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ABSTRACT

This thesis presents a two-objective method for
water resources planning. One of the objectives 1is
to maximize exXpected net benefits, and the other is
to maximize robustness. In this thesis, robustness
is considered a measure of the sensitivity of the
projects performance to uncertain conditions. An
index of robustness is developed. The index is based
on the variation of net benefits from a project as
consequence of the uncertainty in determining the
parameters of water resources systems.

The two-objective problem is solved by
obtaining the Pareto curve, which represents the set
of non-inferior projects. The method uses screening
models as the optimization technique.

To prove the practical viability of the method,
it 1s applied to a <case study. The case study
consists in select from all possible projects to be
built in a hypothetical basin, those that represent
the best development alternative.
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IDENTIFICATION OF ROBUST WATER

RESOURCES PLANNING STRATEGIES

CHAPTER 1: INTRODUCTION

This thesis deals with water resources planning and, in
particular, with a method for developing robust planning
strategies. Through a literature review, I have realized that
water resources planning has a different meaning for engineers
than for Planners. Engineers generally consider water
resources planning as a series of mathematical techniques and
optimization models. Engineers often group these techniques
under the generic name of system analysis. For engineers new
Planning methods mean improvement of the mathematical
techniques, perhaps at the sacrifice of decision-making needs.
On the other hand, planners consider water resources
institutions, objectives, decision making processes, and other
social and economical issues. But planners do not usually use
analytical tools to introduce their concerns 1into a practical
analysis. This thesis should be considered as an effort for

narrowing the gap between theory and practice, between

12



engineers and planners.

The main objective in traditional water resources
planning is to maximize expected net benefits. With this
single criterion, the project or system of projects chosen for
implementation is the one that will generate more net
benefits. But most water resources planning situations are
subject to some degree of uncertainty. The actual construction
of the project begins years after the plan was completed. In
that time interval, some variables may change from the
planning forecasts. Hence, the actual net benefits from the
project may differ from the predicted net benefits.

As a consequence of uncertainty, there 1is a distribution
of possible net benefits to obtain from a project. Robustness
is a measure of the dispersion of that distribution of
possible net Dbenefits. If the distribution of net benefits is
widely spread, the project 1is considered non robust, because
het benefits depend heavily on the uncertain conditions. In
other words, non robust projects are those whose performance
depend on the value that uncertain variables happen to take.
Robust projects, on the other hand, are those which are able
to maintain relatively constant net benefits under a range of
conditions,.

Since uncertainty 1is almost always present 1in water
resources planning, robustness is a desirable characteristic
of a project, because it indicates relative guarantee of net

benefits from the project., Another desirable characteristic of
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a project is to produce as much net benefits as possible. In
most water resources systems, however, the most robust project
is not the one which produces the greatest net benefits. There
exists a tradeoff between robustness and net benefits: those
projects with the greatest robustness are those with lowest
expected net benefits and vice versa.

The central topic of this thesis (s to introduce a new
decision making method for water resources planning. The
method does not represent a mathematical advance, but the
modification of existing planning practices to provide
decision maKers' information needs. The method evaluates the
robustness and expected net benefits of the projects and ends

up with a two-objective problem.

1.4.- OVERVIEW OF A MULTIOBJECTIVE METHOD FOR CONSIDERING

ROBUSTNESS

The multiobjective decision-making method propose in
this thesis is intended to be applied to screening models. A
screening model is an optimization technique which identifies
from all possible projects that could be built in the basin,
the set of projects that would generate the optimal value of
an objective function. The traditional solution to screening
problems comes from the use of an optimization algorithm,
mostly linear programming. A single optimal alternative is
identified with respect to an unique objective function:

maximization of benefits minus costs. The incorporation of
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robustness into the decision process improves traditional
screening models, because it allows wuncertainty to be
considered and provides a two-objective (robustness and
expected net benefits) tradeoff graph.

This thesis considers both robustness and expected net
benefits to be important criteria for final project choice.
Suppose that we are able to identify several alternative
projects which have great robustness or great expected net
benefits or, even better, both. These projects are called
candidate alternatives. To consider candidate alternatives
implies that no single optimal alternative exists. In fact,
for a single optimal alternative to exist, it should have the
greatest robustness and the greatest expected net benefits.
Such an alternative is highly wunlikely in two-objective
decision problems. Therefore, we need to compare among
candidate alternatives, one of which will be the final choice.
Comparisons are made by using a two-objective tradeoff curve,
The tradeoff curve, also called the Pareto curve, is obtained
by plotting the points corresponding to the <candidate
alternatives. Figure 1-1 shows three points of this curve.
Alternative A has the greatest expected net benefits, but the
lowest robustness. Alternative C has the greatest robustness,
but the lowest expected net benefits. Alternative B has
neither the greatest robustness nor the greatest expected net
benefits. However, if this graph were presented to a decision

makers, the probable chosen alternative would be B, because it
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has almost as great robustness ag C, and almost as great

expected net benefits as A.

FLEXIBILITY

ALTERMYIVE
nac) - — P ALYERRAYIVE B

napg{4— — 4 ————— —&§

l ALYERMATIVE A
) 4— — -———-——--—-—-'—-®
| —
FIGURE §-1: Two-objective tradeoff curve for

Alternatives A, B, and C

The Pareto or tradeoff curve is the final result of the
two-objective analysis. But before obtaining the Pareto curve,
two values for every candidate alternative must be calculated.
The first value is the expected net benefits of the given
alternative. Cost-benefit techniques are widely wused to
calculate this value. The second value i3 the robustness of
the given alternative., 1 have not found any practical
formulation of robustness in the literature. Therefore, as a
prior stage to obtain the Pareto curve, I had to develop a
method to measure robustness in water resources projects.

Robustness may be evaluated by assessing the potential of

16



the basin to pr&duce net benefits under uncertain conditions.
The potential of the basin {8 the expected net benefits
obtained from an ideal project which is always able to exploit
all hydraulic resources that ‘the basin has. When conditions
are favorable (for example, it crop prices are greater that
what was forecasted) the potential of the basin {8 greater
(1.e. more benefits can be obtained from the irrigation
projectgs in the basin). However, if conditions are unfavorable
(for example, if crop prices drop) the potential of the basin
decreases., Figure 1{1-2 showgs the potential or maximum net
benefits of a basin assuming only irrigation projects and
undertalnty in crop prices.

The upper curve shows the potential of the basin in the
form of the distribution of expected net benefits as a

function of crop price. The lower curve shows the uncertainty

EIPECTED
ET MENEFITS
POTENTIAL NEY BENEFITS OF THE BASI
CRoP PRICES {-C)
DISTRIBUTION OF CROP PRICES
Prob (C)
FIGURE 1-2: FPotenttal of a basin used for Irrligation

under uncertain crop prices
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in crop prices, represented by its probability distribution
curve. We see that the potential of the basin increases as
crop prices increases, but we also see that the probability
that crop prices take these high values is small. Therefore,
the probability that the basin has these high potentials is
small, because it is wunlikely that crop prices will be that
high. In this thesis, the potential of the basin is called
Ideal Net Benefits Curve, and 1its importance as reference
curve for evaluating robustness of the alternatives Iis
discussed below.

Robustness of a project has been defined as a measure of
the variation in the distribution of possible net benefits as
consequence of uncertainty. Variation of project net benefits
has to be measured with respect to something. The most
appropriate reference is the potential of the basin to produce
net benefits. With any other reference, the measure of the
variation of net benefits is misleading as a measure of
robustness of projects. If we do not take the potential of the
basin as reference, robust projects would be those which give
the same net benefits wunder any condition, ignoring that
certain conditions may in fact be favorable and better
performance should be expected from the project. As a result,
the most robust project would be to build nothing, which
yields exactly the same net benefits for any conditions: zero.

The net benefits of a given alternative to be built in

that basin depends also on the uncertainty of the variables.
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For example, net benefits of an Alternative A depend on crop
prices, as shown {n F{igure 1-3. When crop prices are lowepr
than Py, Alternative A yields negative net benefits. In other
words, the agricultural costs are greater than the benefits

from selling the agricultural products at price Py.

EXPECTED
IET DENEFITS
IET JERFITS OF ALYERRATIVE 4
) CIor RICE
FIGURE 1-3: Net benefits of an Alternative A under

uncertain crop prices

Comparison of Figure 1-2 (potential of the basin) and
Figure 1-3 (net benefits of Alternative A) indicates how far
Alternative A (s {from realizing the full potential of the
basin. We define the difference between the two curves to be
the "Delta Curve®" for Alternative A (see Figure 1-4). Delta
curves are important because the robustness of an alternative
is directly related to the shape of its delta curve. Compare

two delta curves, for Alternative A and for Alternative C
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POTENTIAL RCY BENEFITS OF THE BASID
EXPECTED o —

IET JENEFITS L

=" T JIREFITS OF ALTEEMATIVE A

LA
N

.-
0"’

——— 4 —— o

-7/ |
: DELTA CURVE OF ALTERMATIYE A
/'y n CROP PRICES
FIGURE {-4&: Delta curve of an Alternative A
(Figure 1-5), The curve for Alternative C 1is almost

horizontal. This shows that the net benefits from Alternative
C are relatively independent of crop price. However, the net
benefits from Alternative A depend strongly on the crop
prices. For crop price Py, Alternative A achieves the full
potential of the basin, but for any other crop price,
Alternative A is fncreasingly less attractive. We may conclude
that Alternatives B and C are more robust than Alternative A.
Although the assessment and study of robustness 1is an
original contribution of this thesis, (t {8 not a sufficient
criterion for decision making. Consider two alternatives whose
delta curves were shown in Figure 1-5, Alternative C is more

robust than Alternative A. But Alternative A is much closer
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DELTA

P ~——— LM e

ALTERMTIVE D
ALYERMTIVE A
h CROP RRICES
FIGURE 1-5: Comparison of three delta curves, for

Alternatives A, B, and C

than Alternative C to reaching the potential of +the basin for
any crop price. In other words, although A is less robust than
C, A aljways produces more net benefits than C. There {is,
therefore, the need to consider robustness along with expected

net benefits as in the Pareto tradeoff curve in Figure (-1,

1.2.- ORGANIZATION OF THE THESIS

Chapter 2 serves as an introduction to the current water
resources planning methods, called system analysis techniques.
The first part of the chapter reviews the existing planning
techniques and discusses their current use {n real planning
situations. There are some jinstitutional problems that reduce
the utility of system analysis techniques. Part of the problem

is that these techniques do not completely respond to decision
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making information needs. Four improvements to traditional
system analysis techniques are analyzed in the second part of
the chapter: (1) multiobjective analysis, (2) identification
of nearly optimal alternatives, (3) stochastic planning, and
(4) the use of performance indices.

Chapter 3 introduces the concept of robustness in water
resources planning. My concern with robustness is a
consequence of the presence of uncertainty in water resources
variables and parameters. An index of robustness is formulated
based in the distribution of projects’ outcomes as consequence
of uncertainty. Also in this Chapter, 1 describe a step-by-
step method for identifying the robustness-net benefits
tradeoff curve based in a screening analysis.

In Chapter 4, the general approach of Chapter 3 is used
in a specific hypothetical water resources planning
application. This case is concerned with deciding the most
appropriate set of projects to be implemented in a basin.
Possible projects are dams, irrigation areas, hydropower
plants, and an intrabasin transfer. The case study is fully
solved, and tables and computer outputs are accompanied in
three appendixes.

