA
Called by: MAIN

INTEGER CURS OR,FU_DISPLAYMES S AGE
CHARAC"R* 80 FNAME
CALL INrr  BUFFERs
CALL EDIT-cuRREr`IT DATA
Ere

S UB ROUTINE EDIT_CURRENT_DATA

Allows users to edit/re-edit whatever contained in the current
buffers. After completing the modifications, the new content of each
screens are stored back to their corresponding buffers.
Calls: DEFINE_FORM, PROMPT_EXIT, NOLOOP_EDIT, LOOP_EDIT, FU_PUTFORM,
FU_MODFORM, FU_POSITION, FU_GETFORM
CALLED BY : MAIN, ENTER_NEW_DATA

CHARACTER BUF02*80,BUF03*36, BUF04(10)*17, BUF05*171, BUF06* 171,
&  BUF07(10)*781,  BUFO8*836, BUFO9*836,BUF10(10)*720,
&  BUFll(10)*597
cOMMONrouF/ BUF02,BUF03,BUF04,BUF05 ,BUF06,BUF07,BUFO8,BUFO9,
& BUF10,BUFll
INTEGER N,I
LOGICAL EXIT_MAIN

CALL DEFINE_FORM('F2')
CALL FU_PUTFORM(B UF02)

10    CALL FU_POSITION(1)
CALL Fu_MODFORMa)
CALL PROMPT_EXIT(N,2,0)
IF (N.EQ.0) THEN
CALL FU_GETFORM(BUF02)
ELSE IF (N.EQ.1) THEN
GO TO 10
ELSE
CALL FU_GETFORMq3 UF02)
GO TO 77
END IF

CALLNOLOOP_EDIT(3.EXIT_MAIN)
IF (EXIT_MAIN) GO TO 77

CA LL LO OP_ED IT(4 , EXIT_MAIN)
IF (EXIT_MAIN) GO TO 77

DO 1=5,6
CALLNOLOOP_EDIT(1*I,EXIT_MAIN)
IF (EXIT_MAIN) GO TO 77

Appendix   I 143



END DO

CALL LO OP_ED IT(7 ,EXIT_MAIN)
IF (EXIT_MAIN) GO TO 77

DO 1=8,9
CALLNOLoop_EDIT(i*I,ExlT_MAno
IF (EzflT_MAIN) GO TO 77
END DO

DO 1=10,11
CALLLOOP_EDIT(1*I,EXIT_MAIN)
IF (EXIT_MAIN) GO TO 77
END DO

77    END

S UB ROur[INE WRITE_D ATA_TO_FILE toK ,FILE_INCLUDE,

Prompts users for the ouput filename and calls GENERATE_FILE to
generate the target outfile based on the latest information in the
buffers.
Calls : DEFINE_FORM, GET_MES S AGE, GENERATE_FETE, FU_DISPLAYMES S AGE ,
FU_BEEP
called by: MAIN

LOGICAL FILE_INCLUDE,OK
CHARACTER FN*80,CH,FN1*80,STR*132
n`ITEGER CURS oR,FU_DISpLA¥MES S AGE
CALL DEFINE_FORM('FO')

32    CURSOR=FU_DISPLAYMESSAGE('Enter the FILENAME containing the STRE
&AM_AQUIFER_COEFFICIENTS ')
CURSOR=FU_DISPLAYMESSAGE(' = ')
CALL GET_MES SAGE(CURSOR,FN)
FILE_INCLUDE = (FN.NE.'  ')
IF (FN.EQ.' ') GO TO 34
OPEN(19,FILE=FN,IOINTENT='INPUT',PAD='YES',ERR=33,STATUS='OLD')
GO TO 34

33    CALLFU  BEEP
CURSOR=FU_DISPLAYMESSAGE('***** FILE NOT FOUND ! ! ! ')
GO TO 32

34    CURSOR=FU_DISPLAYMESSAGE(")
CURSOR=FU_DISPLAYMESSAGE('ENTER TIH OUTPUT FILENAME: ')
CALL GET_MESSAGE(CURSOR,FN1)
OPEN(77,FILE=FN1,I0INTENT='OUTPUT',PAD='YES')
CALL GENERATE_FILE(FN 1,OK,FILE_INCLUDE)
CLOSE(UNIT=77)
CLOSE(UNIT=19)
END

SUB ROUTINE DEFINE_FORM(F)
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Called by: MAIN, EDIT_CURRENT_DATA, WRITE_DATA_TO_FETE, LOOP_EDIT,
NOLO OP_EDIT, REA D_DATA_FROM_FILE
CALLS : FU_INTERNALIZE, FU_CUREENT, FU_ERASESCREEN, FU_SCROLL

CRARAOuR*(*) F
INTEGER FU_INTERNALIZE,FORM
LOGICAL LJUNK,FU_S CROLL
FORM=FU_INTERNALIZE(F)
CALL FU_CURRENT(FORM,.TRUE. )
CALL FU  ERASESCREEN
LJUNK=F-U_SCROLL(.TRUE.)
END

suBROuTINE PROMPT_ExlTor,FN,B N)
*
* TIHS IS CALLED IMMEDIATELY AFTER EACH PIIASE (ie: CormLETION 0F ANY ONE
* SCREEN).USERS ARE GlvEN cHolcEs wllETHER o:To pRoCEED To Tlm NEXT
* SCREEN,     1: TORE-EDIT CURRENT SCREEN, OR   2:TOEXITTO TIH MAIN RENU.
* TIH INTEGER OF THE CHOICES IS RETURNED IN THE FIRST ARGUMENT N.
* OF rnRE CHOICES IS RETURNED IN TEE FIRST ARGUMENT N.
* CALLS : GET_MESSAGE, COPYSCREEN, FU_ERASESCREEN, FU_BEEP
* CALLED BY: EDIT_CURRENT_DATA
*

INTEGER N,CURSOR,FU_DISPLAYMESSAGE,BN,FN
CHARACTER*5 REPLY
CALL FU  ERASECAREA

10    CURSOR=FU_DISPLAYMESSAGE(
&'Er`ITER NEW-LINE TO CONTINUE, 1 TO EDIT, 2 FOR MAIN MENIT:')
CALLGET_MESSAGE(CURSOR,REPLY)
IF (REPLY(1:1).EQ.'H') THEN
CALL COPYS CREEN(FN,BN)
GO TO 10
END IF
READ(REPLY,'(I1)',ERR=11) N
IF (N.GE.0 .AND. N.LE.2) GO TO  12

11    CALLFU_BEEP
GO TO 10

12    CALL FU_ERASECAREA
END

S UB ROUTINE GENERATE_FILE(ENAME,OK,FILE_INCLUDE)
*
*      Based on the information contained in the buffers, this routine
*      generates the target outfile named after FNAME (the lst argument).
*      It returns a flag oK (2nd argument) which tells if the outfile is
*      created successfully. If an error is found in one of the buffers,
*      OK will be set to false; in that case, this routine will tell the
*      user about the screenrouffer number in which the error is found,
*      and then exit to the main menu.
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Calls: DEFINE_FORM, GET_MESSAGE, FU_BEEP, FU_DISPLAYMESSAGE
Called by: WRITE_DATA_TO_FILE

CHARACTER* (*) FNAME
CHARACTER TEMPSTR*50,ERR*34,CH,ECHOSTR*80,CCCC*4
LOGICAL OK,FILE_INCLUDE
INTEGERA10X10(10,10)
RTEGER
NBASIN,MNPDK,NPRODS,NUMREACHES,CURSOR,FU_DISPLAYMESSAGE
INTEGERF3_1,F3_2,F3_3,F4(5),F7(1:4),F8(1:5),F9(1:5),Flo_1,
& Fll_1,Fll(4:9)
REAL F3_4,F3_5.F3_6,Flo(2:7),Fll_2,Fll_3
REAL*8 F7R(5 :7),FBR(6:8),F9R(6:8)
REAL DELT,RATE ,AMRATE
CHARACTER BUF02*80,BUF03*36, BUF04(10)* 17, BUF05*171, BUF06*171,
&  BUF07(10)*781,  BUFO8*836, BUFO9*836,BUF10(10)*720,
&  BUFll(10)*597
coMMONreuF/ BUF02,BUF03 ,BUF04,BUF05,BUF06,BUF07,BUFO8,
& BUFO9,BUF10,BUFll

OK=.TRUE.
WRITE(77,'(A)') 'II-E) READ TITLE 0F TEE PROBLEM'
WRITE(77,'(A)') BUF02( 1 :LENGTHOF(BUF02))
WRITE(77,I(A)') 'II-F) READ NO. OF BASINS, NO. OF PROJ., NO.
&OF PERIODS, INTEREST RATES'
READ(BUF03,'(316,3F6.0)',ERR=100)NBASIN,MNPDK,NPRODS,DELT,
& RATE,AMRArrE
IF  (NBASIN.GT.0)
&WRITE(77,'(315,3F5.2)`) NBASIN.MNPDK,NPRODS ,DELT,RATE,AMRATE
OPEN(70,FILE='ECHOFILE',IOINTENT='INPUT',PAD='YES')

71    READ(70,'(A)',END=72) ECHOSTR
WRITE(77,'(A)') ECHOSTR(1 :LENGTHOF(ECHOSTR))
GO TO 71

72    CLOSE(UNIT=70)

IF (NBASIN.NE.0) WRI.TE(77,'(A)') 'II-G) READ NO. OF PROJECTS
&OF KIND J:I
DO 1=1,NBASIN
READ(BUF04(I),'(2X,513)',ERR=101)  (F4(II),II=1,5)
WRITE(77,'(615)')I,  (F4(II),II=1,5)
END DO

DO 1=1,10
DO J=1,10
A10X10(I,J)=O
END DO
END DO

K=1
READ(BUF05(K:K+8),'(313)',ERR=102)  11,12,13
DO WHILE (I1.NE.0)
IF  (I1.LE.10.AND.12.LE.10)  A10X10(I1,12)=13
K=K+9
READ(BUF05(K:K+8),'(313)',ERR=102)  11,12,13
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END DO

IF (NBASIN.NE.0)         WRITE(77,'(A)') 'II-H) READ NO. OF UNTREATED
&WATER IMPORT PROJECTS TO EACH BASIN'
DO I=1,NBASIN
DO J=1,NBASIN
WRITE(77,'(315)')  I,J,A10X10(I,J)
END DO
END DO

DO 1=1,10
DO J=1,10
A10X10(I,J)-0
END DO
END DO

K=1
READ(BUF06(K:K+8),'(313)',ERR=103)  11,12,13
DO WILE (I1.NI.0)
IF  (I1.LE.10.AND.12.LE.10)  A10X10(I1,12)=13
K=K+9
READ(BUF06(K:K+8),'(313)',ERR=103)  11,12,13
END DO

IF (NBASIN.NE.0)         WRITE(77,'(A)') 'II-I) READ NO. OF TREATED WATER
& PROJECTS TO EACH BASIN'
DO I=1,NBASIN
DO J=1,NBASIN
WRITE(77,'(315)')  I,J,A10X10(I,J)
END DO
ENDDO

DO I=1,NBASIN
DO J=0,18
K=3+41*J
TEMpsTR=BUF07(I)a{:K+40)
READ(TEMPSTR,'(313,15,F7.0,F13.0,F7.0)',ERR=104)
&  (F7(II),II=1,4),(F7R(II),II=5,7)
IF (F7(1).NE.0) THEN
IF (I.EQ.1.AND.J.EQ.0) WRITE(77,'(A)I) 'II-J) READ PARAME
&TERS OF WATER PRODUCTION PROJECTS IN EACH BASIN'
WRITE(77,'(515,Flo.2,Flo.0,Flo.2)')  I,F7(1),F7(2),
&F7(3),F7(4),(F7R(II),II=5,7)
END IF
END DO
ENDDO

DO J=0,18
K=1+44*J
TEMPSTR=BUFO8(K:K+43)
READ(TEMPSTR,'(413,15,F7.0,F13.0,F7.0)',ERR=105)
&  (F8(II),II=1,5),(FBR(II),II=6,8)
IF (F8(1).NE.0) THEN
IF (J.EQ.0)           WRITE(77,'(A)') 'II-K) READ UNTREATED WATER

Appendix   I 147



&IMPORT PROJECT PARAMETERS IN EACH BASIN'
WRITE(77,'(515,Flo.2,Flo.0,Flo.2)')  F8(1),F8(2),F8(3),

&F8(4),F8(5),(FBR(II),II=6,8)
END IF
END DO

DO J=0,18
K=1+44*J
TEMPSTR=BUFO9(K:K+43)
READ(TEMPSTR,'(413,15,F7.0,F13.0,F7.0)',ERR=106)
&  (F9(II),II=1,5),(F9R(II),II=6,8)
IF (F9(1).NE.0) THEN
IF (J.EQ.0)           WRITE(77,I(A)') 'II-L) READ TREATED WATER
& IMPORT PROJECT PARAMETERS IN EACH BASIN'
WRITE(77,'(515,Flo.2,Flo.0,Flo.2)')  F9(1),F9(2),F9(3),
&F9(4),F9(5),(F9R(II),II=6,8)
END IF
END DO

DO 1=1,NBASIN
DO J=0,15
K=3+45*J
TEMPSTR=BUF10(I)(K:K+44)
READ(TEMPSTR,'(13,6F7.0)',ERR=107)  Flo_1,(Flo(II),II=2,7)
IF (Flo_i.NE.0) THEN
IF  (I.EQ.1.AND.J.EQ.0)              WRITE(77,'(A)') 'II-M) READ DEM
&AND FOR TREATED & UNTREATED WATER IN EACH BASIN'
WRITE(77,'(215,F5.1,F5.2,F5.1,F5.2,2F5.0))')   I,
&F10_1,(Flo(II),II=2,7)
END IF
END DO
EroDO

IF (NBASIN.NE.0) WRITE(77,'(A)') 'II-N) READ SURFACE WATER REQU
& IREMENIS PARAMETERS FOR EACH BASIN'

DO I=1,NBASIN
NUREACHESsO
DO J=0,16
K=3+35*J
READ(BUFll(I)(K:K+2),'(13)',ERR=108)  Fll_1
IF (Fll_1.NE.0) NUMREACHES=NUMREACIIES+ 1
ENDDO
WRITE(77,'(215)') I,NUMREACHES
DO J=0,16
K=3+35*J
TEMPSTR=BUF11 (I)(K:K+34)
READ(TEMPSTR,'(13,2F7.0,613)',ERR=108)Fll_1,Fll_2,Fll_3,
&  (Fll(II),II=4,9)

C           IF (Fll(4).NE.0) Fll(4)=1
C     IF (Fll(5).NE.0) Fll(5)=2
C     IF (Fll(6).NE.0) Fll(6)=1
C     IF (Fll(7).NE.0) Fll(7)=2
C     IF (Fll(8).NE.0) Fll(8)=1
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C     IF (Fll(9).NE.0) Fll(9)=2
IF (Fll_1.NE.0) THEN
WRITE(77,'(215,2F10.3,815)I)  I,Fll_1,Fll_2,Fll_3,
&  (Fll(II),II=4,9)
END IF
END DO
END DO

C     READ srrREAM-AQUIFER PARAMETERS FROM A FILE.
IF (FILE_INCLUDE) THEN
WRITE(77,'(A)') '11-0) READ STREAM-AQUITER INTERACTION COEFF
&ICIENTS'
DO I=1,NBASIN

14    READ(19,'(A)',END=66) ECHOSTR
IF (ECHOSTR(1:1) .NE. ' I) GO TO 66
READ(BUF04(I) ,'(2X,513)',ERR= 101)  (F4(II),II= 1,5)
IF(F4(3).NE.0) WRITE(77 ,'(15,A)')I,ECHOSTR(1 :LENGTHOF(ECHOSTR))
GO TO 14
END DO
END IF

66   cONTrmE
WRITE(77,'(A)') 'END OF INPUT DATA'
GO TO 300

100       ERR(29:33)='03'
GO TO 200

101        ERR(29:31)='04.'
WRITE(ERR(32:33),'(12.2)')  I
GO TO 2cO

102       ERR(29:33)='05'
GO TO 2cO

103        ERR(29:33)='06'
GO TO 200

104       ERR(29:31)='07.'
WRITE(ERR(32:33),'(12.2)')  I
GO TO 2cO

105       ERR(29:33)='08'
GO TO 2cO

106       ERR(29:33)='09`
GO TO 200

107        ERR(29:31)='10.'
WRITE(ERR(32:33),'(12.2)')  I
GO TO 200

108        ERR(29:3l)='11.'
WRITE(ERR(32:33),'(12.2)')  I

200      CALLFU_BEEP
WRITE(ERR(1:28),'(A)') '***** ERROR FOUND IN SCREEN'
CALL DEFINE_FORM('FO')
CURSOR=FU_DISPLAYMESSAGE(`*****')
CURSOR=FU_DISPLAYMESSAGE(ERR)
CURSOR=FU_DISPLAYMESSAGE('*****')
CURSOR=FU_DISPLAYMESSAGE('PLEASE CORRECT TIIE DATA! ! ! ')
CURSOR=FU_DISPLAYMESSAGE(' ')
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CURSOR=FU_DISPLAYMESSAGE('HIT RETURN TO CONTINUE:')
CALL GET_MESSAGE(CURSOR,CH)
OK=.FALSE.

3 00     CONINIE
END

SUBROUTINEGET_MESSAGE(CURSOR,MSG)

Called by : MAIN, WRITE_DATA_TO_FILE, PROMFT_EXIT, GENERATE_FILE,
LOOP_EDIT, READ_DATA_FROM_FILE

CHARACTER*(*) MSG
INTEGER CURSOR,JUNK
CALL FU_MODFORM(JUNK)
CALL FU_GETMESSAGE(CURSOR,MSG,LEN(MSG))   A
CALL SRIPBLANKS (MSG)
END

SUBROUTINE LOOP_EDIT(J,EXIT_MAIN)

Parameters: J = fomi number.
EXIT_MAIN = flag:whether we want to exit to the main menu
right after this?
A same form may be displayed one for each basin so that users can edit
the basin's information corresponding to that form. Therefore we need
a loop here to edit such information. It will update BUF04, BUF07,
BUF10 0R BUFll.
Calls: DEFINE_FORM, PROMPT_EXIT, GET_MESSAGE, FU_PUTFORM,

FU_PUTFIELD,
*      FU_POSITION, FU_MODFORM, FU_GETFORM, FU_DISPLAYMESSAGE
*      Calledby: EDIT_CURENT_DATAj    *

IunLlclT NONE
INTEGER  I,J,K,L,N,M,II,JUNK,F4(5),KIND,MNPDK,STARTPOS,NPRODS,
& CURSOR,FU_DISPLAYMESSAGE
LOGICAL EXIT  MAIN
CHARACTERC-CC*3,TEMPSTR*2,CH3*3,CH
CHARACTER BUF02*80,BUF03*36, BUF04(10)*17, BUF05*171, BUF06*171,
& BUF07(10)*781, BUFO8*836, BUFO9*836, BUF10(10)*720,BUFl 1(10)*597
cOMMONrouFrouF02,BUF03,BUF04,BUF05,BUF06,BUF07,BUFO8,BUFO9,
&BUF10,BUFll

CCC='F   '
STARTPOS=2
READ(BUF03,'(216)',ERR=150)  N,MNPDK
IF (J.GE.10) THEN
WRITE(CCC(2:3),'(12)')  J
ELSE
WRITE(CCC(2:3),'(I1)')  J
END IF
CALL DEFINE_FORM(CCC)
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DO I=1,N
WRITE(TEMPSTR,'(12)') I
IF (J.EQ.4) THEN
CALL FU_PUTFORM(B UF04(I))
ELSE IF (J.EQ.7) THEN
READ(BUF04(I),'(2X,513)')  (F4(II),II=1,MNPDK)
CALL FU_PUTFORM(BUF07 (I))
K=O
DO KIND= 1,MNPDK
DO L=1,F4(KIND)
K=K+1
WRITE(CH3 ,'(13)')  KIND
CALLFU_PUTFIELD(7*K-5,CH3)
WRITE(CH3,'(13)')  L
CALL FU_PUTFIELD (7 *K-4 ,CH3)
END DO
END DO
STARTPOS=4
ELSE IF (J.EQ.10) THEN
CALL FU_PUTFORM(BUF 10(D)
READ(BUF03,'(12X,16)`)  NPRODS
DO L=1,NPRODS
WRITE(CH3,'(13)')  L
CALLFU_PUTFIELD(7*L-5,CH3)
END DO
STARr[PoS=3
ELSE IF (J.EQ.11) THEN
CALL FU_PUTFORM(BUF 11 (I))
END IF

CALLFU_PUTFIELD(1,TEMPSTR)
3      CURSOR=FU_DISPLAYMESSAGE(

& 'ENTER: TAB for next field,  GIRL-T for previous field,
& NEW-LINE to exit')
CALL FU_POSITION(STARTPOS)
CALL FU_MODFORM (JUNK)
CALL PROMPT_ExlTor,I, 1 *I)
IF (M.EQ.1) THEN
GO TO 30
ELSE
IF (J.EQ.4) TIIEN
CALL FU_GETFORM(BUF04(I))
ELSE IF (J.EQ.7) THEN
CALL FU_GETFORM(BUF07 (I))
ELSE IF (J.EQ.10) THEN
CALL FU_GETFORM(BUF 100))
ELSE IF (J.EQ.11) THEN
CALL FU_GETFORM(BUFll (I))
END IF
IF (M.EQ.2) GO TO 77
END IF
END DO
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GO TO 77
150       CALL FU  BEEP

CALL DEFlivE_FORM('FO')
CURSOR=FU_DISPLAYMESSAGE('***** ERROR FOUND IN SCREEN 03')
CURSOR=FU_DISPLAYMESSAGE('***** PLEASE CORRECT THE ERROR
&BEFORE PROCEEDING.')
CURSOR=FU_DISPLAYMESSAGE(' ')
CURSOR=FU_DISPLAYMESSAGE('HT RETURN TO CONTINUE :')
CALL GET_MESS AGE(CURSOR,CH)
M=2

77    EXIT_MAIN=(M.EQ.2)
END

s uB RouTINE NOLoOp_EDIT (I,EXIT_MAno
*
*      ToeditaformwithformnumberJ.
*      Parameters: see SUBROUTINE LOOP  EDIT
*      It will update BUF03, BUF05, BUF08l, BUFO8, BUFO9
*      Calls: DEFINE_FORM, PROMPT_EXIT, FU_PUTFORM, FU_MODFORM,

FU_PUTFIELD,
FU_POS ITION, FU_GETFORM, FU_DIS PLAYMES S AGE
called by: EDIT_CURENT_DATA

IrmLICIT NONE
INTEGER  I,J,N,M,JUNK,I 1,12,13 ,K,L,STARTPOS
LOGICAL EXIT  MAIN
CHARACTER*3-CCC,TEMPSTR*2,XXX,YYY,ZZZ
CHARACTER BUF02*80,BUF03*36, BUF04(10)* 17, BUF05*171, BUF06*171,
&BUF07(10)*781,  BUFO8*836,BUFO9*836,BUF10(10)*720,BUFll(10)*597
cOMMONrouFrouF02,BUF03,BUF04,BUF05,BUF06,BUF07,BUFO8,BUFO9,
&BUF10,BUFll
CCC-'F   '
STARTPOS=1
IF (J.GE.10) THEN
WRITE(CCC(2:3),'(12)')  J
ELSE
WRITE(CCC(2:2),'(I1)')  J
END IF
CALL DEFINE_FORM(CCC)
IF (J.EQ.3) THEN
CALL FU_PUTFORM(B UF03)
ELSE IF (J.EQ.5) THEN
CALL FU_PUTFORM03 UF05)
ELSE IF (J.EQ.6) THEN
CALL FU_PUTFORM(B UF06)
ELSE IF (J.EQ.8) THEN
sTARTposed
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CALL FU_PUTFORM(B UFO8)
1=0
K=1
READ(BUF05(K:K+8),'(313)')  11,12,13
DO WILE (I1.NE.0)
K=K+9
WRITE(XXX,'(13)')  11
WRITE(YYY,'(13)') 12
DO L-1,13
WRITE(ZZZ,'(13)') L
1=1+1
CALL FU_PUTFIELD(8*I-7, XXX)
CALL FU_PUTFIELD(8*I-6, YYY)
CALL FU_PUTFIELD(8*I-5, ZZZ)
END DO
READ(BUF05(K:K+8),'(313)')  11,12,13
END DO
ELSE IF (J.EQ.9) TIIEN
CALL FU_PUTFORM(B UFO9)
sTARTposal
1=0
K=1
READ(BUF06(K:K+8),'(313)')  11,12,13
DO WILE (I1.NE.0)
K=K+9
WRITE(XXX,'(13)')  11
WRITE(YYY,'(13)') 12
DO L=1,13
WRITE(ZZZ,'(13)')  L
1=1+1
CALL FU_PUTFIELD(8*I-7, XXX)
CALL FU_PUTFIELD(8*I-6, YYY)
CALL FU_PUTFIELD(8*I-5, ZZZ)
END DO
READ(BUF06(K:K+8),'(313)')  11,12,13
END DO
END IF

20    CALL FU_DISPLAYMESSAGE(
&'ENTER: TAB for next field,    CTRL-T for previous field,
& NEW-LINE to exit')
CALL FU_POS ITION(STARTPOS)
CALL FU_MODFORM(JUNK)
CALL PROMPT_EXIT(N,J,0)
IF (N.EQ.1) "EN
GO TO 20
ELSE
IF (J.EQ.3) THEN
CALL FU_GETFORM(BUF03)
ELSE IF (J.EQ.5) THEN
CALL FU_GETFORM(BUF05)
ELSE IF (J.EQ.6) THEN
CALL FU_GETFORM (BUF06)
ELSE IF (J.EQ.8) THEN
CALL FU_GETFORM(BUFO8)
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ELSE IF (J.EQ.9) TREN
CALL FU_GETFORM(BUFO9)
END IF
END IF
EXIT_MAIN=(N.EQ.2)
END

S UB RO UTINE READ_DATA_FROM_FILE
crlARACTERTEMpsTR*5o,FNAME*8o,cccc*4,cH
HrmGER
NBASIN,MNPDK,NPRODS,NUMREACRES,SuM_ur`ITREATED,SuM_TREATED
&  ,CURSOR,FU_DISPLAYMESSAGE,SGN,LINE
INTEGERF3_1,F3_2,F3_3,F4(5),F7(1:4),F8(1:5),F9(1:5),Flo_1,
&  Fll_1,Fll(4:9),NR(10)
REAL F3_4,F3_5,F3_6,Flo(2:7),Fll_2,Fll_3
REAL*8 F7R(5:7),FBR(6:8),F9R(6: 8)
REAL DELT,RATE , AMRATE
LOGICAL EX
CHARACTER BUF02*80,BUF03*36, BUF04(10)*17. BUF05*171, BUF06*171,
& BUF07(10)*781,  BUFO8*836,  BUFO9*836,BUF10(10)*720,BUFll(10)*597
coMMONrouFreuF02,BUF03,BUF04,BUF05,BUF06,BUF07,BUFO8,BUFO9,
&BUF10,BUFll
CALL INIT  BUFFERS
CALL DEFiivE_FORM( 'FO')

10    CURSOR=FU_DISPLAYMESSAGE('ENTER TEE INPUT FILENAME: ')
CALL GET_MESS AGE(CURS OR,FNAME)
OPEN(77,FILE=FNAME,IOINTENT='INPUT',PAD='YES')

12    READ(77,'(A4)',END=333)  CCCC
IF (CCCC.EQ.'II-E') GO TO  13
IF (CCCC.EQ.'II-F') GO TO  101
IF (CCCC.EQ.'II-G') GO TO  102
IF (CCCC.EQ.'II-H') G0 TO  103
IF (CCCC.EQ.'II-I') GO TO  104
IF (CCCC.EQ.'II-J') GO TO  105
IF (CCCC.EQ.'II-K') GO TO  106
IF (CCCC.EQ.'II-L') GO TO  107
IF (CCCC.EQ.'II-M') GO TO  108
IF (CCCC.EQ.'II-O') GO TO  109
IF (CCCC.EQ.'II-N') GO TO  110
IF (CCCC.EQ.` ') G0 TO  12
BACKSPACE(77)
READ(77,'(A)') ECHOSTR
WRITE(*,*) '<207>ERROR: UNKNOWN COMMAND:'
WRITE(*,*) ' '/recHOsTR
WRITE(*,*) '<207>ERROR: UNKNOWN SYMBOL ---',CCCC
WRITE(*,*) 'HT ENTER TO CONTINUE...'
READ(*,'(A)') ECHOSTR
GO TO 333

13    READ(77,'(A)',END=333)  BUF02
GO TO 12
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101       READ(77,*,END=333) NBASIN,MNPDK,NPRODS,DELT,RATE,AMRATE
WRITE(BUF03,'(316,F6.1,2F6.2)')  NBASIN,MNPDK,NPRODS,DELT,
& RATE,AhRATh
GO TO 12

102       DOI=1,NBASIN
READ(77,'(5X,515)',END=333)  (F4(II),II=1,5)
WRITE(BUF04(I),'(2X,513)')  (F4(II),II=1,5)
END DO
GO TO 12

103       SUM_UNTREATEDsO
K=1
DO I=1,NBASIN
DO J=1,NBASIN
READ(77,'(lox,15)',END=333)  13
IF (13.NE.0) THEN
SuM_ur`ITREATED=SUM_ur`ITREATED+13
WRITE(BUF05(K:K+8),'(313)')  I,J,13
K=K+9
END IF
END DO
END DO
GO TO 12

104       SUM  TREATED=O
K=1
Do I=i ,rueASIN
DO J=1,NBASIN
READ(77,'(lox,15)',END=333)  13
IF (13.NI.0) THEN
SUM  TREATED=SUM  r[REATED+]3
WRITE(BUF06(K:K+8T,'(313)')  I,J,13
K=K+9
END IF
END DO
Ere DO
GO TO 12