Chapter S5 summarizes the importance of robustness in
water resource systems, and comments on the improvements that
the method represents to traditional screening models. Some
limitations of the robustness method and possible improvements

are also discussed.
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CHAPTER 2: LITERATURE REVIEW

The design of a water resources planning system is
complex enough to require the development of mathematical
techniques for the analysis. Variables describing the system
and their relationships can be represented through
mathematical equations, forming what is called a model. Models
can be used to predict the response of the system and to
evaluate the benefits derived from water resource project.

Some degree of formal and objective evaluation method is
always present in water resources planning. Therefore most
planning use some mathematical techniques for modeling,
analysis, or solution. There are given many names: operations
research, management science, system engineering, etc. The
most standardized name in water resources planning is system
analysis. This section summarizes system analysis techniques
used in water resources planning and comments on their use in
actual planning situations.

0Of course, not all issues of interest to the planner are
reducible to mathematical form, nor are all water resource
systems fully understood, or easy to identify, describe, and
model . In water resources there are many other social,

political, economical, and institutional factors which can
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only partially be introduced 1in formal models. Concern is
found in the literature t0 adapt existing system analysis
techniques and to devise new ones which, rather than search
for optimal designs, provide help to decision makers., HNew
methods in water resources planning, such as multiobjective
analysis, identification of nearly optimal alternatives, and
stochastic planning, do not end up with the optimal system but
provide 1information on the alternatives for the decision-
making proceggs. Since the decision-making oriented approach to
planning is a central issue in this thesis, these techniques

will be extensively considered later in this chapter.

2.1.- CURRENT METHODS IN WATER RESOURCES PLANNING

Friedman et al. [1984] review models and techniques
currently used 1in water related problems. Rogers [1979] and
Rogers and Fiering (1986} describe a study which 1i{s similar
but limited to problems which involve some optimization.

Following Rogers and Fiering [1986], there are five main
groups of system analysis techniques: (1) Analytical
optimization models and techniques, (2) Simulation combined
with search and sampling techniques, (3) Probabilistic models
and techniques, (4) Statistical techniques, and (5) Other
related techniques (cost-benefit analysis, input-output
analysis, and game theory). The first two are the most used

system analysis techniques and the only ones that are

discussed here.
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2.1.4.- Optimization models and techniques.

Optimization models are a widely spread water resources
planning technique [Rogers, 1979)]. They are formed by decision
variables, parameters, objective function, and constraints.

Decision Variables. Variables define the configuration

and operation of the system which 1is being optimized. Their
value provide the solution to the problem. For example, when
trying to obtain the best reservoir size, the main variable is

the volume of the reservoir.

Parameters. Parameters describe the fixed properties of

the system to be modeled. Parameters are independent and their
values do not vary during one particular run of the model.
However parameters which are not well known, or which are
liKely to change during the life of the project (i.e. water
prices and demands) can be frequently varied in independent
runs creating sensitivity analysis.

Objective function. The objective function is a

quantitative measure of the main objective of the projects.
The most common objective function is the mathematical
relationship of decision variables and parameters that
describes the benefits minus costs from the project.

Constraints, Constraints are the relationships among

parameters and variables that describe the system operation
and characteristics. Normally constraints are mathematical

equations in form of equalities, inequalities, integral, and

25



differential equations. A typical example are the continuity
constraints for a reservoir: the water stored at the end of a
season is equal to the water that was stored at the beginning
of the season, plus all the i{nflows received, and minus all
the releases and diversions during that season.

Optimization techniques require a formal search procedure
for the set of decision variables that optimize the objective
function while satisfying all the constraints. When objective
function and constraints can be expressed as linear algebraic
equations, the set of decision variables which maximize the
objective function can be found with a technique called 1linear
programming. Several algorithms to solve linear programming
are available in commercial software packages.

When some of the variables can only take an integer value
(zero or one), the optimization problem may be solved with
integer programming. The use of integer programming provides a
way to introduce more constraints into linear problems, as,
for example, fixed costs for the facilities,. Integer
programming is also available in software packages.

Non-linear programming differs from linear programming in
that the objective function and constraints may be non-linear
functions of the decision variables. There is not general
solution for non-linear problems, but techniques are available
for special cases, such as quadratic programming (in which the

constraints remain linear, but the objective function takes

quadratic form).
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Dynamic programming is a method to solve linear and non-
linear problems which have a sequential character. Such
problems can be divided in stages (i.e. years or seasons), and
decisions are required at each stage. A decision taken in a
given stage affects to the next stage. Although there is not
generatl software available for dynamic programming,
computational procedures are relatively simple for a limited

number of stages and decisions.

2.1.2.- Simulation techniques

Simulation techniques produce information on the
performance of the system under different sets of input
parameters. Simulation techniques <can include an objective
function. In that case, for each simulation run, a value of
the objective function is obtained. By performing many runs, a
response surface formed by the values of the objective
function can be created. Some sampling or search procedure can

examine the response surface and obtain nearly optimal

solutions.

2.2.- CURRENT USE OF PLANNING METHODS

Assessment on the use of system analysis planning methods
in actual water resources planning situations differ among
authors. Two recent surveys show very distinct results. Rogers
and Fiering [1986]), using in part results from Rogers [1979],

conclude that agencies and major consultants only appear to
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use system analysis techniques in few cases. This pessimistic
view differs from the conclusions of Friedman et al. ([1984],
using results of a study performed by the U.S. Congress Office
of Technology Assessment (OTA) in 1982. Friedman et al. [1984)
conclude that water agencies and organizations extensively use
mathematical models to find solutions to water resources
problems efficiently and effectively.

The contradictory conclusions in these studies result in
part from the different meaning of system analysis techniques
for the authors. Rogers and Fiering [1986] only researched
optimization techniques, while OTA [1982] surveyed techniques
used to solve any Kind of water related problem. Despite their
differences, there is a common conclusion 1in both studies:
that the potential of system analysis and other mathematical
techniques can be improved with the understanding of some
institutional {issues in water resources agencies which
currently limit the application of the techniques. In what

follows, four issues are discussed.

i. Institutional resistance to use system analysis

techniques. Sophisticated mathematical models of analysis

require great specialization. Rogers and Fiering [1986] in
their study conclude that complex water resources models are
not easily understood by many decision makers. Even senior
planners and engineers, trained before system analysis

techniques were wused, have problem to understand the methods.
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Then, those who supposedly head agencies divisions and
departments, have difficulties to accept system analysis as
new planning methods. In addition, the use of system analysis
for non specialized people may produce wrong results. For

Rogers and Fiering [1986) this may undermine even more the

confidence in the new techniques.

2. Lack of communication between decision makers and

analysts. Part of the lack of communication is a consequence
of the newness and complexity of the techniques and of the
difficulties of decision makers to understand them. But there
is also lack of communication due to the use of optimization
techniques as mathematical tools that "guarantee®" the best
solution for the given problem. Single best solutions do not
leave any room for negotiation, and that come from techniques
that in fact ignore part of the social, ©political, and
economical environment in what decisions are taken. When
analysts use system analysis as substitute for decision making
Judgement, decision makKers are likely to perceive it as an
imposition and a threat to their authority.

However, 1if techniques are used with the perspective of
providing decision making needs for information, communication
between analysts and decision makers is improved [Meyer and
Miller, 1985). Techniques are able to perform the analysis
under the different optimization criteria and policies that

decision maKers need to evaluate their decisions. In this
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sense, system analysis can become very useful and accepted.

3. Institution’s conditions to use System analysis.

Development of system analysis techniques within water
resources agencies requires at least four main conditions:
specialized personnel, computer facilities, training of
support people, and availability of data. For Friedman et al.
[(1964)], agencies and institutions do not have overall
strategies for introducing system analysis in their evaluation
methods. Consequently, when finally agencies decide to use
system analysis, some of these four conditions could not be
available and system analysis techniques do not result the
efficient planning method that was expected. To complicate
more this situation, no coordination exists among water
Planning agencies [Friedman et al., 1984], and the possibility

of sharing resources and experiences among agencies is lost.

4.- Instjtutional situations in less developed countries.

A priory systems analysis should be more effective in less
developed countries (LDC's) than in developed <countries
(DC’s). wWhile in DC’s major water resources systems are
already in place and current planning 1is only made on small
systems, in LDC's +there are still large undeveloped water
resources systems to which system analysis application is more
effective [Rogers, 1979). Other advantage in LDC’s is that the

decision makKing process is simpler and easier. Simpler in the
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sense that decisions are more centratized, what reduce the
number of parties 1involved 1in the process. Easier because
objectives are fewer (normally national or regional economical
growth) and more clearly defined, what simplifies the
technical analysis. Institutional problems in LDC'’s are
similar to those on DC’s8, although the main problems could
arise from the 1lack of +trained personal, computational
resources, and lack or non reliability of data.

Rogers [1979] reports detailed characteristics of 22
cases of application of system analysis techniques in the

developing world. Most of them were successful.

2.3.- ADAPTATIONS OF SYSTEM ANALYSIS TECHNIQUES TO DECISION

MAKING NEEDS

There are differences between best in the real world and
optimal in the mathematical world. The mathematical solution
is unlikely the best solution for the planning problem [Chang
et al., 1982). To improve system analysis the +first tendency
is to enter more variables, more relationships, and more
complex equations. Large-scale models represent a challenge
for research and devise of solution techniques. But large and
complicate models may be less effective in the real world than
simple models, not only because they may not represent a
significant increase in the efficiency of the model, but also
because they may be too complicate for other people to

understand, apply, and solve.
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System analysis techniques are supposed to aim decision-
making information needs. The analyst should realize that what
causes a project to be implemented is a decision, and not the
models, and techniques. These, however, increase the chance
that the decision is correct. Therefore, analysts should use
system analysis to identify performances and consequences of
alternative projects and be able to clearly present the
information, recognizing that decision makers are normally not
familiar with the technical analysis.

Four improvements to system analysis are found in the
literature, These improvements are: (1) multiobjective
analysis, (2) identification of nearly optimal solutions, (3)
stochastic planning, and (4) definition of indices to indicate

properties of the alternative designs.

2.3.1.- Multiobjective analysis

River basin problems are concerned with the allocation of
water among several uses and development alternatives.
Traditionally planners have used a single economic objective:
maximization of national income, also <called economic
efficiency (benefits minus costs). However, public investment
for river basin development is multiobjective. Different
objectives are environmental, recreation, unemployment
reduction, regional development, national self-sufficiency,
etc. Solutions to water optimization problems are straight

forward when a single objective is considered and the rest are
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ignored. The solution i{s not that easy when the problem has
conflicting objectives. However, theoretically, single optimal
solution exists. The procedure to find 1t consists in three
stepg: (1) £ind the possibility frontier curve (formed by the
projects which represent the best possible tradeoff among the
objectives); (2) find the social indifference utility curves
(that show the social tradeoff among the objectives); and (3)
find the tangent of the maximum possible social indifference
curve with the objective possibility frontier. Figure 2-1

displays the method for the case of two objectives,.
WIECTIVE 2 NN ylmnmm

POSSIBILITY FRONTIER CURVE

\
OPTIMAL
SOLUTION ~——

l T

1

1 J

OBJECTIVE {
FIGURE 2-1: Theoretical multiobjective optimal

solution

Although theoretically simple and logical, the process
has almost unsolvable practical problems. First the

determination of the measure of merit for each objective. How



to measure the benefits from ecological preservation?:
according to the number of wild animals? There are not
markets for many of these objectives, and then there are not
conventional measure of benefits and costs. In fact, if there
was a market, it would be possible to find a way to end up
with monetary measures of merit for any objective, and to
convert the problem 1in single-objective. The multiobjective
problem arises because merits for different objectives are not
comparable.

Second problem is the determination of social
indifference curves., They are very difficult to formulate for
practical applications. Many authors do not recommend that the
analysts select the curves, because of practical difficulties
when quantifying preferences of the society. Without social
indifference curves, the multiobjective problem do not likely
have single optimal solution.

The third problem is the generation of the frontier
curve. For many analysts, multiobjective analysis is just this
step. Almost all efforts in multiobjective planning are
centered in studying new and more effective methods for
finding the frontier curve, The basic problem to solve is
called vector optimization, since the objective function is a
vector instead of a scalar:

objective function: Max Z - Z (Zy, Zp, .., Zp]

and constraints: Zy = Cgy Xi

AIJ Xl“BJSO
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X; 2 0

A vector cannot be directly maximized or minimized. Only
a set of non-inferior solutions can be obtained. This set
defines the <called Pareto possibilities frontier curve, or
simply frontier curve or Pareto curve., Cohon and Marks [1975]
summarize the techniques developed to solve the vector
optimization problem. In their study, they conclude that of
the techniques available, many do not have practical
application to multiobjective water resources problems. Also,
for cases of more than four objectives an efficient method is
yet to be developed (presently, only the <called subrogate
worth trade off method <c¢an be applied when great computer
resources are available). For Cohon and Marks, for cases with

up to four objectives, the best method is the constraint

method.
The constraint method consists in the following
optimization:
objective function: Max Zp
with the new constraint: Z, * Ly , 1 = m
and the old constraints: Zy = Ckyi Xj
Agj X3 - By £ 0
X{ 2 0

Then, Zp 1is maximized subject to lower limits L; in the
other objectives. If this problem is solved using LP, it has
the advantage that sensitivity analysis (included in most of

LP packages) can rapidly obtain solutions for different values
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of L;’s.

There 1is small chance that social utility curves are
availabie. Therefore no further choice among non-inferior
alternatives could be taken, and the frontier curve is to be

presented to the decision makers.

2.3.2.- Identification of nearly optimal solutions

The global optimum of a mathematical model 1is not the
only solution of interest for the decision maker;
identification of different alternatives within acceptable
ranges of the objective function represent solutions to the
same problem but with more possibilities for negotiation and
agreement among parties involved 1in the decision making
process. These other alternatives, very close to the optimal
solution is terms of the objective function value, but which
are significantly different decisions in terms of the decision
variables values, are called nearly optimal solutions.

The major problem for 1identifying nearly optimal
solutions is the lack of computer software available.
Optimization algorithms are designed to reach the single
optimal solution and they generate little information about
nearly optimal solutions.

Harrington and Gidley [1985) suggest a simple and
interesting procedure to analyze nearly optimal alternatives
when using a LP package. The procedure assumes a LP problem

which has a single optimal solution:
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objective function: Max Z

and constraints: Z = Cj X4
Ajy Xy - By ¢ 0
Xj 0
and the single optimal solution is: Z - Z*

To generate ajternative optima the software package 1is

repeatedly applied but introducing a new constraint:

Ciy Xi ¢ o Z*

In case that a = 1 the global optimal solution Z* is obtained
again. For other nearly optimal alternatives, « should take
any values inferior to 1. As closer is the value to {, "more
nearly optimal®" the solution is. The studies made by
Harrington and Gidley [1985] prove that a great number of
nearly optimal solutions exists within 0.5% o0of the global
optimal objective function value.

Other attempts have been made to generate objective
functions in which the maximum value of some decision
variables are randomly constrained. When these constraint are
varied, new objective functions are maximized, and nearly
optimal solutions are obtained.

The consideration of nearly optimal solutions has the
potential not only of producing better decisions, but also of
producing better wunderstanding of the nature of the decision

problem itself.

2.3.3.- Stochastic Pitanning
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Many of the factors that define the performance of water
resources systems cannot be Known with certainty when the
system 1is planned. Most of the ©planning is made under
uncertain circumstances. The simplest approach is to take some
simple probabilistic measure (mean, median, mode) for the
uncertain variables, and then proceed as on a deterministic
problem.

There is a second approach to deal with wuncertainty that
is to evaluate the consequences of uncertainty in a given
system design. Loucks et al. (1981) review some methods under
this approach. The maximum expected net benefits method
considers the following problem:

L [NB (X v )
B NB (X | W1 P

J
where NB (X1 | WJ) are the net benefits of the system whose
given design 1s described by the decision variables X;, when
the uncertain parameters take the value W;, and Pjy 1is the
probability of occurrence of W;. The project with greater
expected net benefits the <chosen. In essence, this method
selects, for given alternative projects, the one with better
average performance. It can be called compromise solution.
Other of the methods indicated by Loucks et al. [1981],
the max-min method, uses a most pessimistic criterion: from
all the given projects, the smallest net benefits of every
project are calculated, and the <chosen project is the one

whose smallest net benefits are the greatest. It is a way to

favor alternatives which provide A minimum of benefits every
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Year over other alternatives more profitable on the average,
but that may produce very low net benefits in same conditions.
In Dbetween both methods, one overreacting to poor
outcomes and other ignoring them, there is the utility theory.
Its basic point 1is to define the utility function. From
decision maker’s preferences, indifference situations, and
risk premiumsg, a continuous utility curve might be drawn (see
Figure 2-2). Keeney and Raiffa [1976], the traditional
decision analysis book, show how to obtain utility curves and
how to include in them other attributes than money. In util ity

analysis, the new objective function value is utility, and the

problem i3 to maximize {t.

nin
i 44—

UTILITY CORVE

NET BENEFITS

FIGURE 2-2: Typlcal form of utility curves

Utility theory has many favorable points. It represents

directly social or decision maker's preferences and tradeoffs.



For example, bad outcomes are more heavily weighted than good
ones. Sensitivity analysis «could be applied for different
utility curves, and conclusions stated for debate and
participation. Difficulties in utility theory arise when
quantifying preferences to assess utility curves. Different
decision makKers, representing social and political groups,
likely have different perspectives of social values and
preferences., Consensus in a utility curve might be impossible,
and then the conclusions rejected for those with different
utility curves.

The second approach to deal with uncertainty 1is to
identify optimal alternatives under uncertain conditions. The
main method of this approach is stochastic linear programming,
suggested in part by Loucks et al. [1981]. We assume the
original deterministic formulation:

Max NB,
Subject to: NB = C; X,
Ajj Xj - By ¢ 0
Xy 2 O
where C;y, AIJ' and BJ represent the parameters of the model.
In stochastic linear programming some of these parameters are
no deterministic. Assume that Cg is uncertain, and its
probability distribution is represented in Figure 2-3.

There are certain steps to be taken to solve the problem.

First, the continuous probability distribution function for Cyg

has to be approximated by a discrete distribution function, as
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In stochastic linear programming, it is important to
distinguish two Kkind of decision variables: design decision
variables and operational decision variables. Design decision
variables define project sizes. Operational decision variables
define operation rules of the projects once they are built.
This is extensively discussed in Chapter 3.

The second step s to write the original optimization
model as dependent on Cyx!, with t = 1,2,..,9 (q9 1is the number
of discrete intervals of the uncertain parameter Cg). We also

consider the decision varifables XJ’ with J = t,2,.., K-1, to
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be design decision variables, and the decision variables Xy,

with j = k,k+1,..n, to be operational decision variables. We

can write:

NB! - Cy Xy + Cp Xp + .. + Cp-q Xg-q + Cki in + .. + Cp an
NBZ = Cy Xy + Cp Xz + .. + Cg-y Xg-y + Ck2 X2 + .. + Cp Xp®
NBd - Cy Xy + Cp Xp + .. + Cg-q Xg-q4 + Cxg9 X9 + .. + Cp Xp9

Operational decision variables take different values
depending on the wuncertain conditions: for any future
condition, there are a set of operational decision variables
that obtains the maximum possible benefit from the projects.
However, design decision variables can take only a value,
because the size of the project can not be adapted to the
possible future conditions,

The new optimization problem is now:

Max ([NB! p(cgl) + NBZ p(Cg2) +..+ NBY p(Cg9)] =

= Max L NBD p(cg®)
m:=1,2,..q

Subject to: Ajy X;m - By ¢ 0
Xxi® 20
Note that the value of the superscript m in decision variables
Xi™ depends on the type of decision variable:
design decision variable: m does not have any value
operational decision variable: m = 1,2,..q.
The new problem continues being linear, but the number of

constraints and variables is significantly increased. The big

size of the problem is in fact the main limitation of
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stochastic linear programming.

As a conclusion, there are two main approaches to deal
with uncertainty: (1) to forecast the consequences of
uncertainty, and (2) to <choose between alternatives which
yield wuncertain benefits. Loucks et al. [{1981), when
evaluating methods and models for both approaches, concludes
that uncertainty models should not be used to identify single

best solutions, but to eliminate clearly inferior

alternatives.

2.3.4.- Indices

Indices are quantitative measures that compare
performance of different alternatives under some given
criteria. All the indices discussed here are consequence of
uncertainty in water resources planning. Indices rank projects
in regarding their performance under the following criteria:

{. Probability that the project fails

2. How bad are the consequences of the failure

3. Probability that the project will perform reasonably

well under different demand conditions.

Criteria { and 2 are respectively measured by the
reliability and vulnerability indices. For <c¢riterion 3, two
indices are appropriate, although their definitions are
slightly different, and so their proposed formulae:

resiliency, and robustness. In what follows, the four indices

are proposed and analyzed.
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1.~ Reliability Index

Reliability index measures probability that the project
has no failure within the planning period. Hashimoto et al.
[1982a]) proposes the following formulation:

Irey = Prob [ Xy € S ]

where:
Ire] = Index of Reliability
Xt = Variable that describes the system’s output at
time t (t takKes the discrete values 1, 2, ... .)
S : Set of all satisfactory outputs

Reliability is opposite to risk, or what is the same, the
probability of failure. In this sense, risk index 1is defined

as 1_Irelo

2.~ Vulnerability Index

Vulnerability index measures the magnitude of the
consequences of a failure, given that it has occurred. It does
not consider the length of time until the failure, nor the
number of failures, nor how long the failure lasts.
Vulnerability only refers to how severe the consequences are.

Hashimoto et al.[1982a] proposes the following formula:

where:
Iyul = Index of Vulnerability
SJ = Severity of the consequences
EJ = Probability that the consequences be with severity
S.
J
F = Set of unsatisfactory outputs (failures)
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3.- Resiliency Index

Resilience 1is a term Known 1in other sciences 1iKe
ecology, materials, economy, and structures. There 1is not a
common generalized definition for resiliency. In general,
resiliency is associated to adaptation to new (no projected)
situations, and to recovery from surprises and adverse
situations.