105         1=1
DO WIHLE (I.LE.NBASIN)
J=I
K=3
READ(77,'(515,3F10.0)',END=333,ERR=99)  IBSN,F7(1),F7(2),F7(3)
&  ,F7(4).(F7R(II),II=5,7)
DO WHILE (msN.EQ.J)
WRITE(BUF07(I)(K:K+40),`(313,15,F7.2,F13.0,F7.2)')
&  (F7(II),II=1,4),(F7R(II),II=5,7)
K=K+41
READ(77,'(515,3F10.0)',END=333,ERR=99)  IBSN,F7(1),F7(2),
&F7(3),F7(4),(F7R(II),II=5,7)
END DO

99    BACKSPACE(77)
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1=1+1
END DO
GO TO 12

106        K=1
DO 1= 1,SUM_UNTREATED
READ(77,'(515,3F10.0)',END=333)  (F8(II),II=1,3),F8(4),F8(5),
&  (FBR(II),II=6,8)
WRITE(BUFO8(K:K+43),`(413,15,F7.2,F13.0,F7.2)')
&  (F8(II),II=1,5),(FBR(II),II=6,8)
K=K+44
ENDDO
GO T0 12

107        K=1
DO1=1,SUM_TREATED
READ(77,'(515,3F10.0)',END=333)  (F9(II),II=1,3),F9(4),F9(5),
&  (F9R(II),II=6,8)
WRITE(BUFO9(K:K+43),'(413,15,F7.2,F13.0,F7.2)')
&  (F9(II),II=1,5),(F9R(II),II=6,8)
K=K+44
END DO
GO TO 12

108         1=1
Do wmLE (I.LE.NBASIN)
J=I
K=3
READ(77,'(215,6F5.0)',END=333,ERR=59)
&  IBSN,Flo_1,(Flo(II),II=2,7)
DO WIELE (IBSN.EQ.J)
WRITE(BUF10(I)(K:K+44),'(13,6F7.2)')  Flo_1,(Flo(II),II=2,7)
K=K+45
READ(77,'(215,6F5.0)',END=333,ERR=59)
&  IBSN,Flo_1,(Flo(II),II=2,7)
END DO

59    BACKSPACE(77)
1=1+1
ENDDO
GO TO 12

109       READ(77,'(A4)',END=333)  CCCC
IF (CCCC(1:1).NE.' ') GO TO  13
GO TO 109

110       DOI=1,NBASIN
READ(77,`(215)',END=333)  IBSN,NR(IBSN)
K=3
DO J=1,NR(i)
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READ(77,'(5X,15,2F10.0,615)',END=333)  Fll_1,Fll_2,Fll_3,
&  (Fll(11),11=4,9)
WRITE(BUFll(I)(K:K+34),'(13,2F7.2,613)')  Fll_1,Fll_2,
&  Fll_3,(Fll(11),11=4,9)
K=K+35
END DO
END DO

GO TO 12
333       CLOSE(UNIT=77)

END

FUNCTION SGN(N)
INTEGER SGN,N
IF (N.GT.0) THEN
SGN=1
ELSE
SGN=O
END IF
RETURN
END

SUBROUTINE INIT  BUFFERS

initialize all buffers to blanks
Called by: ENTER_NEW_DATA, READ_DATA_FROM_FILE

CHARACTER BUF02*80,BUF03*36, BUF04(10)*17, BUF05*171, BUF06*171,
&BUF07(10)*781, BUFO8*836,  BUFO9*836, BUF10(10)*720,BUFll(10)*597
coMMONrouFreuF02,BUF03,BUF04,BUF05,BUF06,BUF07,BUFO8,BUFO9,
&BUF10,BUFll
BUF02='  I
BUF03='   I
BUF05='   '
BUF06='   I
BUFO8='   '
BUFO9-'  '
DO 1=1,10
BUF04(I)='  '
BUF07(I)-'  '
BUF10(I)='  '
BUFll(I)='  '
END DO
END

SUBROUTINE COPYSCREEN(FN,BN)
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Creates a datasensitive file containing the formavinformation of the
current screen.
FN: The number corresponding to the form displayed on the screen.
Fl thru Fll.
BN: The basin number. 0 if not applicable. If one screen of the
same fomi is used for each basin (eg: form F7), BN > 0.
The out|)ut filename of this routine will be:
The two digit FN ifBN=0             (eg: 03, 05)
Or
The two digit FN followed by .YY where YY is the two digit
BN              (eg:  07.02,10.01)

CHARAOuR* 5 0UTF
INTEGER EN,BN
OUTF='  I
WRITE(OUTF(1:2),'(12.2)')  FN
IF (BN.GT.O) THEN
OUTF(3:3)='.'
WRITE(OUTF(4:5),'(12.2)I)  BN
END IF
CALL FU_COPYS CREEN(OUTF)
END
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****************************************************
*  PROGRAM : WATER  PLAN  MOD
*              VERSION 3.0
*
* THS PROGRAM IS A LINEAR-INTEGER pROGRAr\4MING MODEL
* WHICH SEEKS TO MININIZE CC PLUS OMR OF MULH-BASIN
* & MULTI-PROJECT WATER RESOURCES SYSTEMS SUBJECIT TO:
*
*
*
*
*
*

1) PROJECT INITIATION
2) PROJECT LIMITATION
3) TREATED WATER DEMAND
4) TOTAL WATER DEMAND
5) MINIMUM STREAM FLOW REQUREMENT

*
* TEE PROJECTS WrrHCH MAY BE CONSIDERED ]N EACH BASIN
* ARE:
*
*
*
*
*
*
*
*

1) INSTREAM DIVERSIONS
2) SURFACE RESERVOIRS
3) WELL FIELDS
4) DES ALINIZATION PROJECTS
5) WATER TREATMENT PLANTS
6) TREATED WATER IMPORTS AND EXPORTS
7) UNTREATED WATER IMPORTS ANI) EXPORTS

*
* NAME OF CONSTRAINTS:
*
*   1) IDDbtnn: initiation constraint to build diversion
*               dam nn in basin b at time period t.
*
*  2) IRsbtnn: initiation constraint to build reservoir
*                nn in basin b at time period t.
*
*  3) IWFbtnn: initiation constraint to bund well field
*                nn in basin b at time period t.
*
*  4) IDpbtrm: initiation c;nstriant to build
*                desalinization plant nn in basin b at
*                time period t.
*
*  5) ITpbtnn: initiation constraint to build treament
*                plant nn in basin b at time period t.
*
*  6) Iulabtnn: initiation constraint to import
*                 untreated water from basin b to basin
*                 a through project nn during period t.
*
*  7) ITlabtnn: initiation constraint to import treated
*                 water from basin b to basin a through
*                 project nn during period t.
*
*  8) LDDbtnn: project limitation constraint for
*                diversion dam nn in basin b at time
*                period t.
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C*
c       *  9) LRsbtnn: project limitation constraint for
C       *                reservoir nn in basin b at time period
C*t.
C*
C       *  10) LDpbtnn: project limitation constraint for
C       *                decalinization plantnn in basin b at
C       *                timeperiodt.
C*
C       * 11) LWFbtnn: project limitation constraint for well
C       *                filed nn in basin b at time t.

C       * 12) LTpbtnn: project limitation constraint for treat-
C       *                mentnninbasinbattimeperiodt.

C      *  13) Lulabtnn: projrct limitation constraint for un-
C      *                treated water import project nn from
C       *                 basinbtobasinaattimeperiodt.

C       * 14) LTlabtnn: project limitation constraint for
C      *                treated water import project nn from
C       *                 basin btobasin a attimeperiodt.

C      * 15) DTwat : demand for treated waterin basin aduring
C       *               periodt.
C*
C      * 16) DToat : demand for total waterin basin a during
C       *               periodt.

C       * 17) SFLbtr: minimum stream flow requirement of stream
C       *              reachrin basin bduringtimeperiodt.

C      *NAMEOFVARIABLES:

C       * 1) DDDbtnn: 0-1 decision variable to build diversion dam
*               nn in basin b at time period t.
*

C       * 2) DRsbtnn: 0-1 decision variable to build reservoir
*               nn in basin b at time period t.
*

C      * 3) DWFbtnn: 0-1 decision variable to build well field
C       *               nninbasinbattimeperiodt.
C*
C       * 4) DDpbtnn: 0-1 decision variable to build desali-
C       *              nizationplantnninbasin battime
C       *               periodt.
C*
C      * 5) DTpbtnn: 0-1 decision variable to build treatment
C       *              plantnninbasinbattimeperiodt.

C      * 6) Dulabtnn: 0-1 decision variable to import untreated
C       *                water through projectnn from basin b to
C       *                basinaattimeperiodt.
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C       * 7) DTlabtnn: 0-1 decision variable to import treated
C       *               water through projectnn from basin b to
C       *                basinaattimeperiodt.

C       * 8) QDDbtnn : decision variable to divert water from the
C       *                nn-th diversion dam in basin b during time
C       *                periodt.
C*
C      * 9) QRsbtnn : decision variable to divert water from the
C       *                nn-th reservoir in basin b during time
C       *                periodt.
C*
C      *10) QWFbtnn : decision variable topump water from the
C       *                nn-th well field in basin b during time
C       *                periodt.

C       *11) QDpbtnn : decision variable to process water in the
C       *                nn-th desalinization plant in basin b

*                during time period t.
*

C       *12) QTpbtnn : decision variable to prcess water in the
C       *               nn-th treatmentplant in basin b during
C       *               timeperiodt.

C      *13) Qulabtnn : deeision variable to import untreated
C      *                 waterfrombasinbtobasin athrough
C       *                nnth projectduring timeperiod t.

C      *14) Q'ITabtnn : decision variable to import treated
C       *                 waterfrombasin btobasin athrough
C       *                nnth projectduring time period t.

C      * The authors of this program have checked its integrity
C       * as much as possible. Howeverdue to the existing
C      * limitations chances are that some particular loops have
C       * not been accessed by the test data. Therefore, the user
C       * is cautioned to check the results carefully.
C*
c      * FORMOREINFORMAHONcoNTAor:

C       *1)   DR.M.HEIDARI
C       *        KANSAS GEOLOGICAL SURVEY
C      *        UNIVERSITYOFKANSAS
C       *         1930 CONSTANT AV.
C       *        LAWRENCE.KS. 66046
C       *         USA,PH:(913) 864-3965

C       *3)   MR.N.SHAUKAT
C      *        KANSAS GEOLOGICAL SURVIY
C       *        THE UNIVERSITY OF KANSAS
C       *         1930 CONSTANT AV.
C       *        LAWRENCE,KS. 66046
C       *         USA,PH:(913)  864-3965

2)     DR. T. MADDOCK,HI
DEFT. OF I.IYDROLOGY
UNIVERSITY OF ARIZONA
TUCSON , AZ.  85718
USA, PH:(602) 621-7115

****************************************************
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C
C MAIN PROGRAM
C------------
C
C
C

C
C
C

C
C
C

C
C

OPEN I/0 FILES

CALL IOFILES

READ IN DATA, AND DO PRELIMINARY PROCESS

CALL IN  DATA

SET UP MATRIX FOR OPTIMIZER

CALL RATTex

S CALE MATRIX FOR OPT"IZER
C

CALL SCALER
C

STOP
END
SUBROUTINE  IOFILES

C-------------------
C        ****************************************************
C       * I ) : THIS SUBROUHNE OPENS ALLVOFILES USED.
C*
C       *               I/OFILES:

C       *               FILE 15: CONTAINS ALLINPUTDATA
C      *               FILE 16: CONTAINS OUTPUT DATA
C      *              FILE 17 : Cor`ITAINS uNScALED MATRlx
C      *               FILE 18 : CONTAINS SCRATCH MATRIX DATA
C      *               FILE 19: CONTAINS SCALED MATRIX USED BY
C      *               LIND O
C
C

C
C
C

****************************************************

CHARACTER*32 FILE15, FILE16, FILE17, FILE18, FILE19

INITIAL VO FETE NAMES

FILE15='PLAN  MOD  IN  DATA'
FILE16='PLAN=MOD=OU-T_DATA'
FILE17='PLAN_MOD_OUT_MATRIX'

T[HSE FILES Wr]LL BE OPEN IN SCALER SUBRoUT[NE [F NECESSARy

FILE18='MATRIX_SCRATCH'  :open in sealer
FILE 19='PLAN_MOD_S CALED_MATRIX' open in sealer

OPEN FILES

C THE FOLLOVING OPEN STATERENTS ARE MACIHNE DEPENDENT AND ARE
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C WRrr[TEN FOR DATA GENERAL MV20000. THE USER MAY HAVE TO C[±ANGE
C THESE TO MAKE TIHM COMPATIBLE WITH THE EXISTING MACHINE.
C
C

OPEN(15,FILE=FILE15,IOINTENT='INPUT',PAD='YES')
OPEN(16,FILE=FILE16,IOINTENT='OUTPUT',STATUS='FRESH')
OPEN(17,FILE=FILE17,IOINTENT='OUTPUT',STATUS='FRESH')

C
RETURN
END
SUBROUTTNE IN  DATA

*****************************************************
* 11 ) : THS SUBROUTINE READS ALL THE INPUT DATA
*         FROM FILE 15.
*****************************************************

REAL*8 LINE(16)/13*' -------- ',3*'           '/
CHARACTEREXIST*3,PROJK(5)*10,ANSWER*1
COMMON/C01ROW(17),COL(14),BASIN(10)
CoMMON/Co2/ITrLE(2o)
COMMON/C03INPROJ(10,10),NUWIP(10,10),NTWIP(10,10)
COMMON/C04AIFE(10,10,10),YIELD(10,10,10),CC(10,10,10)
COMMON/C05/OMR(10,10,10),IFLAG(10,10,10)
COMMON/C06ffuIP(10,10,10),LFUIP(10,10,10),YLDUIP(10,10,10)
COMMON/C07/CCUIP(10,10,10),OMUIP(10,10,10),CUWIP(10,10,10)
COMMON/CO8AFTIP(10,10,10),LFTIP(10,10,10),YLDTIP(10,10,10)
COMMON/CO9/CCTIP(10,10,10),OMTIP(10,10,10),CTWIf(10,10,10)
COMMON;cioroTWATR(io,io),PLTWTR(io,io),PTTWD(io,io)
COMMON/CllDUWATR(10,10),PLUWTR(10.10),PTUWD(10,10)
COMMON/C12/NRMF(10),FLOWIN(10,10),FLOWOT(10,10),
&NPLNR(10,10,10)
COMMON/C13ITCAP(10),CAP(10,10,10)
COMMON/C14/AFC(10,10,10),AFCUIP(10,10,10),AFCTIP(10,10,10)
COMMON/ci5resA(io,io,io),NWFLD(io)
COMMON/C16DTWPPP(10,10),DUWPPP(10,10),TWDPPP(10,10)
COMMON/C17/NBASIN.NPRODS,AMRATE,DELT,MNPDK,RATE,RTPRI)
CHARACTER*4 TLINE(20)