In water resources there are two approaches to
resiliency. First, for Hashimoto et al. [1982a], resilience
describes how quickly the system will liKely recover from a
failure. Their mathematical formulation is based on the time
of recovery. They propose the following measure of resiliency:

If T 1s the time that a system remains unsatisfactory
after a failure, the index of resiliency is 1/Tg; considering
expected values, is possible to define T:

E [T = 1 Prob X € S X €F
(T, /1 [ X, | X, )3

+1
where:

Xt+4 = Variable which describes the system’s output at
time t+1

S = Set of satisfactory outputs

Xt = Variable which describes the system's output at
time t

F = Set of unsatisfactory outputs (failures)

and by definition of index of resiliency Ipeg:

1 = Prob [ X € S ' X € F )
res t+1 t

Second, for Fiering [1982a, b, c, and d) resiliency 1is
the probability that the system will operate well enough when

unlike events occur. This concept of resiliency is similar to
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the notion of robustness described below. According to
Fiering, a system is robust to <changes in certain variables
when the partial derivative of the systems response {8 small
for these variables. But, and this is Fiering's distinction
between robustness and resiliency, even if the system 1is not
robust to certain variables it may be resilient as a whole. A
resilient system accommodates the surprise produced in several
of its variables by <changes in the remaining variables.
Resiliency, therefore, should be measured as relations among
total derivatives:
dz/dxy = L (9z/9xj) (0x3/9x;)

A linear combination of all the total derivatives dz/dx;
measures the resilience of a given system as a whole.

Other criteria and alternative measures of resiliency are
proposed by Fiering [1982b). In fact he proposes up to eleven
different alternative indices of resiliency, based in
residence time in non-failure state, and combinations of
passage time between failure and non-failure states.

The method of the total derivatives proposed by Fiering
[198B2a) was wused by Allan and Marks {1984] to measure the
resiliency of agricultural systems in developing countries.
They <concluded that a system design can be expected to be
resilient when the expected performance degradation due to
"unpleasant surprises" in the planning parameters is less than
the expected degradation in the planning parameters

themselves.
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For practical applications, highly resilient systems are
considered to be those which <contain many redundances of
design. For these systems, proper operation rules minimize the
unpleasant effects of surprises. Large systems with many

connections have proved to be the most resilient.

4.- Robustness Index

For Fiering ([1982a), robustness and resilience mean very
much the same. However for Hashimoto et al. ([t1982b),
robustness has other meaning. They consider robustness as a
measure of the possibility and expenses of adapting a system
to future conditions different from those for which the system
was calculated. It is the <cost of not having perfect
information about the future. The index they propose is:

I b C Prob [ C(q|D) - L(q) ¢ B L (q) ],

ro
where:
Irob Index of Robustness
q Future conditions

D = A particular alternative (Project or Design)
C(q|D) = Cost of accommodating the alternative D to
the future demand conditions gq

L(q) = Minimum accommodating cost among all the
alternatives

B = Level of robustness

Under the "demand conditions" term used by Hashimoto et

al. (i1982a), there are grouped the set of future conditions
which affect the project (demand, costs, prices, ...) and
which are uncertain and liKely to vary.

This thesis uses a different concept of robustness,

already introduced in Chapter 1. Robustness of a project is a
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measure of the dispersion

project as consequence

of possible net benefits from the

of uncertainty

According to this criterion, an index

developed in Chapter 3.

in some parameters.

of robustness is
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CHAPTER 3: A METHOD FOR INCORPORATING ROBUSTNESS 1IN
PLANNING DECISIONS

This chapter describes a method to identify robust water
resources planning strategies. The method is a multiobjective
analysis of the water resources system. One of the objectives
is to maximize robustness and the other 1is to maximize
expected net benefits. The reason for analyzing robustness 1is
the presence of uncertain conditions in the basin. Robustness
is a measure of how sensitive the project 1is to uncertain
parameters. A project is called robust when its performance is
relatively constant wunder different conditions. 1In this
thesis, robustness is considered a desirable property of a
project. The measure of project robustness, as indicated in
Chapter i, is based on the distribution of net benefits from
the project under uncertain conditions.

In multiobjective analysis, no single best project
exists., Therefore the outcome of this method is to define
several non-inferior development alternatives for the water
resources system. The method begins by displaying all possible
projects to be built in the basin. From these, after the
method is applied, the projects or combinations of projects
with greater robustness and expected net benefits are

identified. One of them will be the final development choice.
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3.1.- DESCRIPTION OF THE METHOD

Previously to applying the method itself, we must write
the screening model for the basin. The screening model is an
optimization technique that selects among all possible
projects that could be built in the basin those which provide
the greatest value of the objective function (normally the
objective function is to maximize net benefits <from the
basin). In particular, a screening model is a group of
mathematical relationships that represent the water system,
including all possible projects to be built and all possible
uses for the water. Projects are defined by their decision
variables. To solve the screening model consists in obtaining

the optimal value of every decision variable, that define the

most profitable set of projects to build. The model contains
two main elements: objective function and constraints. Both,
objective function and constraints, are mathematical
expressions of parameters and decision variables.

The objective function is a quantitative measure of the
main policy criterion: maximize economic efficiency, minimize
unemployment, etc. If, for example, the <c¢riterion is to
maximize economic efficiency, the objective function could be
the mathematical expression of benefits minus costs. Benefits

and costs are considered for a typical year, that is assumed

to be repeated during the water system lifetime.

Constraints are mathematical expressions which show the
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physical conditions (water continuity, maximum sizes, etc.),
institutional conditions (water priorities, operation rules,
etc.), and social-economical <conditions (demands for water,
pPrices and costs, etc.) of the basin or water resources
system,

The mathematical representation of a screening model
looks 11ikKe:

(for the typical year)

- objective function (i equation):

Maximize: F (X4, Xp,
for {X;l

v Xm)
- constraints (i equations):
Gi (Xy4, X2, .. , Xpg)
where X; are the decision variables.

Once the screening problem is formulated, an optimization
technique may be wused to obtain the optimum values of the
decision variables X;j, which normally are project sizes and
operating rules. These optimal values of the decision
variables define the most profitable projects to be built
(irrigation areas, hydropower plants, etc.), their sizes, and
their optimal operation rules,

The most wused screening models are linear screening
models. Linear screening models can be solved using linear
programming (LP), that is the most available optimization
technique. The mathematical representation of a linear

screening model 1is: (for the typical year)

- objective function (i equation):
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Maximize: F (X4, Xp, .. , Xp) = F (X) = Cy Xj
for {Xy}

- constraints (i equations):
Gl (Xg, X, .. , Xpm) = Ayy Xy - B; ¢ 0
where:
Xj are the decision variables, and Cj» Ajj» Bj are input

parameters (some of them may be uncertain)

3.1.1.~- Step 1: Derive the ideal net benefits curve

Decision Variables

Decision variables define project design and operating
rules. There are two types of decision variables in the
screening model: design decision variables and operational
decision variables. Design decision variables define the sizes
of the projects to be built. Area of irrigation, volume of
reservoir, and capacity of hydropower plant are typical
examples of design decision variables. Operational decision
variables define the operation rules of the projects once they
are built. Releases from reservoirs and water diverted for
irrigation are examples of operational decision variables.
Design decision variables are of primary interest in our
analysis, since they define what projects are to be built and
what projects are not to be built. Also, for those projects to
be built, design decision variables indicate their sizes.

The values of the design decision variables are not known

a priori. In fact, when we search for candidate alternatives
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in Step 2, what we actually do is to find the set of design
decision variables which define the candidate development
alternative. In general, design decision variables form a
vector X, such that:

X = {Xq, X2y, .., Xpgl
where m is the number of design decision variables, and where

Xy may represent volume of reservoir, X, irrigation area, and

SO on.

Uncertain Parameters

The reason why predicted and actual performance of the
project may differ is the uncertainty in some parameters. In
the particular case of linear screening models, uncertain
parameters are a subset of the input parameters Cjy, Aj;, and
Bj. We group this subset formed by the uncertain parameters in
a vector ©:

© = {0y, O3, .., ©p}
where n is the number of uncertain parameters existing in the
basin, and where ©y may represent discount rate, ©; price of
agricultural products, and so on.

We need to have the probability distribution of every
uncertain parameter. The most common models of probability
distributions used in wengineering and risk analysis (for
example: gaussian, lognormal, Gumbel, or 1log Pearson) are
continuous distributions. For present purposes, these must be

divided into a finite number of discrete intervals with their
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associated probﬁbllltles as shown in Figure 2-3 in Chapter 2.
I1f we assume that, for example, the parameter "discount

rate” is uncertain, and {t {8 approached with a gaussian

distribution, Figure 3-1 shows the division of the continuous

distribution in discrete intervals,

Prod (8y) -
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FIGURE 3-1: Discrete probability functions for the

uncertaln parameter €; := discount rate.

In general, after dividing in dfiscrete intervals, the

continuous uncertain parameter vector 91 is converted to:

e:eiJ
where:

i = 1,2,..,n

3= 1,2, .., My

where My is the number of intervals of the uncertain parameter

1. We also obtain the corresponding discrete probability of

each interval:
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p(e;Jd)
To compute this probability we have to assume that the
uncertain parameters are independent; in other words, no
correlation exists among them. This assumption is obvious in
some cases (for example, no correlation exists Dbetween
irrigation water demands and discount rate), although in other
cases some correlation may be present (for example, between

irrigation water demands and agricultural prices).

Ideal net benefits curve

The ideal net benefits curve is formed by the potential
net benefits of the basin under uncertain conditions. The
ideal net benefits curve 1is the reference to <calculate
robustness, as shown in Chapter 1. To obtain one point of this
curve, we picK up a particular element eiJ of the uncertain
parameters vector 6, and, using the screening model, we obtain
the maximum net benefits that the basin may yield under the
conditions defined by eiJ’ We also obtain the optimal set of
design decision variables for the conditions eiJ. The projects
defined by that optimal set of design decision variables
exploit the full ©potential of the basin for that situation
0,J.

For the element 913 of the uncertain parameters vector 6,
let X*(eiJ) represent the optimal set of design decision
variables obtained from the screening model. And let

NB [x*(eii)] represent the net benefits obtainable from the
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projects defined by the design decision variables x*(eii). The
value NB [X*(eiJ)] represents the potential of the basin for
the situation eiJ, and, consequently, represents a point of
the ideal net Dbenefits <curve. When the same process is
repeated for all the other elements of the uncertain parameter
vector ©, the ideal net benefits curve 1is fully defined.

Therefore, the mathematical representation of the ideal
net benefits curve 1is:

NB [x* (eJK..1)j,

for: i
J

oo

It is important to note that the ideal net benefits curve
does not correspond to a single project. The ideal net
benefits curve indicates, for every element 613 of the
uncertain parameters vector, the maximum possible net benefits
that we may expect. Finally, also note that, associated with
every element 913, there is an optimum set of decision
variables X*(eiJ) that defines the projects to be built. This
will be useful in the next steps.

A typical form of the ideal net benefits curve of a basin
under uncertain discount rate is shown in Figure 3-2. In this
example, the final curve never takes negative values. It 1is
zero when the discount rate equals the internal rate of return
of the system. At that point, benefits from the project are
equal to the project costs, and there are no net benefits. For
discount rates higher than the internal rate of return, the

costs of building any project are greater than the benefits
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FIGURE 3-2: Typical ideal net benefits curve for a

basin under uncertain discount rate.

obtained. Consequently the optimal project to build is none,
which yields zero benefits and zero costs. Then the ideal net
benefits curve remains zero for discount rates higher than the

internal rate of return of the system.