C
C II-A ):INITIALIZE ABREVIATIONS FOR ROW NAMES
C

DATA  ROW/`IDD','IRS','IWF','IDP','ITP','IUI','ITI',
&'LDD','LRS','LWF','LDP','LTP','LUI','LTI',

&'DTW','DTO','SFL'/
C
C 11-8 ):INITIALIZE ABREVIATIONS FOR COLUMN NAMES
C

DATA  COL/DDD',`DRS','DWF','DDP','DTP','DUI','DTI',
&'QDD','QRS','QWF','QDP','QTP','QUI`,'QTI'/

C
C II-C ):INITIALIZE ABREVIATI0NS FOR BASINS :
C

DATA   BASIN/'A','B','C','D','E','F','G','H','I','J'/
C
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C II-D ):INITIALIZE ABREVIATIONS FOR DIFFERENT KINDS OF PROJECTS
C

DATA PROJK/'DIVERSION-','RESERVOIR-','AQUIFER-',
&'DESALINIZ-','TREATMENT-I/

10READ(15,1000)TLINE
IF(TLINE(1).EQ.'II-E')GO TO  15
IF(TLINE(1).EQ.'II-F')GO TO 20
IF(TLINE(1)
IF(TLINE(l)
IF(TLINE(1)
IF(TLINE(1)
IF(TLINE(1)
IF(TLINE(1)

EQ.'II-G')GO TO 25
EQ.'II-H')GO TO 45
EQ.'H-I')GO TO 55
EQ.'II-J')GO TO 65
EQ.'II-K')GO TO 110
EQ.'II-L')GO TO  145

IF(TLINE(1).EQ.'II-M')GO TO 180
IF(TLINE(1).EQ.'II-N')GO TO 205
IF(TLINE( 1).EQ.'II-O')GO TO 230
IF(TLINE( 1 ).EQ.'END ')RETURN

C
C II-E ):READ TTrLE oF TTIE PROBLEM :
C

15READ(15,loco)HTLE
WRITE(16,2000)TITLE

2!f)coFcfiRNiArlu/i|:2ffx:2f)A!4)
GO TO 10

C
C II-F ) : READ NBASIN : NO. OF BASINS ,
C                MNPDK : MAXIMUM NO. OF PROJECTS,
C                NPRODS : NO. OF TIME PERIODS IN THS ANALYSIS,
C                DELT : LENGTH OF EACH TIME PERIOD cfRS),
C                RATE : INTEREST RATE,
C               AMRATE : INTEREST RATE FOR AMORTIZATION.
C

20READ(15,1010)NBASIN,MNPDK,NPRODS,DELT,RATE,AMRATE
C
C CONVERT INTEREST RATE PER YEAR TO n`ITEREST RATE PER rlThm
C   RTPRI)=(1.+RATE)**DiLT-1.

G0 TO 10
C
C II-G ) : READ
c          NPROT(IB,I) : NO. OF WATER PRODuclNG PROTEors oF

KIND J:
J=1 : NO. OF DIVERSION DAMS
J=2 : NO. OF SURFACE RESERVOIRS
J=3 : NO. OF WELL FIELDS
J=4 : NO. OF DESALINIZATION PLANTS
J=5 : NO. OF WATER TREATMENT PLANTS

25 DO 30 I=1,NBASIN
READ(15,1015)IB,(NPROJ(IB,J),J=1,MNPDK)

30 CONTINUE
C
C INITIALIZE TEE STREAM_AQUIFER COEFFICIENTS ;
C
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DO 40 IB=1,NBASIN
IF(NPROJ(IB,3).EQ.0)GO TO 40
NPIBK3=NPROJ(IB,3)
DO 35 IP=1,NPIBK3
DO 35 IT=1,NPRODS
BSA(IB'IP'IT)=0.

35 CONTINUE
40 CONHNUE

GO TO 10

READ NO. OF ur`ITREATED WATER IMpORTs To EACH BASIN:
181 : TIIE IMPORTING BASIN,
IBE : THE EXPORHNG BASIN,
Nuwlp : NO OF un`ITREATED WATER "pORT pROTECTs ,

45 DO 50 IB=1,NBASIN
DO 50 JB=1,NBASIN
READ(15,1015)IBI,IBE,NUWIP(IBI,IBE)

50 CONTINUE
GO T0 10

C 11-I ) : READ NO. OF TREATED WATER IMPORTS TO EACH BASIN
C             IBI : TIRE IMPORTING BASIN,
C             IBE : THE EXPORTING BASIN,
C             P`ITWIP: NO. OF TREATED WATER IMPORT PROJECTS.
C

55 DO 60 IB=1,NBASIN
DO 60 JB=1,NBASIN
READ(15,1015)IBI,IBE,NTWIP(IBI,IBE)60CO-E
GO TO 10

C
C II-J ) : READ PARAMETERS OF WATER PRODUCING PROJECTS IN
C           EACH BASIN
C             IB : BASIN NO.,
C            K : PROJECT KIND,
C            N: NO. ASSOCIATED WITH PROJECT OF KIND K,
C           LIFE : ECONOMIC LITE OF N-TH PROJECTION cfRS),
C            YIELD : YIELD OF N-TH PROJECT IN (MGD),
C            CC : CAPITAL COST OF N-TH PROJECT (S),
C            OMR :UNIT COST OF OPERATION OF N-TH PROJECT:(SAIG)
C            IFLAG :FLAG INDICATING WHETHER N EXISTS (0,1)
C

65 DO 80 I=1,NBASIN
DO 75 J=1,MNPDK
NPKJ=NPROJ(I,J)
IF(NPKJ.EQ.0)GO TO 75
DO 70 NP=1,NPKJ
READ(15,1020)IB,K,N,IFLAG(IB,K,N),LIFE(IB,K,N),

&YIELD(IB,K,N),CC(IB,K,N),OMR(IB,K,N)
70 CONTINUE
75 CONINUE
80 CONINIE

PAMR=AMRATE*100.
C
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C WrRITE TABLE OF WATER PRODUCING PROJECTS PARAMETERS
C

WRITE(16,2020)DELT,PAMR,DELT
2o2O FORMAT(///, lox,`suMMARy OF pRO]Eor pARAMETERs USED IN`,

&' THIS PLANNING ANALYSIS',/22X,'WATER PRODUCTION ',
&'PARAMETERS'//25X,'PROJECT',14X,'YIELD OVER',4X,
&'FIXED',4X.'ANNUAL FKED   OPERATING',14X,'TOTAL YIELD'/,
&5X,'BASIN',5X,'PROJECT     LIFE      YIELD      T"E',

&'  PERIOD',4X,'COSTS',5X,'COSTS  AT',7X,'COSTS',4X,
&'PROJECT',5X,'OVER TIME PERIOD',/,

&16X,'KIND',6X,'(YRS)',4X,'(MGD)',6X,'(',F3.1,
&'  YRS)',15X,'(',F3.1,'  7o)',7X,'(PER  MG)',2X,'EXISTING?',

&6X,'('.F3.1,'  YRS)')
C
C CONVERT UNITS AND CALCULATE ANNUAL FIXED COSTS OF PROJECTS
C

DO 105 IB=1,NBASIN
TCAP(IB)=0.
DO 100 K=1,MNPDK
IFOVPROJ(IB,K).EQ.0)GO T0 100
NPIBK=NPROJ(IB,K)
DO 95 N=1,NPIBK

C
C CALCULATE ANNUAL COST OF N-TH PROJECT
C

NIB=IB
NK=K
NN=N
NIBE=O
CALL ANCOSTOuB ,NK,NN,NIB E)

C
C Cor`IVERT YIELD FROM MGD To MG PER pLAr`INING PERIOD
C

CAp(in,K,N)=¥IELD(IB,K,N)*365.*DELT
IF(K.EQ.5)GO TO 90

C
C SUM CAPACITHs oF pROTECTs ExcLUDING oF TREATMEr`IT PLANTS
C FOR EACH BASIN.
C

TCAP0B)=TCAP(IB)+CAP(IB,K,N)
90 EXIST=' NO'

IF(IFLAG(IB,K,N).EQ.1)EXIST='YES'
WRITE(16,2025)BASIN(IB),PROJK(K),N,LIFE(IB,K,N),
&YIELD(IB,K,N),CAP(IB,K,N).CC(IB,K,N),AFC(IB,K,N),

&OMR(IB,K,N),EXIST
2025  FORMAT(7X,A1,5X,A10,12.14,5X,F6.2,2X,Flo.0,2X,Fll.0,

&3X,Fll.0,1X,F9.2,6X,A3)
95 CONTINUE
100 CONTHWE

WRITE(16,2030)TCAP¢B)
2030 FORMAT(I  `,105X,F12.0/0
105 CONTINIE

GO TO 10
C
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C II-K ): READ UNTREATED WATER "PORT ROJECT PARAMETERS IN
C          EACH BASIN :
C         IBI: NO. OF BASIN IMPORTING UNTREATED WATER
C         IBE: NO. OF BASIN EXPORTING UNIREATED WATER
C         N: NO. ASSOCIATED WITH TIH PROJECT
C          IFUIP : FLAG INDICATING N-TH PROJECT EXISTS OR NOT
C                      (0,1)
C         LFUIP: ECONOMC LIFE OF TEE N-TH PROJECT
C         YLDUIP: YIELD OF TIH N-TH PROJECT IN (MGD)
C          CCUIP : CAPITAL COST OF N-TH PROJECT (S)
C         OMUIP : UNIT COST OF OPERATION OF N-TH PROJECT (S"G)
C

110 DO  125 I=1,NBASIN
DO 120 J=1,NIASIN
IF(NUWIP(I,J).EQ.0)GO TO 120
NPK6=NUWIP(I,J)
DO 115 NP=1,NPK6
READ(15,1020)IBI,IBE,N,IFUIP(IBI,IBE,N),LFUIP(IBI,IBE,N),

&YLDUIP(IBI,IBE,N),CCUIP(IBI,IBE,N),OMUIP(IBI,IBE,N)
115 CONTINUE
120 CONTHWE
1 25 cONInurE

C
C WRITE TABLE OF UNTREATED WATER IMPORTS
C

WRITE(16,2035)DELT,PAMR
2035 FORMAT(///,lox,'SUMMARY OF PROJECT PARAMETERS USED IN',

&' THS PLANNING ANAL¥SIS',/22x,'ur`ITREATED WATER IMpoRT',
&' PARAMETERS'//22X,'PROJECT',9X,'YIELD OVER',lox,
&`Ar`INUAL FlxED','   opERATING'/,6x,'BASIN',12x,

&'LIFE      YIELD  TIME PERIOD  FIXED',4X,'COSTS AT'
&,6X, 'COSTS ',7X,'PROJECT'/,1X,'IMPORTING EXPORTING',
&3X,'(YRS)`,3X,'(MGD)',3X,'(',F3.1,'  YRS)',3X,'COSTS',

&7X,'(',F3.1,'  %)',4X,'(PER MG)',2X,'EXISTINGING  ?'0
WRITE(16,2021)LINE

2021  FORMAT('+',16A8)    ,
C
C CONVERT UNITS AND CALCULATE ANNUAL FIXED COSTS OF PROJECTS
C

DO 140 IBI=1,NBASIN
DO 135 IBE=1,REASIN
IF(IBI.EQ.IBE.OR.NUWIP(IBI,IBE).EQ.0)GO TO  135
NPIBK6=NUWIP(IBI,IBE)
DO 130 N=1,NPIBK6

C
C CALAULATE ANNUAL COSTS OF N-TH PROJECT OF KIND K=6
C

EXIST=' NO'
IF(IFUIP(IBI,IBE,N).EQ.1)EXIST='YES'

NIBI=IBI
K=6
NN=N
NIBE=BE
CALL ANCOST(NIBI,K,NN,NIBE)
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CUWIP(IBI,IBE,N)=365.*DELT*YLDUIP(IBI,IBE,N)
WRITE(16,2040)BASIN(IBI),BASIN(IBE),N,LFUIP(IBI,IBE,N),

&YLDUIP(IBI,IBE,N),CUWIP(IBI,IBE,N),
&CCUIP(IBI,IBE,N),AFCUIP(IBI,IBE,N),OMUIP(IBI,IBE,N)

&,EXIST
2040  FORMAT(5X,A1,8X,A1,'-',I1,7X,13,4X,F6.2,1X,Flo.0,

&F11.0,Fll.0,2X,F9.2,5X,A4)
130 CONTINUE
135 CONTINUE
140 cONTrmE

GO TO 10
C
C ]]_L ,: READ TREATED WAr[ER IMPORT PRO,ECT PARAMETERS
C          IN EACH BASIN
C         IBI: NO. OF BASIN IMPORTING TREATED WATER
C         IBE: NO. OF BASIN EXPORTING TREATED WATER
C         N : NO. ASSOCIATED WTIH THE PROJECT
C          IFTIP : FLAG INDICATING N-TH PROJECT EXISTS (0,1)
C         LFTIP : ECONOMIC LIFE OF THE N-TH PROJECIT
c         yLDTTp : ylELD OF THE N-TH PRO]ECIT orGD)
C         CCIIP : CAPITAL COST OF N-TH PROJECT (S)
C         OMTIMP : UNIT COST OF OPERATION OF N-TH PROJECT(S)
C

145 DO 160 I=1,NBASIN
DO 155 J=1,NBASIN
IF(NTWIP(I,J).EQ.0)GO TO 155
NPK7=NTVIP(I,J)
DO 150 NP=1,NPK7
READ(15,1020)IBI,IBE,N,IFTIP(IBI,IBE,N),LFTIP(IBI,IBE,N),

&YLDTIP(IBI,IBE,N),CCTIP(IBI,IBE,N),OMTIP(IBI,IBE,N)
150 cONTrmE
155 CONTINUE
160 cONTrmE

C
C WRITE TABLE OF TREATED WATER INIORTS
C

WRITE(16,2045)DELT,PAMR
2o45 FORMAT(///, lox,'suMMARy OF pROTEor pARAMETERs USED IN',

&' THIS PLANNING ANALYSIS'/22X,'TREATED WATER IMPORT',
&' PARAMETERS'//22X,'PROJECT',9X,'YIELD OVER',lox,
&'ANNUAL FrxED','   OpERATING'/,6x,'BAslN', i2x.

&'LIFE     YIELD  TIME PERIOD  FIXED',4X,'COSTS AT'
&,6X,'COSTS ',7X,'PROJECT'/,1X,'IMPORTING EXPORTING',
&3X,'(YRS)',3X,'(MGD)',3X,'(',F3.I,'  YRS)',3X,'COSTS'.

&7x,'(',F3. 1 ,'  qro)',4x,'(PER  MG)',2x,'ExlsTINGING  ?'0
WRITE(16,2021)LINE

C
C CONVERT UNITS AND CALCULATE ANNUAL FIXED COSTS OF PROJECTS
C

DO 175 IBI=1,NBASIN
DO 170 IBE=1,NBASIN
IF(IBI.EQ.IBE.oR.NTwlp(IBI,nBE).EQ.o)Go To 17o
NPIBK7=NTWIP(IBI,IBE)
DO 165 N=1,NPIBK7
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C
C CALAULATE ANNUAL COSTS OF N-TH PROJECT OF KIND K=7
C

EXIST=' NO'
IF(IFTIP(IBI,IBE,N).EQ.1)EXIST='YES'

NIBI=IBI
K=7
NN=N
NIBE=IBE
CALL ANCOST(NIBI,K,NN,NIB E)
CTWIP(IBI,IBE,N)=365.*DELT*YLDTIP(IBI,IBE,N)
WRITE(16,2040)BASIN(IBI),BASIN(IBE),N,LFTIP(IBI,IBE,N),

&yLDTlp(IBI.IBE,N),cTwlpaBI,IBE,Nt,
&CCTIP(IBI,IBE,N),AFCTIP(IBI,IBE,N),OMTIP(IBI,IBE,N)
&,EXIST

165 coNTrmE
170 CONTINUE
175 cONTHurE

GO TO 10
C
C II-M ): READ DEMANDS FOR TREATED & UNTREATED WATER IN BASIN:
C          IB: NO. OF BASIN
C         IT: TIME PERIOD
C         DTWATR : DEMAND FOR TREATED WATER IN 0v4GD)
C         PLTWTR : PERCENT LOSS OF TREATED WATER (DECIMAL)
c        DuwATR : DERAND FOR UNTREATED WATER IN orGD)
C         PLUWTR : PERCENT LOS S OF UNTREATED WATER @ECIMAL)
c        pTTve  : PERCENT TOTAL TREATED WATER DEMAND TO BE
C                   SATISFIED (DECIMAL)
c        pTt]vro  : PERCENT TOTAL UNrREATED WATER DEMAND TO BE
C                  SAHSFIED a)ECIMAL)
C

180 DO 185 I=1,NBASIN
DO 185 IP=1,NPRODS
READ(15,1025)IB,IT,DTWATRaB,IT),pLTwlROB,IT),
&DUWATR(IB,IT),PLUWTR(IB,IT),
&P'ITWD(IB,IT),PTUWD(IB,IT)

185 CONTINUE
C
C WrRrlE WATER DEMAND TABLE FOR EACH YEAR
C

WRITE(16,2050)
2050 FORMATV//,30X,'SUMMARY OF WATER DEMANDS USED IN TIHS ',

&' ANALYSIS ',//36X,'TREATED`,5X,'UNTREATED'/4X,'BASIN',
&5X,'TIME',4X,`TREATED WATER',2X,'WATER',8X,'WATER',7X,
&'UNTREATED',7X,'TREATED','-WATER',2X,'UNTREATED-WATER'
&/15X,'PERIOD',5X,'DEMAND',4X,'LOSS  FACTOR',4X,'DEMAND'

&,6X.'LOSS FACTOR',5X,'TARGET DEMAND',3X,'TARGET DEMAND'
&,/25x,'(MGD)',2ix,'(MGD)',28x,'(9ro)',i4x,`(%)'/)

WRITE(16,2021)LRE
DO 190 IB=1,NBASIN
DO 190 IT=1,NPRODS
WRITE(16,2055)BASIN(IB),IT,DTWATR(IB,IT),PLTWTR(IB,IT),
&DUWATR(IB,IT),PLUWTR(IB,IT),
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&P'ITWD(IB,IT),PTUWD(IB,IT)
2055  FORMAT(6X,A1,7X,14,5X,F8.2,6X,F6.4,6X,F8.2,8X,F6.4,9X,F6.2,

&9X,F6.2)
190 CONTINUE

C
C CONTVERT WATER DERANDS FROM MGD TO MG PER PLANNING PERIOD
C

DO 195 IB=1,NBASIN
DO 195 IT=1,NPRODS
DTWPPP(IB,IT)=(365.*DELT*DTWATR(IB,IT)/(1.-PLTWTR(IB,IT)))*
&tpr[TWDt[B,]T,,loo.,
DUWPPP(IB,IT)=(365.*DELT*DUWATR(IB,IT)/(1.-PLUWTR(IB,IT)))*
&(PTUWD(IB,IT)/100.)
TWDPPP(IB,IT)=DTWPPP(IB,IT)+DUWPPP(IB,IT)

ig5 CoNTnurE
C
C WrRrrE TABIE OF WATER DEMANDS PER PLANNING PERIOD
C

WRITE(16,2060)DELT,DELT,DELT
2060  FORMAT(///,49X,'UNTREATED'/4X,'BASIN',5X,'TIME',3X,

&'TREATED-',
&'WATER',1X,'TREATED-WATER',3X,'WATER',8X,'UNTREATED',15X,
&'TOTAL ADJUSTED'/15X,'PERIOD',5X,'DEMAND',5X,
&'LOS S  FACTOR',3X,'DEMAND',8X,'LOSS  FACTOR',16X,'DEMAND'/,
&22X,'(MG/',F3.1,'  YRS)',16X,'(MG/',F3.1,'  YRS)',25X,

&'(MG/',F3.1,'  YRS)')
WRITE(16,2021)LINE
DO 200 IB=1,NBASIN
DO 200 IT= 1,NPRODS
WRITE(16,2065)BASIN(IB),IT,DTWPPP(IB,IT),PLTWTR(IB,IT),
&DUWPPP(IB,IT),PLTWTR(IB,IT),TWDPPP(IB,IT)

200 CONTINIE
2065  FORMAT(6X,A1,7X,14,2X,Fll.2,6X,F6.4,3X,Fll.2,8X,F6.4,

&18X,F12.2)
GO TO 10

C
C II-N ): READ SURFACE WATER REQUIREMENTS PARAMETERS FOR BASIN
C  18: NO. OF BASINS,
c  NRMFaB): # OF REACHEs wlTEI MINIMUM FLOw REQulREMENT IN 18,
c  FLOwlN(IB,NR): FLOw INTO REACH NR OF BAslN in orGD)
c  FLOwOTtlB,NR): MINIMUM FLOw REQulREMENT OuT OF REACH NRorGD)
C  NPLNR(IB,NR,NP): PROJECT NO. WIHCH DIVERTS FROM NR
C                     NP=1,2 : DIVERSION DAMS
C                     NP=3,4 : SURFACE RESERVOIRS
C                    NP=5,6 : WELL FIELDS WIIICH HAVE INTERACHON
C                               \VIHTH NR.
C
205 WRITE(16,2068)
2068 FORMAT(///,lox,'SUMMARY OF NATURAL INFLOWS AND REQUIRED',

&' OUTFLOWS',
&' INTO AND OUT OF DIFFERENT STREAM REACIIES'//,4X,'BASIN',

&2X,'REACH',3X,'NATURAL',lox,'REQUIRED',
&10X,`PROJECTS WIIICH AFFECT STREAM FLOWS'/,

&13X,'NO.',3X,'FLOWS',12X,'FLOWS',
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&10X,'DIVERSION  RESERVOIRS  WELL FIELDS'/,
&19X,'(MGD)',12X,'(MGD)',12X,'DAMS',

&i5x,'(INCLuslvE)'n
WRITE(16,2021)LRE
DO 215 I=1,NBASIN
READ(15,1015)IB,NRMF(IB)
IF(NRMF(IB).EQ.0)GO TO 215
NRMFIB=~F(IB)
DO 210 N=1,NRMFIB
READ(15,1030)IB,NR,FLOWIN(IB,NR),FLOWOT(IB,NR),
&(NPLNR(IB,NR,NP),NP=1,6)
WRITE(16,2075)IB,NR,FLOWIN(IB,NR),FLOWOT(IB,NR),
&(NPLNR(IB,NR,NP),NP=1,6)

C
C CONVERT MGD TO MG PER PLANNING PERIOD
C

FLOWIN(IB,NR)=FLOVIN(IB,NR)*365.*DELT
FLOWOT(IB,NR)=FLOWOT(IB,NR)*365.*DELT

2 1 0 CONTINUE
215 cONTrmE

WRITE(16,2070)DELT,DELT
2070 FORMAT(///,lox,'SUMMARY OF NATURAL INFLOWS AND REQUIRED',

&' OUTFLOWS ',
&'INTO AND OUT 0F DIFFERENT STREAM REACHES ',//,4X,'BASIN',

&2X,'REACH',3X,'NATURAL',lox,'REQUIRED',
& lox,'PROJECTS WIHCH AFFECT STREAM FLOWS'/,

&13X,'NO.',3X,'FLOWS`,12X,'FLOWS',
&10X,'DIVERSION  RESERVOIRS  WELL FIELDS'/,

&12X,'(MG/',F3.1,'  YRS)',6X,'(MG/',F3.1,'  YRS)',7X,'DAMS',
&i7x,'(INCLuslvE)'n
unTE(16,2o2i)LINE
DO 225 IB=1,NBASIN
IF(NRMF(IB).EQ.0)GO TO 225
NRMFIB=NRMFaB)
DO 220 NR=1,NRMFIB
WRITE(16,2075)IB,NR,FLOWIN(IB,NR),FLOWOT(IB,NR),
&(NPLNR(IB,NR,NP),NP=1,6)

2075  FORMAT(3X,14,4X,14,3X,F8.1,lox,F8.1,5X,215,2X,215,2X,215)
220 CONTINUE
225 CONTINUE

GO TO 10
C
C n-o ): READ oR GENERATE STREAM-AQulFER II`ITERACTloN COEFFI-
C         CIENTS FOR EACH WELL FIELD IN EACH BASIN IF STREAM-
C         AQUIFER n`ITERAorloN ExlsTS.
C
C     WRITE(*,*)'DO YOU WISH TO GENERATE STREAM_AQUIFER CO-',
C     &'EFFICIENTS?'
C      READ(*,'(A1)')ANSWER
C
C
C GENERATE STREAM_AQUIFER COEFFICIENTS; note:this option is not
C included in this version
C     CALLPROG_BETA
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C     GOT0256
C
230 DO 240 IB=1,NBASIN

IF(NPROJqB,3).EQ.0)GO TO 240
NPIBK3=NPROJ(IB,3)
DO 235 IP=1,NPIBK3
READ(15,1035)IIB,NN,(BSA(IIB,NN,IT),IT=1,NPRODS)

235 CONTINUE
240 CONTINUE

C
C WRITE STREAM-AQUIFER INTERAC'ITON COEFFICIENTS
C

WRITE(16,2080)a,I=1,10)
2080 FORMAT(///,lox,'SUMMARY OF STREAM-AQUIFER II`ITERACTION',

&'  COEFFICIENTS '//2X,'BASIN',3X,'TIME',30X,'WELL FIELDS ',/
&,4X,'NO.',2X,'PERIOD',1X,10(3X,12,3X))

WRITE(16,2021)LINE
DO 250 IB=1,NBASIN
IF(NPROJ(IB,3).EQ.0)GO TO 250
NPIBK3=NPROJ(IB,3)
IF(NRMF(IB).EQ.0)GO TO 250
h"FIB=NRMF(IB)
DO 245 IT=1,NPRODS
WRITE(16,2090)BASIN(IB),IT,(BSA(IB,N,IT),N=1,NPIBK3)

245 CONTINUE
250 CONTINUE
2085 FORMAT(//1X,14,lox,14(2X,14,2X))
2090 FORMAT(5X,A1,5X,12,3X,10(F8.5))
1000 FORMAT(20A4)
1 cos FORMAT(2A4,2A4,2A4)
1010FORMAT(315,3F5.0)
1015FORMAT(1615)
1020 FORMAT(515,4F10.0)
1025 FORMAT(215,14F5.0)
1030 FORMAT(215,2F10.0,615)
1035 FORMAT(215,10F6.0)

RETURN
END
S UB ROUTINE MATRIX

*****************************************************

C     * Ill ):SETS uP THE LINEAR n`ITEGER PROGRAMMING
C     *        MATRlx AND WRITES IT ON FILE ur`ITr 17
C     *         IT CALLS THE FOLLOWING SUBROUTTNES :
C      *                       1)NAMES    ¢II-A)
C     *                       2) COLUMNS (III-B)
C      *                        3)RHS      (Ill-C)
C      *                       4)BOUNDS  (III-D)

*****************************************************

CALL NARES
CALL COLUENS
CALL RHS
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CALL BOUNDS
WRITE(17,2000)

2000 FORMAT('ENDATA')
CLOSE(17)
RETURN
END
SUB ROUTINE NAMES

*****************************************************
* in-A) : WRrlES TIH NAMES oF Rows oN FILE UNIT
*           17 IN THE FOLLOwr]NG ORDER:
*
*
*
*
*
*
*
*

1- NAME OF PROBLEM : NAME
2-BEGININNG OF ROW NAMES : ROWS
3- OBJECTIVE FUNorloN NAME : MINcOsT
4- CONSTRAINTS ON PROJECT INITIATION
5- CoNSTRAINIS oN PROTECT LIMrrATloN
6-CONS TRAITS ON TREATED WATER DEMANDS
7- CONSTRAINTS ON TOTAL WATER DEMANDS
8-CONSTRAINTS ON NINIMUM STREAM FLOWS

*****************************************************

COMMON/C01ROW(17),COL(14),BASIN(10)
COMMON/C02/ITILE(20)
COMMON/C03INPROJ(10,10),NUWIP(10,10),NTWIP(10,10)
COMMON/C04AIFE(10,10,10),YIELD(10,10,10),CC(10,10,10)
COMMON/COS/OMR(10,10,10),IFLAG(10,10,10)
COMMON/c06urulp(io,io,io),LFulp(io,io,io),yLDulp(io,io,io)
COMMON/C07/CCUIP(10,10,10),OMUIP(10,10,10),CUWIP(10,10,10)
COMMON/CO8AFTIP(10,10,10),LFTIP(10,10,10),YLDTIP(10,10,10)
COMMON/cO9/corlp(io,io,io),OMTlp(io,io,io),cTwlp(io,io,io)
CoMMON/CloDTWATR(1o,io),PLTWTR(io,io),pTrwD(1o,1o)
COMMON/CllDUWATR(10,10),PLUWTR(10,10),PTUWD(10,10)
COMMON/C12/NRMF(10),FLOWIN(10,10),FLOWOT(10,10),
&NPLNR(10,10,10)
COMMON/ci6roTwppp(io,io),Duwppp(io,io),TWDppp(io,io)
COMMON/C17/NBASIN',NPRODS,AMRATE,DELT,MNPDK,RATE,RTPRD

C
C III-A-1 ): wRrlE NAME oF PROBLEM
C

WRITE(17,2000)(TITLE(I),I=1,2)
2000 FORMAT('NAME',lox,2A4)

C
C III-A-2 )
C in-A-3 )
C

WRITE BEGINNING OF ROWS
wRrlE NAME oF OBTECIIVE FUNCTloN

WRITE(17,2001)
2001  FORMAT('ROWS'/,2X,'N',1X,`MINCOST')

C
C ENTER CONSTRAINTS ROW NAMES FOR EACH BASIN
C

DO 600 IB=1,NBASIN
C
C H-A-4-a ): NAME OF CONSTRAINTS ON PROJECT INITIATIONS FOR:
C                    K=1) DIVESION DAMS
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K=2) SURFACE RESERVOIRS
K=3) WELL FIELDS
K=4) DESALINIZATION PLANTS
K=5) TREATMENT PLANTS