3.1.2.- Step 2: Select candidate alternatives

We should identify alternatives that have high expected
net benefits or that have high robustness or, even better,
that have both. Alternatives are defined by their design
decision variables. Selection of alternatives means selection
of design decision variables,.

There 1s no formal procedure for identifying candidate

alternatives. However, from Step {, while obtaining the ideal
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net benefits curve, we developed enough information on the
projects to suggest the use of some very effective informal
procedures. In fact, in Step { it was necessary to perform

My Mp M, independent optimization runs, which gave equal
number of optimal sets of decision variables x*(eiJ), one for
each element eiJ. From the analysis of these optimal sets,
using the procedures proposed below, we can obtain candidate
alternatives.,

Several procedures for the analysis of the optimal sets
of decision wvariables x*(eiJ) are suggested here. The first
procedure is to calculate the probability distribution of the
values of the design decision variables. This is a very simple
procedure that produces great insight into the system’s
design. Consider the set of design decision variables: X =
{Xy, Xp, .. , Xpl}, and in particular one of them, the design
decision variable Xy (that may, for example, represent the
volume of a reservoir). wWhen the problem was optimized for the
uncertain parameters element eiJ, the value of X, was
Xu*(eiJ), with probability of p(eiJ). Since we performed
My Mp Mp optimization runs, we have My Mp Mp different
values of Xu*(eij), one for each combination of 1 and j. The
distribution for the values of X, is therefore:

Xy*(©@;J) with probability  p(©;J)

for: 1

1,2, .., n
J 1, 2

e My

Therefore we have a discrete probability distribution of the

values of the design decision variable X,;. The analysis of
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that probability distribution helps to identify the most
likely wvalues for the design decision variable X,;. If the
optimization algorithm used to solve the screening model in
Step 1 is LP, the probability distribution tends to be highly
concentrated around two or three values. This is because LP
searches for the vertices of the n-dimension polygon formed by
the constraints, vertices which reduce to a few the otherwise
infinite possible values of the design decision variable X.
The second procedure is a graphical representation, 11ike
shown in Figure 3-3 for an hypothetical example of the
probability distribution of X *(©;J). Using the graph, it is
easier to visualize the most probable values of the decision
variable X,;. These values seem clustered in three groups.

PROBABILITY
Prod (Iy)

Jl -

FIGURE 3-3: Typlical bar graph representation of an
hypothetical probabillity distridbution of
values of a deslign declslon varliable X,
obtained from the M{ MZ Mn optimizatlion
runs performed iIn Step {

DECISION VARIABLE X,
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Taking the average value of each group, we could identify the
three more likely values of X,.

The purpose of this procedure is to identify alternatives
that we expect to be both robust and profitable. These
candidate alternatives are constructed by combining the most
likely wvalues of the design decision variables. wWith the
graphs we may 1identify the likely values of every decision
variable, but before examining all possible combinations among
the more liKely values of the decision variables, a third
procedure 1is suggested.

The third procedure is to create a table of
compatibilities and incompatibilities among design decision
variables. A characteristic of optimization problems in water
resources systems that are formed by several projects is that
those projects that use resources more effectively are built
before than other projects. It is when the effective projects
do not have more production <capacity and there are some
resources still left that the other projects are built.
Therefore, less profitable projects are built only after more
profitable projects are built. However more profitable
projects do not require the existence of other projects. These
relationships among projects can be identified by inspection
of the decision variables vectors resulting from the My Mp My
different optimization runs performed in Step 1. Three Kinds
of relationships among projects are suggested; for a given

project: (1) projects that are always built when that

60



particular project is built (more profitable projects that the
given one); (2) projects that are never built when that
particular project is built (incompatible projects with the
given one); and (3) projects that do not have any relationship

with that particular project. These tables are not difficult

to <construct, especially for small water resources systems,
and they are very helpful in developing candidate
alternatives, because they reduce the number of possible

combinations among the more likely values of the design

decision variables.

3.1.3.- Step 3: Assess the performance of the alternatives

From Step 2, we have a reduced but promising group of
alternatives. Step 3 assesses the performance of every
alternative in this group. In this thesis, two characteristics
define the performance of an alternative: (1) the expected
value of net benefits, and (2) the robustness index. To
calculate them, 1t is necessary to use an intermediate step:

the curve of net benefits of every alternative.

Curve of net benefits

For a given candidate alternative, its curve of net
benefits indicates the net Dbenefits obtained under uncertain
conditions. We assume Alternative A defined by the decision

variables:

L3

XAy with k = 1,2, ..m.
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This Alternative A, under the particular element eiJ of the
uncertain parameters vector 6, yields some net benefits (or,
if negative, net costs). Mathematically these net benefits are
represented by:

NB [XA | eiJ]
that reads:

net benefits of the alternative defined by the decision

variables XA given ©J.

To ~calculate NB [XA | © J] we use an optimization

i
technique (l1ike LP), that could be the same technique used
before to calculate the ideal net benefits curve. The use of

an optimization technique is required, because the process 1o
calculate NB [XA | eiJ] involves optimization of operational
decision variables for Alternative A (while the design
decision variables of Alternative A are held constant) 1in
order to procure the maximum possible net benefits.

The full! net benefits curve for Alternative A is obtained
when net benefits of Alternative A are computed for every
element eiJ. In other words, when the uncertain parameters
take the value 1indicated by eiJ, the performance curve of
Alternative A indicates the net benefits that Alternative A
will yield.

Figure 3-4 shows the curve of net benefits of an
hypothetical alternative under uncertain discount rate. The

internal rate of return of the alternative is for what the net

benefits curve is zero. For discount rates higher than the
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FIGURE 3-4: Net benefits curve of an hypothetical
alternative under uncertain discount
rate

internal rate of return, the net benefits curve takes negative
values, because benefits from the alternative are smaller than
the costs of building it.

The two measures of performance of candidate alternatives
that are of <concern in our study (expected value o0of net

benefits and robustness) are based on the net benefits curves.

Expected Value of Net Benefits of an Alternative

For a given candidate alternative, the expected value of
net benefits can be calculated by adding net benefits for each
uncertain situation eiJ, weighted by the respective

probabilities of eiJ. The net benefits are given by the net
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benefits curve just calculated. The probabilities have also
been calculated before: p(eij). Therefore, for Alternative A,

the expected value of net benefits is given by:

E [NB (A)] = L NB (XA | & J) p(o J)
1= 1,2, ..,n ! !
J = 1,2,..,M

E [NB (A)] 1s evidently a scalar value.

The same process has to be done for the rest of candidate

alternatives.

Index of robustness

For a given candidate alternative, robustness is related
to the possible variation in net Dbenefits which result from
uncertainty. This variation measured with respect to the
potential of the basin, as shown in Chapter 1. And the

potential of the basin is represented by the ideal net

benefits curve calculated in Step 1. On the other hand, for
the given alternative, net benefits under uncertainty are
represented by its net benefits curve, already calculated at

the beginning of Step 3. The difference between the ideal net
benefits curve and the net benefits curve shows how far the
given alternative is from reaching the potential of the basin.
We call that difference the "Delta Curve" of the given
alternative. Delta curves are important because robustness may
be related to their shape as proved below.

The mathematical representation of the delta curve of

Alternative A 1is
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& (x4 eiJ] : NB [x*(eiJ)] - NB (X4 | 91J]
Figure 3-S5 shows the delta curve of the hypothetical
alternative shown in Figure 3-4, obtained by subtracting
Figure 3-4 (net benefits curve of the hypothetical

alternative) from Figure 3-2 (the assumed ideal net benefits

curve of the basin).
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FIGURE 3-5: Delta Curve of an hypothetical
alternative, by subtracting the net
benefits curve (Figure 3-4) from the ideal
net benefits curve of the basin (Figure 3-
2)
It is interesting to note two characteristics in Figure
3-5. First, the ideal net benefits curve 1is not exceeded in

any point by the net benefits curve of the alternative,
Second, these two curves meet in a point. Therefore, at that
corresponding discount rate, the delta curve is zero.

The delta curve is the basis for our study of robustness.
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Its measure of differences from the optimum can be used to
evaluate the variations in the performance of alternatives.
Consider the two delta curves depicted in Figure 3-6. The
curve for Alternative A indicates sensitive performance of
this alternative wunder the uncertain variable 6. When ©; is
©;!, Alternative A is the best alternative to be built. But
when ©; takes other values, there are big losses of potential
net benefits, which indicates sensitive performance depending
on ©;. On the other hand, Alternative B is never the best
alternative for any value of ©; (its delta curve 1is never
zero), but losses of potential net benefits are almost
constant even for very different values of ©;, like eia and

©;3. This indicates insensitive performance of Alternative B

o
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FIGURE 3-6: Robustness related to the shape of the

delta curve. Comparison between
Alternative A, a non robust alternative,
and Alternative B, a robust alternative.



under the uncertain variable ©;. Alternative B is more robust
than alternative A with respect to the uncertain parameter 6;.

As said before, robustness of an alternative is related
to the shape of its delta curve. The question now is how to
measure this robustness associated with the shape of the delta

curves. We could measure this with the radius of curvature:

the higher were the curvature, the higher would be the
robustness. However this process is complex and can not be
applied to all the cases, because delta curves may be
piecewise linear, and then the radius of curvature can not be
calculated. A simpler procedure is to calculate the

coefficient of wvariation (CV) of the values that form the
delta curve. If the alternative has great robustness, the
delta curve is very horizontal (which means low dispersion in
the distribution of net benefits with respect to the potential
of the basin), and the coefficient of variation is very low.
Similarly, 1if the alternative has low robustness, the delta
curve is very tilted (which means high dispersion in the
distribution of net benefits with respect to the potential of
the basin), and the coefficient of variation is very high. A
brief summary is:
High CV «<-~--=--=---~- > Low Robustness
Low CV === ==== > High Robustness
The CV of the values of the delta curve is called the
robustness index of the alternative. After this step, the

performance of every candidate alternative 1is defined with two
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values: an expected value of net benefits and a robustness

index.

3.1.4.- Step 4: Compare among alternatives

The performance of the candidate alternatives was
evaluated in Step 3. Two performance measures are associated
with every alternative: expected net benefits and robustness,.
The objective of the present step is collect these values for
all candidate alternatives and to present this information in
an easily wunderstandable form that facilitate comparison and
Selection among alternatives.

We have a two-objective decision problem where expected
net Dbenefits and robustness both matter in alternative
comparisons and final choice. Thus, we could only say that a
candidate alternative is superior to another when both
expected net benefits and robustness are greater. If only
robustness is superior but not expected net benefits, we do
not have an objective argument to prefer one alternative to
another. The case 1s similar when only expected net benefits
are superior but not robustness.

To easily visualize robustness and expected net benefits
for all the projects, we consider a graph where expected net
benefi1ts are in the horizontal axis and robustness is in the
vertical. Each alternative is represented as a point in the
graph. Figure 3-7 shows the typical form of these graphs.

These curves, called Pareto curves or Pareto frontier, are
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common in two-objective evaluation methods.

The vertical axis represents robustness. In order for
robustness to increase as we move up 1in the axis, we represent
robustness by N - CV (where N is a "large® fixed number,
like 4 or 5). If instead of representing N - CV, we represent
directly <CV, robustness increases as we g0 down in the
vertical axis. This creates an unconventional, although valid,
representation of this Kind of curves.

The Pareto frontier is formed by <candidate alternatives
which are not inferior to others. An Alternative B is inferior
to an Alternative A, when B has smaller both expected net
benefits and robustness than A. Alternative B could be omitted

from the final evaluation and does not enter in the Pareto

frontier.
WRSTIESS
-
EXPECTED IEY BEHEFITS (¢ollars)
FIGURE 3-T: Typical form of the Fareto frontier

curves
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Elimination of inferior alternatives, can be done from
direct inspection of the Pareto curve: those alternatives
which fall inside of the frontier curve are inferior and
should be eliminated. Minimum expected net benefits and
robustness may also be required. Development of minimum
requirements for expected net benefits is a political
decision. From the analysts® point of view, alternatives which
ylield expected net Dbenefits greater +than zero are viable,
However, other minimum requirements (greater or smaller than
Zero) may be politically imposed. To decide minimum
requirements for robustness is harder. An index of robustness
equal to 1 indicates that the CV of the delta curve is 1. In
other words, the standard deviation of the delta values is
equal to the mean value. In some cases, CV:=1 can be considered
an acceptable value. However, if CV:zg2, the standard deviation
is twice the value of the mean. This indicates great
dispersion in the values of the delta curve, and consequently
very iow robustness. Ccv=:=2 1s almost always an unacceptable
value.

Figure 3-8 1llustrate this concepts for an hypothetical

case, with minimum required net benefits of NBy and minimum

required robustness of Cvy

3.1.5.- Final remarks

The two-objective analysis of the water system ends at

this stage. The outcome is not one single best alternative,
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FIGURE 3-8: Derivation of the FPareto frontier curve

although it could be if the non-inferior set only includes
formed for one alternative. There not always exists such an
optimum alternative If 1t exists, 1t should have the greatest
robustness and expected net benefits at the same time. But
normally there 1s a trade-off between robustness and net
benefits: to choose a more robust alternative it may be
necessary to give up some net benefits, and vice versa. The
lack of a final global best alternative could be regarded as a
limitation of the method. But I thinkK that it is an advantage,
because the purpose of the method 1s to help the decision
making process, revealing a limited number of candidate
alternatives with enough data for comparison and decision.

The method applies to general and complex water resources
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systems. The method does not have more limitations than the
imposed by the optimization technique used to solve the

screening models of Step 1.

A practical summary of the method 18 indicated below.

Objective:

To identify a limited set of non-inferior alternatives in
a two-objective analysis (robustness and expected net

benefits), and display the information in a Pareto graph.

Procedure:

STEP {. Derive the ideal net benefits curve

The ideal net benefits curve serves as reference for
evaluating the performance of the candidate alternatives. It

18 derived as follows:

a.) Formulate the screening model for the basin
b.) Ferform My M M, optimization runs by using the
screening model, one for every vector 913

c.) Obtain the ideal net benefits curve: NB (X*(elj)]

d.) Obtain an optimal set of decision variables: X*(9,;J)

STEP 2. Select candidate alternatives

The candidate alternatives will later define the Pareto

curve, and one of them will be chosen for implementation.
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a.) Calculate probability distributions of the My M, Mp
values of each design decision variables, obtained
from the optimization runs of Step 1

b.) Depict Dbar graphs of these distributions, and
identify the two or three most likely values of
every design decision variables

c.) Construct a compatibility - incompatibility table

d.) Generate candidate alternatives by <c¢combining the
most likely values of the design decision variables
while satisfying the compatibility table

STEP 3. Assess the performance of the candidate alternatives

a.) Formulate a model for every alternative

b.) For each <candidate alternative, perform My M, Mj,
optimization runs in order to optimize operation
rules and calculate the maximum Ppossible net
benefits

c.) Obtain the net benefits curves: NB [XA | eiJ]

d.) Calculate E [NB] values for each candidate

alternative:

E (NB (A)] = T NB [XA | @ J) p(o J))
1 1
Obtain the delta curves
§ [xA ] 6 J)] = NB [X*¥(& J)] - NB [xA | e J)
1 1 1

Calculate CcVv (6) values. These measure the

robustness of each candidate alternative

73



STEP 4.

Compare among alternatives

a.

graph

Plot an Expected HNet Benefits versus N - CV (5)

Eliminate inferior alternatives

Set minimum requirements for eXxpected net benefits

and robustness

Present the Pareto non-inferior set of alternatives
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CHAPTER 4: CASE STUDY

The purpose of this <chapter 1is to demonstrate the
practical viability and usefulness of the method described in
Chapter 4. This case study does not correspond to a real
basin. However, most of the coefficients and parameters
correspond to the Rio Colorado basin in Argentina, exposed in
Major and Lenton [1979). The size of the <case study 1is large
enough to show the general applicability of the method, but
also small enough to easily 1llustrate each step of the
method.

The optimization algorithm wused to solve the screening
models and to optimize operation rules of the candidate
alternatives 18 linear programming (LP). Therefore, the first
simplification of the <case study 1is that the objective
function and constraints of the screening model have to be
expressed as linear equations. This simplification 1is not a
limitation of the method, but imposed by the LP optimization
technique. Most of the real world planning situations use
linear programming as the optimization technique [Rogers,
1979). Hence, approximation of relationships and constraints
by linear equations 1is a common practice.

The computer used to run the LP package was a personal
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computer IBM AT. Computer time was extensive because, although
the method does not requires very sophisticated computer
facilities, it requires many independent optimization runs:
243 runs for the screening model, and 243 runs to optimize
operating rules of each <candidate alternative (14 candidate
alternatives times 243 runs for each, results in 2402 runs).
Each run for the screening model took about 14 minutes; each
run to optimize operating rules of the candidate alternatives
took about 2 minutes. Therefore the total computer time was

about 231 hours.

4.1.- DESCRIPTION OF THE CASE STUDY

The object of this case study is to decide what hydraulic
projects are to be built in a hypothetical river basin. We
assume that the development of the basin is an important part
of a regional development plan, and we are interested in
getting as much benefit as possible from the river. But, since
there are several uncertain variables that affect the amount
of benefit to be obtained from the basin, we are also
concerned with obtaining a robust development strategy which
is insensitive to the existing uncertainty. Qur tasK is to
identify the non-inferior set of projects that represents the
trade-off curve between robustness and expected net benefits.

The scheme of the basin 1s shown in Figure 4-1. There are
four possible dams, three possible irrigation areas, two

possible hydropower plants, and a possible transfer., Any of

76



Z \
grosoroviz a4 O TRARSTER
s =3 ¢
A e 1
BTOROPOVER PLANT ¢ r—

\

1RRIGATION B \ ,_l [RRIGATION C

IRRIGATION D

FIGURE 4-1: Scheme of the basin

these projects could be built in the basin. Most of the data
for these projects has been taken from the characteristics of
real projects in the Rio Colorado in Argentina, as described
in Chapters 9 and 10 of Major and Lenton [1979]).

Before formulating a screening model for the bastin,
we have to define the typical year,. The screening model
considers that benefits and <costs for this typical year are
repeated throughout the project lifetime. River inflows are
assumed at the heads of the three upstream tributaries of the

main river. Inflows enter in the model as average inflows for
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each season of the typical year, There are no tributary
inflows nor outflows in the river course. A downstream minimum
flow requirement exists to provide water to downstream users
and for ecological reasons. The minimum downstream flow is 40
% of the total river upstream inflows. Figure 4-2 shows the

total yearly inflows of the river in {its upstream branches.

L0V £ = 16 W/ L £y AW
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v

FIGURE 4-2: Total river Inflows for the typlical
year

The typical year has three seasons. The three seasons are
Season I, from January to April (medium flow season); Season
11, from May to August (low flow season); and Season III, from
September to December (high flow season). Figure 4-3 shows the
seasonal distribution of yearly inflows. The demands for water
for irrigation are medium in Season I, maximum in Season I1,

and zero in Season I1I, as shown in Figure 4-4,
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FIGURE 4-4: Water demands for Irrigation In the

typical year

For simplicity, the two hydropower plants are assumed to
have fixed heads. Otherwise, we would obtain a non-linear term
in the screening model (power is proportional to the product

of head and flow), and to linearize it would be very time
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consuming. In this case study, hydropower plants can be built
without requiring the construction of their associated dam,
since the dam 1is not needed to create head. However,
irrigation areas do require the <construction of +their
associated dam. The dam could serve only to divert water to
the irrigation area without storing any water, or could also
serve for regulation and interseasonal storage.

This case study considers that irrigation areas return
non-consumed water to the river. No groundwater inflows or
losses to groundwater are included. The water not consumed by
crops returns to the river in three stages: some water returns
immediately in the same season (before 4 months); some water
returns in the next season (between 4 and 8 months later); and
the rest of water returns in two seasons (between 8 and 12
month later). After two seasons, all non-consumed water has
already returned to the river. Figure 4-5 shows the seasonal
return of non-consumed water. In this figure, the top graph
refers to the return of non-consumed water during irrigation
in Season I, and the bottom graph is for non-consumed water
during irrigation in Season II, No graph exits for Season III
because there is no irrigation in Season III.

The transfer connects the left upstream branch of the
river with the right upstream branch. The transfer acts in
only one direction: from the left branch to right branch.

Water is assumed to move by gravity, without heeding elevation

pumps nor operation costs.
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4.2.- SCREENING MODEL

The screening model (s formed by mathematical equations
that describe the physical and economic relationships existing
in the basin. These are jidentified for a typical year that tis
assumed to be repeated during the project lifetime. In the
particular case of this case study, the screening model {s an
mixed linear-{nteger programming model with 34 decision
variables (10 project sizes and 24 operational variables) and
i0 integer variables (whose value is 0 or ). Decision
variables, objective function, and constraints are discussed
below. Appendix A contains the screening model formulation and
the summary of variables. The framework for this screening

model is taken from Chapter 5 of Major and Lenton (1979]).
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4.2.1.~- DECISION VARIABLES

There are two types of decision variables in this
screening model. The first type is "design" decision
variables. Design decision variables are the size of the
projects of the water resources system. There are {0 design
decision variables, one for each project:

Vp : Volume of Reservoir A (Hm3)

VB : Volume of Reservoir B (Hm3)

Vc : Volume of Reservoir C (Hm3)

Vp : Volume of Reservoir D (Hm3)

Ap : Area of Irrigation B (Ha)

Ac ¢ Area of Irrigation C (Ha)

Ap ¢ Area of Irrigation D (Ha)

Ca : Capacity of hydropower Plant A (MW)
Capacity of hydropower Plant C (MW)
T : Size of the Transfer (m3/s)

¢
0

The second type is “"operational" decision variables.
Releases from reservoirs, water diverted to irrigation areas,
and water diverted to the transfer are the operational
decision variables. There are 24 operation decision variables,
12 corresponding to the releases from the reservoirs (four
dams times three seasons), 9 corresponding to the water
diverted for irrigation (three irrigation areas times three
seasons), and 3 corresponding to the water diverted +to the
transfer. There are not any operational decision variable for
the hydropower plants. If the dam associated with the plant is
built, the operation of the plant is given by the releases
from the reservoirs. If the dam 1is not built, the plant
operation depends directly on the flow in the river. The
operational decision variables are:

Rpo,t : Releases from Reservoir A (t := season {,2,o0r 3)
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RB,t ¢ Releases from Reservoir B (t :- season 1,2, or 3)
RC,t : Releases from Reservoir C (t = season {,2,or 3)
RD,t : Releases from Reservoir D (t = season 1,2, or 3)
IB,t Water diverted to Irrigation B (t - season 1,2, or 3)
IC,t Water diverted to Irrigation B (t = season 1,2, or 3)
ID,t : Water diverted to Irrigation B (t = season {,2, or 3)
T¢ : Water diverted to the Transfer (t - season 1,2, or 3)

In this case study, we are only concerned about the
design decision variables. Design decision variables indicate
what projects are to be built and what projects are not to be
built. Also, for those projects to be built, design decision

variables indicate their optimal sizes.