DO 105 K=i,hrmDK
IF(NPROTaB,K).EQ.0)GO TO 105
NPIBK=NPROJ(IB,K)
DO 100 IT=1,NPRODS
DO 100 N=1,NPIBK
IF(IFLAG(IB,K,N).EQ.1)GO TO 100
N1-N/10
N2=N-N1*10
WRITE(17,2002)ROW(K),BASIN¢B),IT,N1,N2

2002 FORMAT(2X,`G',1X,A3,A1,311)
100 CONTHWE
105 CONTINUE

C
C III-A-4-b ): NAME 0F CONSTRAINTS ON PROJECT INITIATIONS FOR:
C              K=6) UNTREATED WATER IMPORT PROJECTS
C

DO 120 IBE=1,NBASIN
H(IB.EQ.IBE.OR.NUWIP(IB,IBE).EQ.0) GO TO 120
NP186=NUWIP(IB,IBE)
DO 115 IT=1,NPRODS
DO 110 N=1,NP186
IF(IFUIP(IB,IBE,N).EQ.1)GO TO  110
N1-N/10
N2=N-N1*10
WRITE(17,2003)ROW(6),BASIN(IB),BASIN¢BE),IT,N1,N2

2003  FORMAT(2X,'G',1X,A3,2A1,311)
110 CONTINUE
1 15 cONTrmE
i2o cONTrmE

C
C III-A-4-c ): NAME OF CONSTRAINTS ON PROJECT INITIATIONS FOR:
c              K=7) TREATED WATER IMpORT PROTEors
C

DO 135 IBE=1,NBASIN
IF¢BE.EQ.IB.OR.NTWIP(IB ,IBE).EQ.0)GO TO 135
Npl87=NTwlpaB,IBE)
DO 130 IT=1,NPRODS
DO 125 N=1,NP187
IF(IFTIP(IB,IBE,N).EQ.1)GO TO 125
N1=N/10
N2=N-N1*10
WRITE(17,2003)ROW(7),BASIN(IB),BASINqBE),IT,N1,N2

125 CONTINUE
130 CONTINUE
135 CONTINUE

C
C in-A-5-a ): NAME OF CONSTRAINTS ON PROJECT LIMITATIONS FOR:
C
C                    K=1) DIVERSION DAMS
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C
C
C
C

K=2) SURFACE RESERVOIRS
K=3) WELL FIELDS
K4) DESALINIZATION PLANTS
K=5) TREATMENT PLANTS

C
DO 145 K=1,5
IF(NPROTaB,K).EQ.0)GO TO 145
KK=K+7
NPIBK=NPROJ(IB,K)
DO 140 N=1,NPIBK
IF(IFLAG(IB,K,N).EQ.1)GO TO  140
N1=N/10
N2=N-N1*10
WRITE(17,2004)ROW(KK),BASIN(IB),N1,N2

2004 FORMAT(2X,'L',1X,A3,A1,211)
140 cONTrmE
145 CONTINUE

C
C Ill-A-5-b ): NAME 0F CONSTRAINTS ON PROJECT LIMITATIONS FOR:
C              K=6) UNTREATED WATER IMPORT PROJECTS
C

DO 155 IBE=1,NBASIN
IF(IB.EQ.IBE.OR.NUWIP(IB,IBE).EQ.0)GO TO 155
NP186=NUWIP(IB,IBE)
DO 150 N=1,NP186
IF(ITUIP(IB,IBE,N).EQ.1)GO TO 150
N1=N/10
N2=N-N1*10
WRITE(17,2005)ROW(13),BASIN(IB),BASIN(IBE),N1,N2

2005  FORMAT(2X,'L',1X,A3,2A1,211)
150 CONTINUE
155 CoNTnurE

C
C in-A-5-c ): NAME oF CONSTRAINTS oN PROTECT LIMITATloNS FOR:
C              K=7) TRATED WATER IMPORT PROJECTS
C

DO 165 IBE=1,NBASIN
IF(IB.EQ.IBE.OR.NTWIP(IB ,IBE).EQ.0)GO TO 165
Npl87=r`ITwlp(IB,IBE)
DO 160 N=1,NP187
IF(IFITP(IB,IBE,N).EQ.1)GO TO 160
N1-N/10
N2=N-N1*10
WRITE(17,2005)ROW(14),BASIN(IB),BASIN(IBE),N1,N2

1 60 CONTINUE
165 CONTINUE

C
C in-A-6 ): NAME oF CoNSTRAINTS oN TREATED WATER DEMANDs
C

DO 170 IT=1,NPRODS
WRITE(17,2006)ROW(15),BASIN(IB),IT

2cO6  FORMAT(2X,'G',1X,A3,A1,I1)
i7o cONTrmE

C
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C III-A-7 ) : NAME OF CONSTRAINTS ON TOTAL WATER DEMANDS
C

DO 175 IT=1,NPRODS
WRITE(17,2006)ROW(16),BASIN(IB),IT

175 CONTINUE
C
C III-A-8 ): NAME OF CONSTRAINTS ON MINIMUM STREAM FLOWS
C -FB-r"F(IB)

DO 180 IT=1,NPRODS
DO 180 NR=1,NRMFIB
WRITE(17,2007)ROW(17),BASIN(IB),IT,NR

2007  FORMAT(2X,'L',1X,A3,A1,211)
180 CONTINUE
600 CONTINUE

RETURN
END

SUBROUTINE COLUMNS

*****************************************************

C     * in-B ) : SETs up CoEFFICIENTS ASSoCIATED wlTII
C     * EACH ELERENT OF COLUMNS OF MATRIX AND WRITES THEM ON
C      *FILE17.

*****************************************************
C

COMMON/C01ROW(17),COL(14),BASIN(10)
COMMON/C03INPROJ(10,10),NUWIP(10,10),NTWIP(10,10)
COMMON/c04frlFE(io,io,io),ylELD(io,io,io),cc(io,io,io)
COMMON/COS/OMR(10,10,10),IFLAG(10,10,10)
COMMON/C06ffuIP(10,10,10),LFUIP(10,10,10),YLDUIP(10,10,10)
COMMON/C07/CCUIP(10,10,10),OMUIP(10,10,10),CUWIP(10,10,10)
COMMON/cO8nFTlp(io,io,io),LFTlp(io,io,io),yLDTlp(io,io,io)
COMMON/CO9/CCTIP(10,10,10),OMTIP(10,10,10),CTWIP(10,10,10)
COMMON/cioroTWATR(io,io),PLTVITR(io,io)
COMMON/ciirouwATR(io,io),pLuwTR(io,io)
COMMON/C12INRMF(10),FLOWIN(10,10),FLOWOT(10,10),
&NPLNR(10,10,10)
COMMON/C13ITCAP(10),CAP(10,10,10)
COMMON/C14/AFC(10,10,10),AFCUIP(10;10,10),AFCTIP(10,10,10)
COMMON/ci5rosA(io,io,io),NWELD(io)
COMMON/C17/NBASIN,NPRODS,AMRATE,DELT,MNPDK,RATE,RTPRD

C
C IH-B-1 ): wRrlE CoLUMN CoNTROL CARD :
C

WRITE(17,2000)
2000 FORMAT('COLUMNS')

C
C Ill-8-2 ): WRITE INTEGER MARKER CARD
C

WRITE(17,2001)
2001   FORMAT(4X,'BEGIN',5X,"MARKER",17X,"INTORG")

C
C HI-B-3 ): WRITE COEFFICIENTS OF INTEGER VARIABLES
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C
DO 600 IB=1,NBASIN

C
C III-B-3-a): WRITE COEFFICIENTS OF DECISIONS TO BUILD PROJEors
C              OF KIND K:
C                    K=1) DIVERSION DAMS
C                    K=2) SURFACE RESERVOIRS
C                    K=3) WELL FIELDS
C                   K=4) DESALINIZATION PLANTS
C                   K=5) TREATMENT PLANTS
C

D0125 K=1,MNPDK
IF(NPROJ(IB,K).EQ.0)GO TO 125
NPIBK=NPROJ(IB,K)
DO 120 IT=1,NIRODS
DO 115 N=l,NPIBK
IF(IFLAG0B,K,N).EQ.1)GO TO 115
N1=N/10
N2=N-N1*10

C
C CONVERT ANNUAL FIXED COSTS (AFC) TO PRESENT VALUE ON AN
c ANNUAL BAsls AND SUM up TRESE cOsTs OVER Tlm TIME PERIOD
C LEFT IN PLANNING HORIZON.
C FIND YEARS IN WHCH SUMMATION BEGINS AND ENDS (IYSRT ,IYEND)
C

IYEND=NPRODS*DELT
IYSRT=IT*DELT-(DELT-1.0)
NOYRS=IYEND-IYSRT+1

C
C IS ECONONIC LIFE OF PROJECT LESS THAN NOYRS ?
C

IF(LIFE(IB,K,N).LT.NOYRS)IYEND=LIFE(IB,K,N)+IYSRT-I
C
C SUM pRESEr`IT VALUE MULTlpLIER FROM I¥SRT To IyEND
C

PREV=0.
DO 100 IY=IYSRT,IYEND

100PREV=PREV+(1./((1.+RATE)**IY))
PVCC=PREV*AFC(IB,K,N)
IF(PVCC.EQ.0.)GO TO 105

C
C VVRITE PRESENT VALUE OF ANNUAL FIXED CAPITAL COST IN
C OBJECTIVE ROW
C

WRITE(17,2002)COL(K>,BAslNaB),IT,Ni,N2,pvcc
2002  FORMAT(4X,A3,A1,311,3X,'MINCOST',3X,F12.2)
105 CONTINUE

C
C WRITE PRo]ECT cAPAclTIES FOR INI'ITALIZATloN CoNSTRAn`ITS
C

DO 110 I=IT,NPRODS
WRITE(17,2003)COL(K),BAslN(IB),IT,Ni,N2,ROw(K),BAslNaB),I,
&N1,N2,CAP(IB,K,N)

2003  FORMAT(4X,A3,A1,311,3X,A3,A1,311,3X,F12.2)
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1 io cONTrmE
C
C WrRITE PROJECT LIMITAHON CONSTRAINT FOR PROJECT OF KIND K
C

WRITE(17,2004)COL(K),BASIN(IB),IT,N1,N2,ROW(K+7),
&BASIN(IB),N1,N2

2004  FORMAT(4X,A3,A1,311,3X,A3,A1,211,lox,'1.0000')
115 CONTINIE
120 CONTHWE
125 CONTINUE

III-B-3-b ): WRITE COEFFICIENTS OF DECISIONS TO BUILD UNTREATED
WATER TRANSPORT PROJECTS INTO 18 :

DO 155 IBE=1,NBASIN
IF(IB.EQ.IBE.OR.NUWIP(IB,IBE).EQ.0)GO TO 155
Npl86=NuvVIpun,IBE)
DO 150 IT=1,NPRODS
DO 145 N=1,NP186
IF(IFUIP(IB,IBE,N).EQ.1)GO TO 145
N1=N/10
N2=N-N1*10

C
C CONVERT ANNUAL FIXED COSTS TO PRESENT VALUE ON AN ANNUAL
C BASIS AND SUM BY T"E INCREMENTS EQUAL TO TIH LENGTH OF
C PLANNING PERIOD FOR THIS PROJECT.
C

IYSRT=IT*DELT-a)ELT-1.)
IYEND=NPRODS*DELT
NOYRS=IYEND-IYSRT+1
IF(LFUIT(IB,IBE,N).LT.NOYRS.)IYEND=LFUIP(IB,IBE,N)+IYSRT-1

C
C SUM PRESENT VALUE MULTIPLIER FROM IYSRT TO IYEND
C

PREV-0.
DO i3o Iy=I¥SRT,I¥Er`fo

130PREV=PREV+(1./((1.+RATE)**IY))
C
C ADJUST ANNUAL FIXED COST 0F PROJECT
C

PREV=PREV*AFCUIP(IB,IBE,N)
IF(PREV.EQ.0.)GO TO 135

C
C WrRITE FIXED COST COEFFICIEr`IT OF TIHS PROJEor IN OBJECITIVE ROW
C

WRITE(17,2005)COL(6).BASIN(IB),BASIN(IBE),IT,N1,N2,PREV
2005  FORMAT(4X,A3,2A1,311,2X,'MINCOST',3X,F12.2)

C
c WRITE pROTEcr cAPAclTIEs FOR INITIALlzATloN cONSTRAINTs :
C

135 DO 140 IT1=IT,NPRODS
WRITE(17,2006)COL(6),BASIN(IB),BASIN(IBE),IT,N1,N2,ROW(6),
&BASIN(IB),BASIN(IBE),IT1,N1,N2,CUWIP(IB,IBE,N)

2006 FORMAT(4X,A3,2A1,311,2X,A3,2A1,311,2X,F12.2)
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14o CoNTnurE
C
C \VRITE PROJECT LIMITATION CONSTRAINTS
C

WRITE(17,2007)COL(6),BASIN(IB),BASIN(IBE),IT,N1,N2,ROW(13),
&BASIN(IB),BASIN(IBE),N1,N2

2007  FORMAT(4X,A3,2A1,311,2X,A3,2A1,211,9X,'1.0000')
145 CONTINUE
150 CONTINUE
155 CONTINUE

C
C Ill-B-3-c ): WRITE COEFFICIENTS OF DECISIONS TO BUILD TREATED
C              WATER TRANSPORT PROJECTS INTO IB :
C

DO 185 IBE=1,NBASIN
IF(IB.EQ.IBE.oR.r`ITwlp(IB ,IBE).EQ.0)GO TO 185
NP187=NTWIP(IB,IBE)
D0180 IT=1,NPRODS
DO 175 N=1,NP187
IF(IFTIP(IB,IBE,N).EQ.1)GO TO 175
N1=N/10
N2=N-N1*10

C
C CONVERT ANNUAL FIRED COSTS T0 PRESENT VALUE ON AN ANNUAL
C BASIS AND SUM BY rlTME INCREMENTS EQUAL TO Tlm LENGTH OF
C PLANNING PERIOD FOR THS PROJECT.
C

IYSRT=IT*DELT-(DELT-1.)
IYEND=NPRODS*DELT
NOYRS=IYEND-IYSRT+1
IF(LFTIP(IB,IBE,N).LT.NOYRS)IYEND=LFTIP(IB,IBE,N)+IYSRT-1

C
C SUM PRESENT VALUE MULTTPLIER FROM IYSRT TO IYEND
C

PREV=0.
DO 160 IY=IYSRT,IYENb

160PREV=PREV+(1./((1.+RATE)**IY))
C
C ADJUST ANNUAL FIXED COST OF PROJECT
C

PREV=PREV*AFCTIP(IB,IBE,N)
IF(PREV.EQ.0.)GO TO 165

C
C `VRrrE FlxED CoST CoEFFICIENT oF THS PROJECT IN OBJECTIVE Row
C

WRITE(17,2005)COL(7),BASIN(IB),BASIN(IBE),IT,N1,N2,PREV
C
C WRITE PROJECT CAPACITIES FOR INI'ITALIZAHON CONSTRAINTS :
C

165 DO 170 IT1=IT,NPRODS
WRITE(17,2006)COL(7),BASIN(IB),BASIN(IBE),IT,N1,N2,ROW(7),
&BASIN(IB),BASIN(IBE),IT1,N1,N2,CTWIP(IB,IBE,N)