4.2.2.- OBJECTIVE FUNCTION

The objective function is a measure of economic
efficiency, or in other words, of benefits minus costs for the
typical year. Benefits come from the agricultural products
evaluated at their selling prices, and from the produced
electricity evaluated at {ts market price. The general

mathematical equation for benefits is:

B =L [©¢ Ls.t] + L [ep Ps,t]
s = B,C,D S = A,
t = §,2 t - §,2,3
where:
B ! Annual benefits ($)
9y : Price of agricultural products ($/Ha)
Lg, t : Land irrigated at Irrigation s in season t (Ha)
SP) ¢ Price of electricity ($/Mwh)
Pg t : Power produced at Plant s in season t (Mwh)

The coefficients ©y (crop prices) and 6, (electricity
prices) are considered uncertain. Instead of a fixed value, we

assume a probability distribution of their possible values
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(Figure 4-6 and Figure 4-T7). Section 4.2.4. briefly explain

the reasons to consider ©;y and ©, as uncertain parameters,
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Costs are only 1incurred from construction of the

projects, because no operating costs are considered. The costs

for the typical year result from the amortization of



construction costs over the project lifetime with a given

discount rate ©3%. The formula {s:

C = CC [(1 + ©63)063) / ((1 + ©3) - 1)
where:

C : Annual costs ($)

CC : Total construction costs ($)
©3 : Discount rate (%)

: Projects lifetime (years)

For example, 1f the discount rate is ©3 = 10% and the projects
lifetime is 50 years, the costs for the typical year are 0.101
times the total construction costs.

The coefficient 93 (discount rate) s considered

uncertain. Figure #4-8 shows its probability distribution, and

Section 4.2.4. briefly justifies the uncertainty in ©3.
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FIGURE 4-8: Assumed probability distributlion of 63:

discount rate

The costs of construction of any project have two terms:
a fixed cost term independent on the project stize, and a

variable cost term dependent on the size of the project. For
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example, the cost of <construction of a dam has fixed costs
(fixed machinery, personnel, offices, etc.) and variable costs
that depend on how big the dam is (volume of excavation,
volume of concrete, amount of labor, etc.). Appendix B
includes four graphs that indicate the construction costs for
every facility. Figure A-1 shows construction costs for the
dams, Figure A-2 for the irrigation areas, Figure A-3 for the
hydropower plants, and Figure A-4 for the transfer. Table 4-1

summarizes the numerical coefficients.

TABLE 4-1: Fixed and variable costs for the
possible projects to be dbuilt in the
basin

PROJECT FIXED (10% $) VARIABLE

Dam A FVp: 1.50 ap: 0.0044 (106 ¢/Hm3)

Dam B FVg: 1.50 ap: 0.0176 (10% $/Hm3)

Dam C FVc: 3.00 ac: 0.0056 (106 $/Hm3)

Dam D FVp: 2.00 ap: 0.0104 (106 $/Hm3)

Irrigation B FAg: 0.25 Bg: 0.000082  (10%® $/Ha)

Irrigation C  FAg: 0.50 Bc: 0.000247 (106 $/Ha)

Irrigation D FAp: 1.00 Bp: 0.000536 (106 $/Ha)

Plant A FCp: 1.00 va: 0.050 (106 §/MW)

Plant C FCc: 1.50 yc: 0.077 (106 $/MW)

Transfer FT : 1.50 p ¢ 0.140 (106

r/(m3/s>)

The general mathematical equation for construction costs

(CC) 1is:
s - A, BC,D s = B, C,D
+ I (Cg vg + FCg YCg) + (T p + FT YT) )
s = AC
where:
©; : General increase or decrease in construction costs (%)
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Vg : Volume of Reservoir s (s = A,B,C,D) (Hm3)

ag : Variable costs of Reservoir s ($/Hm3)
FVg : Fixed costs of Reservoir s ($)
YVg ¢ Integer variable for Reservoir s:

If Reservoir s is built: YVg = 1
If Reservoir s is not built: YVg = O

Ag : Area of Irrigation s (s = B,C,D) (Ha)
Bs : Variable costs of Irrigation s ($/Ha)
FAg ¢ Fixed costs of Irrigation s ($)

YAg ¢ Integer variable for Irrigation s:

If Irrigation s is built: YAg = 1

If Irrigation s is not built: YAg = O
Cg ¢ Capacity of hydropower Plant s (s = A,C) (Mw)
Tg : Variable costs of Plant s ($/MwW)
FCg : Fixed costs of Plant s ($)
YCg : Integer variable for Plant s:

If Plant s is built: YCg = 1

If Plant s 1is not built: YCg = O
T : Size of the Transfer (m3/s)
v : Variable costs of Transfer [s/(m3/s)]
FT : Fixed costs of Transfer ($)
YT : Integer variable for Transfer:

If Transfer is built: YTg = 1
If Transfer is not built: YTg = O

The variable and fixed <costs coefficients ag, FVg, Bg,
FAq, vg» FCg, y» and FT are found in Table 4-1. The
coefficient ©, (general increase or decrease 1in construction
costs) is considered uncertain. Figure 4-9 shows its assumed
probability distribution, and Section 4.2.4. discusses 1it.

After defining benefits and costs, the objective function

can be expressed as:

Max B - C
{decision variables}

where B are the benefits for a typical vyear and C are the

costs for a typical year.

4.2.3.- CONSTRAINTS

The screening model of this case study includes seven
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sets of constraints. Instead of repeating Major and Lenton

[1979), Chapter 5,

characteristics of

this section briefly discusses the special

the constraints for this case study, and

refers to Major and Lenton [1979) for details.

(1) Continuity constraints. Continuity constraints insure

conservation of mass i{n the reservoirs: all water that enters

in a reservoir must be stored in it, released, diverted, or

lost through evaporation of subsurface leakage. There are

three equations for every dam, one per season. There are also

equations for continuity between dams. Three additional

equations are necessary to indicate the minimum downstream

requirements. The explicit mathematical notation is:

- for Dam A:
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SaA

where:

Sp, t
Rat
it
€At

, t+1

Storage
Releases

= Sa,t T Rat +t it~ oeat Sp ¢

in Reservoir A in season t (t = t,2, 3
from Reservoir A in season t

)

Inflows of the left branch of the river in season t
evaporation coefficient of Reservoir A in season t

- continuity between Dam A and Dam B:

Ig

where:

Ip
TR

- for D

Sp

where:

Sp
Rp
Dp
ep

t = Rat - TRy

t : Inflows in Reservoir B in season t
t ¢ Flow of the Transfer in season t

am B:

fl

, t+1

,t + Stora
t ¢ Relea
t + Water

Sp,t + It - Rt - Dpt ~ ept S, t

ge in Reservoir B in season t (t = 4,2, 3)

ses from Reservoir B in season t
diverted to Irrigation B in season t

t ¢ evaporation coefficient of Reservoir B in season t

-~ for Dam C:

Sc,t+1 = Sc,t + f3¢r + TRt - Rct - Dct ~— ect S¢, t

where:

Sc,t
f3t
Rect
Dct
€ct

Storage
Inflows
Releases
Water di

in Reservoir C in season t (t = 1,2,3
of the right branch of the river in s
from Reservoir C in season t

verted to Irrigation C in season t

)
eason t

evaporation coefficient of Reservoir C in season t

- continuity between dams B and C and Dam D:

IDt = RBt + Reog + fEt + RIBt + RICt

where:

Ipt
fot
RIBt

Rlct

Inflows in
Inflows of
Water that
Irrigation
wWater that

Reservoir D in season t

the center branch of the river 1in
return to the river in season t from
B

return to the river in season t from

season t
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Irrigation C

- for Dam D:

Sp,t+1 = Sp,t * Ipt - Ept - Dpt ~ ept Sp, t

where:
SD,t : Storage in Reservoir D in season t (t - 1,2, 3)
Rpt ' Releases from Reservoir D in season t
Dpt : Water diverted to Irrigation D in season t
ept + evaporation coefficient of Reservoir D in season t

- for downstream requirements (40 % of all river inflows):

Rpy + RIpy 2 0.4 (£f4¢ + fp + £3¢)
where:

RIpy : Water that return to the river in season t from

Irrigation D

The values of the inflow parameters f4¢, fpo¢, and f3¢ (t
= 1,2,3) can be calculated from Figure 4-2 and Figure 4-3, The
values of the evaporation coefficients epy, €pt, €ct, and epg

(t= 1,2,3) are indicated in Table 4-2.

(2) Reservoir maximum storage. The storage of the

reservoir in any season c¢an not exceed the volume of the
reservoir. There are three equations per dam. The explicit

mathematic formulation is:

SA, t ¢ Va
SB, t ¢ Vg
SC, t ¢ V¢
SD,t ¢ Vp

where Vu, Vg, Vg, Vp are the design decision variables that
represent the volume of the reservoirs (see Section 4.2.1.
above)
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(3) Water requirements for irrigation. These constraints

show the relationships between water divested for irrigation

and

TABLE 4-2: Parameters needed for the screening model

Project lifetime: n 50 years

Evaporation from the reservoirs: €st

SEASCN 1 SEASON 2 SEASON 3
DAM A 14 3% 1%
DAM B 27 5% 17
DAM C 5% 97 3%
DAM D T 1074 3%

Irrigation channel losses: €g

IRRIGATION B 4%
IRRIGATION C 67
IRRIGATION D 104

Consumptive use of water in irrigation: g

657 of the irrigation water 1is consumed

Coefficients of hydropower plants

Head of Plant A: 100 m
Head of Plant C: 50 m
Efficiency: 0.65
Load factor: 0.86
Factor of utilization: 0.68

the land irrigated. Water losses 1in the irrigation channels

are also considered. There are six equations, two for each
irrigation area. Six more equations indicate that the
irrigated surfaces in each period can not exceed the

irrigation project areas. The mathematical formulation is:

- water requirements for irrigation

(1 - €g) Dpt = ©5 "'t Lpt



(1 = €c) Dct = ©5 Mt Let
(1 - €p) Dpt = ©5 It Lpt
where:
€gp : water losses in Irrigation B channels
€c ¢ water losses in Irrigation C channels
€p : water losses in Irrigation D channels
O5 : general increase or decrease 1in irrigation water
demands
Mt ¢ 1irrigation water demands in season t (t = {,2)
Lgt ¢ land irrigated in Irrigation B in season t
Lct ¢ land irrigated in Irrigation C in season t
Lpt ¢ land irrigated in Irrigation D in season t

- maximum irrigation per season:

Lpt ¢ Ap
Let ¢ Ac
Lpt ¢ Ap

where Ap, Ac, Ap are the design decision variables that
represent the surface or the irrigation areas (see Section
4.2.1. above)

The values of the parameters €, €¢c, €p are indicated in
Table 4-2. The values of the parameters [y (t = 1,2,3) are
indicated in Figure 4-4, The parameter ©g (general increase or
decrease in irrigation water demands) is considered uncertain.