170 CONTINUE
C

Appendix   J 180



C ihrRITE PROIECT LIMrrATION CONSTRAINTS
C

WRITE(17,2007)COL(7),BASIN(IB),BASIN(IBE),IT,N1,N2,ROW(14),
&BASIN(IB),BASIN(IBE),N1,N2

175 coNTnwE
180 CONTINUE
185 CONTINUE
600 cONTrmE

END OF INTEGER COLUMN SECTION

WRITE(17,2008)
2008   FORMAT(4X,`FINIS',5X,"MARKER"',17X,"INTEND")

C
c Ill-a-4 ): wRrlE cOEFFlclENIs oF TIH coNTINuous vARIABLEs
C             FOR EACH BASIN
C

DO 70018=1,NBASIN
C
C III-B-4-a ):  WRITE COEFFICIENTS OF SUPPLY DECISIONS FOR

PROJECTS OF KIND K:
K=1) DIVERSION DAMS
K=2) SURFACE RESERVORS
K=3) WELL FIELDS
K-4)DESALINIZAHONPLANTS
K=5) TREATMEr`IT PLANTS

DO 270 K=1,MNPDK
IFOvpROTaB,K).EQ.0)GO TO 270
NPIBK=NPROJ(IB,K)
DO 265 IT=1,NPRODS
DO 260 N=1,NPIBK
N1=N/10
N2=N-N1*10

C
C ADJUST OPERAHON Co'sTS To pRESEr\IT VALUE
C

PVOMR=OMR(IB,K,N)/((1.+RTPRD)**IT)
C
C IV-A-1) WRITE COEFFICIENT OF OMR IN OBJECTIVE FUNC.IION
C

WRITE(17,2009)COL(K+7),BASIN(IB),IT,N1,N2,PVOMR
2009  FORMAT(4X,A3,A1,311,3X,'MINCOST',3X,F12.4)

SET COEFFICIENT OF TIH NON_EXISTING PROJECTS IN INITIATION
CONSTRAINT ROWS EQUAL TO -1.0. FOR EXISTING PROJECTS, BOUDS
ON TIIE CAPACITIES OF TIIE PROJECTS WH.L BE SET.

IF(IFLAG(IB,K,N).EQ.1)GO TO 190
WRITE(17,2010)COL(K+7),BASIN(IB),IT,N1,N2,ROW(K),

&BASIN(IB),IT,N1,N2
2010  FORMAT(4X,A3,A1,311,3X,A3,A1,311,8X,'-1.0000')

C
C SET COEFFICIENTS OF TREATED WATER (K=3,4,5) DEMAND CONSTRAINTS
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C K EQUAL TO 1.0 .
C

190 IF(K.LT.3) GO TO 220
C

WRITE(17,2011)COL(K+7),BASIN(IB),IT,N1,N2,ROW(15),
&BASIN¢B),IT

2011  FORMAT(4X,A3,A1,311,3X,A3,A1,I1,llX,'1.0000')
C
C IF PROJECT IS NOT A WATER TREATMENT PLANT, SET THE COEFFICIENT
C OF TOTAL WATER DEMAND ROW a)TO) EQUAL TO 1.0
C

IF(K.EQ.5)GO TO 260
220WRITE(17,2011)COL(K+7),BASIN(IB),IT,N1,N2,ROW(16),

&BASIN@),IT
IF(NRMF¢B).EQ.0)GO TO 260
~FIB=N"FaB)

C`   c IF pROTEor K Is A DIVERsloN DAM OR RESERvOIR (K=i,2), SET THE

C COEFFICIENT OF FLOW REQUREMENT CONSTRAINT ROW(SFL) EQUAL TO 1
C

GO TO(225,235,245,260,260) K
C
C SEARCH ARRAY NILNR(IB,NR,NP) TO FIND WIHCH PROJECTS,NP,DIVERT
C WATER FROM REACH NR :

NP=1,2 : DIVERSION DAMS
NP=3,4 : SURFACE RESERVOIRS
NP=5,6 : WELL FIELDS

225 CONTINUE
C
C K=1 ) DIVERSION DAMS
C

DO 230 NR=1,NRMFIB
IF(N.EQ.NPLNR(IB,NR,1).OR.N.EQ.NPLNR(IB,NR,2))

&WRITE(17,2012)
&COL(K+7),BASIN(IB):IT,N1,N2,ROW(17),BASIN(IB),IT,NR

2012FORMAT(4X,A3,A1,311,3X,A3,A1,211,lox,'1.0000')
230 CONTHWE

GO TO 260
235 CONTINUE

C
C K=2 ) SURFACE RESERVOIRS
C

DO 240 NR=1,NRMFIB
IF(N.EQ.NPLNR(IB,NR,3).OR.N.EQ.NPLNR(IB,NR,4))

&WRITE(17,2012)
&COL(K+7),BASIN(IB),IT,N1,N2,ROW(17),BASIN(IB),IT,rm

24o CoNTnwE
GO TO 260

245 coNTrmE
C
C K=3 ) WELL FIELDS
C WRITE S URFACE_GRour`D WATER CoEFFICIENTS IN FLow REQUIREMEP`IT
c coNSTRAINTs FOR pRESEr\IT TIME AND ALL FUTURE TIMEs.
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C
ITr=O
DO 255 IT1=IT,NPRODS
IIT=ITT+1
BETA=BSA(IB,N,ITI`)
DO 250 NR=1,NRMFIB

IF(N.GE.NPLNR(IB,NR,5).AND.N.LE.NPLNR(IB,NR,6))
&WRITE(17,2013)
&cOL(K+7),BAslN(IB),IT,Ni,N2,ROw(17),BAslNaB),ITi,NR,BETA

2013  FORMAT(4X,A3,A1,311,3X,A3,A1,211,4X,F12.4)
250 CONTINUE
255 CONTINIE
260 CONTINIE
265 CONTINUE
270 coNTHurE

C
C Ill.B_4.b,c ,: WR[r[E CoEFF[C]ENTS oF WATER [MPoRT PRo,ECTS
C III-B-4-b ): UI`ITREATED WATER IMPORTS
C

DO 285 IBE=1,NBASIN
IF(IB.EQ.IBE.oR.r`ruwlp(IB,IBE).EQ.0)GO TO 285
NPIBK6=NUWIP(IB,IBE)
DO 280 IT=1,NPRODS
DO 275 N=1,NPIBK6
N1=N/10
N2=N-N1*10

C
C ADJUST OPERATING COST TO PRESENT VALUE
C

PVOMR=OMUIP(IB,IBE,N)/((1.0+RTPRD)**IT)
C
C WrRrrE OPERATING COSTS IN OBJECITVE FUNCTION
C

WRITE(17,2014)COL(13),BASIN(IB),BASIN(IBE),IT,N1,N2,PVOMR
014  FORMAT(4X.A3,2A1,311,2X,'MINCOST',3X,F12.4)

IF PROJECT DOES NOT EXIST , ENTER -1. IN PROJECT INITIATION
CONSTRAINTS

IF(IFUIP(IB,IBE,N).EQ.0)WRITE(17,2015)COL(13),BASIN(IB),
&BASIN(IBE),IT,N1,N2,ROW(6),BASIN(IB),BASIN(IBE),IT,N1,N2

2015  FORMAT(4X,A3,2A1,311,2X,A3,2A1,311,7X,'-1.0000')
C
c EI\ITER 1.o IN TOTAL WATER DEMAND cONSTRAINTs, Ar`D -1.o IN SAME
C ROW OF BASIN IBE INDICATING EXPORT
C

WRITE(17,2016)COL(13),BASIN(IB),BASIN(IBE),IT,N1.N2,
&ROw(16),BAslN(IB),IT,ROw(16),BASINaBE),IT

2016  FORMAT(4X,A3,2A1,311,2X,A3,A1,I1,llX,'1.0000',3X,A3,A1,I1,
&10X,I-1.0000')

275 CONTINUE
280 cONTrmE
285 CONTINUE

C
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C HI-B-4-c ): TREATED WATER IMPORTS
C

DO 300 IBE=1,NBASIN
IF(IB.EQ.IBE.OR.NTWIP(IB ,IBE).EQ.0)GO TO 300
NPIBK7=NTWIP(IB,IBE)
DO 295 IT=1,NPRODS
DO 290 N=1,NPIBK7
N1=N/10
N2=N-N1*10

C
C ADJUST OPERATING COST TO PRESENT VALUE
C

PVOMR=OMTIP(IB,IBE,N)/((1.0+RTPRD)**IT)
C
C WrRrrE OPERAHNG COSTS IN OBJECTIVE FUNCTION
C

WRITE(17,2014)COL(14),BASIN(IB),BASIN(IBE),IT,N1,N2,PVOMR
C
C IF PROJECT DOES NOT EXIST , ENTER -1. IN PROJECT INIHATION
C CONSTRAINTS
C

IF(IFTIP(IB,IBE,N).EQ.0)WRITE(17,2015)COL(14),BASIN(IB),
&BASIN(IBE),IT,N1,N2,ROW(7),BASIN(IB),BASIN(IBE),IT,N1,N2

C
C Er`ITER 1 .o IN TREATED WATER DEMAND CoNSTRAINTs, AND -1 IN SAME
C Row oF BAslN mE INDICATING ExpoRT
C

WRITE(17,2016)COL(14),BASIN(IB),BASIN(IBE),IT,N1,N2,
&ROW(15),BASIN(IB),IT,ROW(15),BASIN(IBE),IT

C
c Er`ITER 1 .o IN TOTAL WATER DEMAND coNSTRAINTs , AND -1 IN SAME
C ROW OF BASIN IBE INDICATING EXPORT
C

WRITE(17,2016)COL(14),BASIN(IB),BASIN(IBE),IT,N1,N2,
&ROW(16),BASIN(IB),IT,ROW(16),BASIN(IBE),IT

290 CONTINUE
295 CONTINUE
300 CONTINUE
700 CONTINUE

C
c THs Is THE END OF cONTrmous VARIABLE sEclTON
C

RETURN
END
SUBROUTINE RHS

*****************************************************
*  Ill.C ,:SETS UP THE RIGHT I+AND SIDE oF MAr[R[X
*****************************************************

COMMON/C01ROW(17),COL(14),BASIN(10)
COMMON/C03INPROJ(10,10),NUWIP(10,10),NIVIP(10,10)
COMMON/C05/OMR(10,10,10),IFLAG(10,10,10)
COMMON/C06AFUIP(10,10,10),LFUIP(10,10,10),YLDUIP(10,10,10)
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COMMON/CO8AFTIP(10,10,10),LFTIP(10,10,10),YLDTIP(10,10,10)
COMMON/C12/NRMF(10),FLOWIN(10,10),FLOWOT(10,10),
&NPLNR(10,10,10)
COMMON/C14/AFC(10,10,10),AFCUIP(10,10,10),AFCTIP(10,10,10)
COMMON/ci6roTwppp(io,io),Duwppp(io,io),TWDppp(io,io)
COMMON/C17/NBASIN,NPRODS,AMRATE,DELT,MNPDK,RATE,RTPRI)

C
C III-C-1 ): WRITE RIGFT IIAND SIDE MARKER
C

WRITE(17,2000)
2000 FORRAT('RES')

C
c Ill-c-2 ) : WRITE RHs FOR pRo]ECT LIMITAHON coNSTRAn`ITs
C

DO 150 IB=1,NBASIN
C
C HI-C-2-a ): WRI'IE RHS FOR PROJECT LIMITAHON CONSTRAINTS
c      FORPRo]Eors OFKINDK:   K=i :DIVERsloNDAMs
C                                     K=2 : SURFACE RESERVOIRS
C                                     K=3 : WrELL FIELDS
C                                  K4 : DESALINIZATION PLANT
C                                   K=5 : TREATMENT PLANTS
C

DO 105 K=1,MNPDK
IForpROT(IB,Kt.EQ.O>GO TO 105
NPIBK=NPROJ(IB,K)
DO 100 N=1,NPIBK
IF(IFLAGaB,K,N).EQ. itGO TO loo
N1=N/10
N2=N-N1*10
WRITE(17,2001)ROW(K+7),BASIN(IB),N1,N2

2001  FORMAT(4X,'RHS01',5X,A3,A1,211,lox,'1.0000')
loo CoNTnurE
105 CONTINUE

III-C-2-b ): WRITE RHS FOR PROJECT L"ITATION CONSTRAINTS
FOR ur`ITREATED-WATER pROTECTs :K=6: UNTREATED-WATER pROTEors

DO 115 IBE=1,NBASIN
IF(IB.EQ.IBE.OR.NUWIP(IB,IBE).EQ.0)GO TO 115
NPIBK6=NUWIP(IB.BE)
DO 110 N=1,NPIBK6
IF(IFUIP(IB,IBE,N).EQ.1)GO TO  110
N1=N/10
N2=N-N1*10
WRITE(17,2002)ROW(13),BASIN(IB),BASIN(IBE),N1,N2

2002  FORMAT(4X,`RHS01',5X,A3,2A1,211,9X,'1.0000')
110 CONTINUE
1 1 5 CONTINUE

C
C Ill.C.2_c ,: WR[rrE RHS FOR L[MrTAT]ON CONSTRAINTS
c FOR TREATED WATER pROTEors : K=7 : TREATED-WATER pROTECTs
C

DO 125 IBE=1,NBASIN
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IF(IB.EQ.IBE.OR.NTWIP(IB ,IBE).EQ.0)GO TO 125
NPIBK7=NTWIP(IB,IBE)
DO 120 N=1,NPIBK7
IF(IFTIP(IB,IBE,N).EQ.1)GO TO 120
N1=N/10
N2=N-N1*10
WRITE(17,2002)ROW(14),BASIN(IB),BASIN(IBE),N1,N2

120 CONTINUE
125 CONTINUE

C
C in-C-3 ): WRITE RHs FOR TREATED-WATER DEMAND CoNSTRAINTS
C

DO 130 IT=1,NPRODS
WRITE(17,2003)ROW(15),BASIN(IB),IT,DTWPPP(IB,IT)

2003  FORMAT(4X,'RHS01',5X,A3,A1,I1,5X,F12.2)
130 CONTINUE

C
C III-C-4 ): wRrlE RHS FOR TOTAL WATER DEMAND CoNSTRAINTS
C

DO 135 IT=1,NPRODS
WRITE(17,2003)ROW(16),BASIN(IB),IT,TWDPPP¢B,IT)

135 cONTrmE
C
C in-C-5 ): WRI'IE RHS FOR MIN"uM STREAM FLoW REQUIREMENT
C             CONS RTAINTS
C

N"FIB=r"FaB)
IF(NRMFIB.EQ.0)GO TO 150
DO 145 NR=1,NRMFIB
DELFL=FLOwIN(IB,NR)-FLOwOTaB,NR)
DO 140 IT=1,NPRODS
WRITE(17,2004)ROW(17),BASIN(IB),IT,NR,DELFL

2004  FORMAT(4X,'RHS01',5X,A3,A1,211,4X,F12.2)
140 CONTINUE
145 coNTnurE
150 CONTINUE

RETURN
END
SUBROUTINE BOUNDS

*****************************************************
* III-D) : WRI'IES BOUNDS ON DIFFERENT VARIABLES
*****************************************************

cOMMON7coiniow(17),COL(14),BAslN(io)
COMMON/C03INPROJ(10,10),NUWIP(10,10),NTWIP(10,10)
COMMON/COS/OMR(10,10,10),IFLAG(10,10,10)
COMMON/C06AIUIP(10,10,10),LFUIP(10,10,10),YLDUIP(10,10,10)
COMMON/C07/CCUIP(10,10,10),OMUIP(10,10,10),CUWIP(10,10,10)
COMMON/CO8AFTIP(10,10,10),LFTIP(10,10,10),YLDTIP(10,10,10)
COMMON/CO9/CCTIP(10,10,10),OMTIP(10,10,10),CTWIP(10,10,10)
COMMON/C13ITCAP(10),CAP(10,10,10)
COMMON/C17INBASIN,NPRODS,AMRATE,DELT,MNPDK,RATE,RTPRD
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C in-D-1): WRITE BouNDS MARKER CARD
C

WRITE(17,2000)
2000 FORMAT(`BOUNDS')

C
c in-D-2): WRITE BouNDs ON wl'nlDRAWALs FROM pROIECTs oF KIND K:
C
C
C
C
C

K=1 : DIVERSION DAMS
K=2 : SURFACE RESERVOIRS
K=3 : WrELLF]ELDS
K4 : DES ALINIZATI0N PLANTS
K=5 :TREATMENT PLANTS

C
DO 115 IB=1,NBASIN
DO 110 K=1,MNPDK
IForpROT(IB,K).EQ.0)GO TO 1 io
NPIBK=NPROJ(IB,K)
DO 105 IT=1,NPRODS
DO 100 N=1,NPIBK
N1=N/10
N2=N-N1*10
WRITE(17,2005)COL(K+7),BASIN¢B),IT,N1,N2,CAP(IB,K,N)

2005  FORMAT(1X,'UP',1X,'BND01',5X,A3,A1,311,3X,F12.2)
100 CONTINUE
105 CONTINUE
110 CONTHWE
115 CONTINUE

III-D-3 ) : WRITE BOUNDS ON UNTREATED-WATER TRANSpoRT PROIEcrs
K=6 : UNTREAED-WATER IMPORT PROJECTS

DO 135 IBI=1,NBASIN
DO 130 IBE=1,NBASIN
IF(IBI.EQ.IBE.OR.NUWIP(IBI,IBE).EQ.0)GO TO 130
NUIPIB=NUWIP(IBI,IBE)
DO 125 IT=1,NPRODS
DO 120 N=1,NUIPIB
N1=N/10
N2=N-N1*10
WRITE(17,2010)COL(13),BASIN(IBI),BASIN(IBE),IT,N1,N2,

&cunp(IBI,IBE,N)
2010  FORMAT(1X,'UP',1X,'BND01',5X,A3,2A1,311,2X,F12.2)
120 CONTINIE
125 CONTINUE
1 3o cONTrmE
135 CONTINUE

C
c in-D-4 ): WRITE BouNDs oN TREATED-WATER TRANspORT pROTECTs :
C                     K=7 : TREATED-WATER IMPORT PROJECTS
C

DO 155 IBI=1,NBASIN
DO 150 IBE=1,REASIN
IF(IBI.EQ.IBE.OR.NTWIP(IBI,mE).EQ.0)GO TO 150
NP1817=NTWIP(IBI,IBE)
DO 145 IT=1,NPRODS
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DO  140 N=1,NP1817
N1=N/10
N2=N-N1*10
WRITE(17,2010)COL(14),BASIN(HBI),BASIN(IBE),IT,N1,N2,

&C"P(IBI,IBE,N)
i4o coNTrmE
145 cONTHurE
150 cONTrmE
155 coNTrmE

C
C in-D-5 ): WRITE BouNDs oN DEclsloN VARIABLES FOR pRo]ECITS oF
C               KIND K=1,2,3,4,5,6,7
C

DO 210 IB=1,NBASIN
C
C HI-D-5-a ): BOUNDS ON PROJECTS OF KIND K=1,5
C

Do i7o K=i,hrmDK
IF(NPROJ¢B,K).EQ.0)GO T0 170
NPIBK=NIROJ(IB,K)
DO 165 IT=1,NPRODS
DO 160 N=1,NPIBK

C
C IF PROJECT ALREADY EXIST BY-PASS THS STEP
C

IF(IFLAG¢B ,K,N).EQ.1)GO TO 160
N1-N/10
N2=N-N1*10
WRITE(17,2015)COLqc),BASIN(IB),IT,N1,N2

2015  FORMAT(1X,'UP',1X,'BND01',5X,A3,A1,311,9X,'1.0000')
1 6o cONTrmE
1 65 coNIHurE
170 CONTINUE

C
c in-D-5-b ):BouNDs ON UNTREATED-WATER TRANspoRT pROJEors :K=6
C

DO 190 IBE=1,NBASIN
IF(IB.EQ.IBE.OR.NUWIP(IB,IBE).EQ.0)GO TO 190
Npm6=Nuwlp(IB,IBE)
DO 185 IT=1,NPRODS
DO 180 N=1,NP186

C
C IF PROJECT ALREADY ERIST BY_PASS THS STEP
C

IF(IFUIP(IB,IBE,N).EQ.1)GO TO 180
N1=N/10
N2=N-N1*10
WRITE(17,2o2o)COL(6),BASIN¢B),BAslN(mE),IT,N1,N2

2020  FORMAT(1X,'UP',1X,'BND01',5X,A3,2A1,311,8X,'1.0000')
i8ocoNTrmE
185 CONTINUE
190 CONTINUE

C
C III-D-5-c): BOUNDS ON rrREATED-WATER TRANSPORT PROJECTS :K=7
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C
DO 205 IBE=1,NBASIN
IF(IB.EQ.IBE.OR.NTWIP(IB ,IBE).EQ.0)GO TO 205
NP187=NTVIP(IB,IBE)
DO 200 IT=1,NPRODS
DO 195 N=1,NP187

C
C IF PROJECT EXISTS BY  PASS THS STEP
C

IF(IFTIP(IB,IBE,N).EQ.1)GO TO 195
N1=N/10
N2=N-N1*10
WRITE(17,2020)COL(7),BASINaB),BAslN(IBE),IT,Ni,N2

195 cONTrmE
200 CONTHWE
205 CONTINUE
210 CONTINUE

RETURN
END
S UBROUTINE ANCOST(IB ,K,N,IBE)

*****************************************************
* CALCULATES ANNUAL FIXED COST OF PROJECT
* Krms 1-7
*****************************************************

COMMON/C04HIFE(10,10,10),YIELD(10,10,10),CC(10,10,10)
COMMON/C06ITUIP(10,10,10),LFUIP(10,10,10),YLDUIP(10,10,10)
COMMON/C07/CCUIP(10,10,10),OMUIP(10,10,10),CUWIP(10,10,10)
COMMON/CO8flFTIP(10,10,10),LFTIP(10,10,10),YLDTIP(10,10,10)
COMMON/CO9/CCITIP(10,10,10),OMTIP(10,10,10),CTWIP(10,10,10)
COMMON/C14/AFC(10,10,10),AFCUIP(10,10,10),AFCTIP(10,10,10)
COMMON/C17/NBASIN,NPRODS,AMRATE,DELT,MNPDK,RATE,RTPRD

C
IF(K.EQ.6)GO TO loo
IF(K.EQ.7)GO TO 105
L=LIFE(B,K,N)
GO TO 110

100 L=LFUIP(IB,IBE,N)
GO TO 110

105 L=LFTIP(IB,IBE,N)
1 io coNTnurE

UCOST=(AMRATE*(1.+AMRATE)**L)/((1.+AMRATE)**L-I)
IF(K.EQ.6)GO TO 115
IF(K.EQ.7)GO TO 120
AFcaB,K,N)=ucOsT*cc(IB,K,N)

GO TO 125
115 AFCUIP(IB ,IBE,N)=UCOST*CCUIP(IB,IBE,N)

GO TO 125
120 AFCTlp(IB ,IBE,N)=ucOsT*corlp(IB,IBE,N)
125 cONTrmE

RETURN
END
SUBROUTINE S CALER
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C-----------------
C       *****************************************************
C     *  PROGRAMSCALER
C      *  PURPOSE:
C     *  THS PROGRAM \V]LL TAKE AS INPUT rITH MATRIX GENERATED By
C     *  PLAN  MOD PROGRAM AND VILL SCALE SUCHMATRIX SO THAT
C     *  IT CAiv BE USED BY LINDO WITHOUT SCALING ERRORS. TIIE
c     *  Row,COLUMN, AND OB]EorlvE SCALING FACTORS ARE
C     *  TO BE PROVIDED BY THE USER. ANINTERMEDIATE FHjE IS
C     *  PRODUCED BUTIT CANBE DISCARDED.
C      *  INPUT:
C     *         MATRIX GENERATED BY PLAN  MOD CALLED :
c     *                        PLAN_MOD_Our_MAT-RIx
C      *  OUTPUT:
C     *         SCALED MATRIX CALLED :
C     *                          PLAN_MOD_SCALED_MATRIX
C     *  PROGRAMMED BY: ERNESTO A. PEREZ
C      *                              JAN281985

*****************************************************
C

CHARACTER*32 FELE17, FILE18, FILE19
CIIARACIER* 8 FLAGGED ( 100)
CHARACThR* 1 ANSWER
LOGICAL     FOUND
INTEGER \VRERE
CHARACTER REST*26,LINE* 62,MARKER*8,TEMP* 14
INTEGER CSF,ORSF,RSF,LOOPER,LAST,I
REAL*8 NUMBER
WRITE(*,*)'DO YOU WISH TO SCALE THE MATRIX ?'
READ(*,'(A1)')ANSWER
IF(ANSWER.EQ.'N')RETURN

C
C OPEN FILES
C

E][EELL78=,pkAiAF#OsDc-fauFe#,ATRIx'
FILE19='PLAN_M6D_SCALED_MATRIX'
OPEN(17,FILE=FILE17,IOINTENT='INPUT',STATUS='OLD',

&PAD='YES')
OPEN(18,FILE=FILE18,IOINTENT='OUTPUT',STATUS='FRESH',

&PAD='YES',RECFM='DS')
OPEN(19,FILE=FILE19,IOINTENT='OUTPUT',STATUS=`FRESH',

&PAD='YES',RECFM='DS')
C

PRINT*,'ENTER COLUMN SCALING FACTOR (CSF). FOR EXAMPLE',
&' PROBLEM'
PRINT*,'A CSF=10000 IS APPROPRIATE. CSF=?'
READ(*,*) CSF
pRINI*,'ENTER ROw SCALING FAoroR (RSF). FOR EXAMPLE',
&' PROBLEM'
PRINT*,'A RSF=10000 IS APPROPRIATE. RSF=?'
READ(*,*) RSF
PRINT*,'ENTER oBTEcrlvE Row SCALING FACTOR (ORSF). FOR',
&' EXAMPLE'
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PRINT*,'PROBLEM A ORSF=1000000 IS APPROPRIATE. ORSF='
READ(*,*) ORSF

C
c READ ur`ITm COL CARD Is FouND
C

10 READ(17,20) LINE
20 FORMAT(A62)

IF(LINE(1:3).EQ.'COL')GO TO 30
WRITE(18,20)LINE
GO TO 10

30WRITE(18,20)LRE
35 READ( 17,40)TEMP,MARKER,NUMBER,REST
40 FORMAT(A 14,A8,F14.2,A26)

IF(TEMP(1 :3).EQ.'RHS')GO TO 60
IF(TEMP(5:5).NE.'Q')GO TO 50

C
C A CoLUMN VARIABLE IS FouND : SCALE TIH CoEFFICIEr`IT 8¥ CSF
C

NUMBER = NUMBER*CSF
50WRITE(18,40)TEMP,MARKER,NUMBER,REST

GO TO 35
60WRITE(18,40)TEMP
65 READ(17,20,END=70) LINE

WRITE(18,20) LINE
GO TO 65

70 CLOSE(18)
CLOSE (17)
OPEN(18,FILE=FILE18,IOINTENT='INPUT',STATUS='OLD',

&PAD='YES')
LOOPER=O
LAST=O
DO 711=1,100
FLAGGED 0)='         '

7 1 CONINIE
80 READ(18,20)LINE

IF(LINE(1 :3).EQ.'COL')GO TO 90
VVAITE(19,20)LINE
GO TO 80

90 WRITE(19,20)LINE
95READ(18,100)TEMP,MARKER,NUMBER,REST

IF(TEMP(1 :3).EQ.'RHS')GO TO 130
IF(MARKER.EQ.'MINCOST ')GO TO 120

100FORMAT(A14,A8,F14.5,A26)
IF((ABS(NUMBER-1.00000)).GT.0.0005)GO TO 105
LOOPER=LOOPER+1
FLAGGED(LOOPER)=MARKER
LAST=LOOPER

103 WRITE(19,100)TEMP,MARKER,NUMBER,REST
GO TO 95

105 NUMBER=NUMBER/(FLOAT@SF))
FOUND = .FALSE.
DO 106 I=1,LAST
IF(MARKER.EQ.FLAGGED(I))THEN

FOUND = .TRUE.
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WHERE = I
END IF

106 CONTINUE
IF(FOUND) FLAGGED(WHERE) = '         '
GO TO 103

120 NUMBER=NUMBER/(FLOAT(ORSF))
GO TO 103

130WRITE(19,100)TEMP,MARKER,NUMBER,REST
131 READ( 18,100) TEMP,MARKER,NUMBER,REST

IF(TEMP(1:3).EQ.'BOU')GO TO 150
FOUND=.FALSE.
DO 132 I=1,LAST
IF(MARKER.EQ.FLAGGED (I)) FOUND=.TRUE.

132 CONTINUE
IFq=OUND)GO TO 133
NUMBER =NUMB ER/(FLOAT(RSF))

133WRITE(19,100)TEMP,MARKER,NUMBER,REST
GO TO 131

150WRITE(19,100)TEMP,MARKER.NUMBER,REST
155READ(18,100)TEMP,MARKER,NUMBER,REST

IF(TEMP(1 :3).EQ.'END')GO TO 160
IF(MARKER(1 : 1).NE.'Q')GO TO 156
NUMBER=NUMBER/(FLOAT(CSF))

156WRITE(19,100)TEMP,MARKER,NUMBER,REST
GO TO 155

160WRITE(19,100)TEMP
CLOSE (19)
CLOSE (18)
RETURN
END
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