Figure 4-10 shows 1its assumed probability distribution, that

is discussed in Section 4.2.4.

(4) Irrigation water return. This constraint relates

water diverted for irrigation with the return to the main

river of the non consumed water. The mathematical formulation

is:
RIBt = Qe [(L - @) (1 - EB) Dpt + €g Dpt]
RICT. = Qlt [(1 - O)(1 - €C) DC'L + €C DCt]
RIDt = Qe [(1 - 9) (L - €p) DDT. + €D Dpt]
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where:
Q¢ ¢ water non consumed in season ! (1 = {,2) that return
to the river in season t (t - {,2,3)
o] : water consumed by crops

The values of the parameters Q)¢+ can be calculated from Figure

4-5, The value of the parameter § is indicated

in Table 4-2.

(5) Hydropower constraints. The first set of constraints

relates flow with electricity production. There 1is one

equation for each season for each plant. The second set

indicates that the electricity production in each season can

not exceed the capacity of the plants. The mathematical

representation 1is:
- electricity production:

(2.73 1076) Rpy Hp sp Ky

Pat _
(2.73 1076) Ry He sc Ky

Pct

"o
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PA,t ¢ power produced at Plant A in season t (t = {,2,3)

Pc, t ¢ power produced at Flant C in season t
Hp : head of Plant A

He : head of Plant C

SA : efficiency of Plant A

sc : efficiency of Plant C

K¢ : number of seconds in season t

- maximum electricity per season:

PAt < ht 1f u CA
<

Ppt hy 1f u C¢
where:
hy : number of hours in season t (t = 1,2,3)
If ¢ load factor
u : factor of utilization

and C, and C are the design decision variables that represent
the capacity of the hydropower plants (see Section 4.2.1.
above)

The values of the parameters Hp, Hg, Sp, scg, 1f, and u

are indicated in Table 4-2.

(6) Transfer size. These constraints limit the amount of

water transferred in each season to the capacity of the
transfer. In a general mathematical form:
TRy ¢ T
where:
TR¢ : Flow of the Transfer in season t (t - 1,2, 3)
and T is the design decision variable that represent the size

of the Transfer (see Section 4.2.1. above)

(7) Conditionality and maximum sizes. Conditionality

constraints indicate that to build an irrigation area the

corresponding dam has also to be built. The maximum size
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constraints ensure that if a project is built the fixed costs
are included. There are ten of these equations, one for each
project. The mathematical representation 1is:
~ irrigation-dam conditionality:

Ag - AMAXp YVg

Ac - AMAXc~ YV
Ap - AMAXp YVp

[P PN

0
0
0
- maximum size constraints:

Va - VMAX, YVa
Vg - VMAXg YVpg
Ve - VMAX- YVe
Vp - VMAYXp YVp
Ap - AMAXp YAp
Ac - AMAXc YAc
Ap - AMAXp YAp
Ca ~ CMAX, YCp
Cc - CMAXc¢ YCc
T - TMAX YT ¢ O

o 1w 1A 1A HA A A 1A I~
[cNeNoNoNeNeNolole

The coefficients VMAX,, VMAXp, VMAXc, VMAXp, AMAXp,
AMAX-, AMAXp, CMAX,, CMAX(, and TMAX represent maximum sizes
for the projects. These values can be obtained from Figures B-

1 through Figure B-4.

4.,2.4.- UNCERTAIN PARAMETERS

In this <case study we consider the existence of five
uncertain parameters: (1) crop prices, (2) electricity prices,
(3) discount rate, (4) construction costs, and (5) irrigation
water demands. Irrigation water demands affect the irrigation
constraints. The other four uncertain parameters affect the
objective function. This section briefly discusses the reasons

for the uncertainty in these parameters.
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Crop prices and electricity prices affect the benefits
from the projects. Market fluctuations are very common for
agricultural products depending on climatological conditions,
crop productions, and international imports and exports. Crop
prices are uncertain and affected for complex factors. Figure
4-6 shows the estimated distribution of crop prices.
Electricity prices are more stable than crop prices and
normally tend to rise. In rural areas, electricity may be
subsidized when used as energy for pumping and irrigation as
an incentive for agricultural development. This makes
electricity cost an uncertain variable difficult to estimate
(Figure 4-7).

The meaning and importance of the discount rate has been
stressed in other parts of this thesis. We could assume that
discount rate 1s the interest rate of the money borrowed for
construction, money that has to returned yearly during 50
vears. Therefore, the objective function 1is strongly affected
for this wvariable. Figure 4-8 shows the assumed distribution
of discount rates for the case study.

Construction costs have also a direct effect on the
objective function. We have assumed that the only costs are
those of construction. Therefore, if there is an increase in
construction costs, all projects are more expensive and net
benefits are reduced. Projects <costs are a very uncertain
factor in real situations. Most of the elements that define

the construction costs of a project (labor costs, row
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materials, fuel, etc) are subject to uncertainty. The assumed
probability distribution for construction costs is shown 1in
figure 4-9.

Irrigation water demands are subject to great

uncertainty. First, unexpected water losses could happen in

irrigation channels and installations. This will require a
greater amount of water to satisfy the irrigation
requirements. Second, irrigation requirements are not

perfectly defined. Physical conditions of soil and plants may
differ from the initial forecasts. Third, different crops may
be planted with different water requirements. All these
factors <create a great uncertainty in the amount of water

demanded for irrigation, as can be seen in Figure 4-10.

4.3.- APPLICATION OF THE METHOD TO THE CASE STUDY

We have supposed here that the development of the river
is an important aspect of the development of a rural area.

People of that area want, of course, to obtain as much net

benefit as they can. But they are equally concerned with the
effect of uncertainty. They want robust projects that
"guarantee" that even if uncertain conditions happen to be

bad, they can still expect satisfactory performance from the
projects. Our job as analysts is to decide, from all the
projects indicated in Figure 4-1, what projects should be
built and what projects =should not be built. Also for the

projects to be built, we have to decide their sizes. These
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projects have to provide acceptable net benefits and also the
robustness that people want.

The method described in Chapter 4 is suited to solve this
case. The method identifies a few candidate alternatives and
evaluates their robustness and expected net benefits. After
that, in a decision makKing process among the parties involived
in the basin, each candidate alternative may be compared with
the others. The comparison process consists in deciding how
much robustness are people willing to give up to obtain more
expected net Dbenefits. The subsequent decision making process
is beyond the scope of the method. What follows describes how
the case study is solved using the method. The description is

based in the step by step process indicated in Chapter 4.

4,3,1.- Step 1: Derive the ideal net benefits curve

There are five uncertain parameters in this case study.
Therefore, the vector © is formed by five elements:

© = (84, ©2, ©3, Oy, ©Os5l

where:
04 = agricultural products prices ($/Ha)
©p, = electricity prices ($/Mwh)
©3 - discount rate (%)
9y = construction costs (% increase)
©g = lirrigation water demands (% increase)

Figures 4-6 through 4-10 showed the probability distribution
of the uncertain parameters. To use these curves in the
method, we have to divide them in discrete intervals. We

divide each probability curve in three intervals. Table 4-3



summarizes the values of the intervals and their probabilities
for every uncertain parameter.
TABLE 4-3: Intervais in which the continuous

probabllity distribution of the uncertain
parameters have been divided

ist ond Ird
YARIABLE INTERVAL INTERVAL INTERVAL UNITS
Value Prob.  Yalue Prodb.  Value Prob.

Discount Rate 81 301 {01 501 fet 201 1

Constr. Costs -5 501 even 358 +238 {154 1 Increase
Irrig. Demands -501 3 even 33 +501 KkH 1 Increase
Agric. Prices 30 01 L1 401 50 o1 $/Ha
Electr. Prices {0 251 20 401 30 351 $/Mh

Now, for example, the wuncertain parameter ©3, discount
rate, has three values associated: 931 = 8%, 932 = 107, and
©33 = t2%. The same can be said for the other uncertain
parameters. The vector © 1is therefore formed by: 3:3:3:°3:3 =
243 elements. To clarify the meaning of the uncertain
parameters vector ©, consider one of its elements, for example
the element (041,052, 0328 6,1,053]. This element indicates

uncertain conditions defined by (according to Table 4-3):

©4 - agricultural products prices = 30 $/Ha
©p - electricity prices = 20 $/Mwh

©3 = discount rate = 10%

©y - construction costs = 25% decrease

©5 = 1rrigation water demands = 50% increase

From table 4-3 we <can also obtain the probability of the
element [©41,0,2 032, 6,1, 053). We assume independence between
the uncertain parameters, what in this case seems a very
reasonable assumption. The probability of [911,922,632,941,

653] is:
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p (011,082,032, 841,053] = poyl) p(e2) p(O32) p(oyl) p(ogd):
= 0.50 0.50 0.33 0.30 0.40 = 0.010 = t.000 «
After doing this for each one of the 243 elements of the
uncertain parameters vector, we have defined all the uncertain
situations with their probability of occurrence. Table B-1 in
Appendix B shows the probability of occurrence of each

uncertain element,

Ideal net benefits curve

We have defined 243 possible future situations with their
correspondent possibilities of occurrence. The ideal net
benefits curve indicates the maximum net benefits that can be
obtained from the basin for each one of the 243 possible
future situations. To calculate one point of the ideal net
benefits curve we utilize the LP package to solve the
screening model. For example, in the screening model for
[e4!,0,52, 032,041, 053], agricultural products prices are 30
$/Ha, electricity prices are 20 $/Mwh, discount rate is 1074,
construction costs are multiplied by 0.75, and irrigation
water demands are multiplied by 1.50. The computer gives us
the maximum net Dbenefits that c¢ould be obtained for this
situation, and also the optimal sizes of the projects to
builild. The same process has to be done for the other 242
possible future situations. In total, 243 optimization runs of
the screening model have to be performed.

The ideal net benefits curve can not be graphically
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represented, because 1t 18 defined 1n a S5-dimensions space.
Table 4-4 shows the numerical values of the ideal net benefits
curve for the case study. We can see that for [64!,0,2, 632,
941,953], the ideal net benefits curve indicates net benefits

of 1.03 million $.

Optimal sets of design decision variables

In this case study there are ten design decision
variables. Then, the vector X 1s formed by:

X = {X4, Xp, X3, Xy, X5, Xg, X7, Xg, Xg, X403

where:
Xy = Volume of Reservoir A (Hm3)
Xp = Volume of Reservoir B (Hm3 )
X3 = Volume of Reservoir C (Hm3)
Xy = Volume of Reservoir D (Hm3)
X5 - Area of Irrigation B (Ha)
Xg = Area of Irrigation C (Ha)
Xy = Area of Irrigation D (Ha)
Xg = Capacity of Plant A (Mwh)
Xg = capacity of Plant C (Mw)

X1g = Size of the Transfer (m3/s)

From the 243 optimization runs performed to obtain the
ideal net benefits curve, we also obtained 243 optimal sets of
decision variables. We generically represented them by:

X*[9]

To illustrate the meaning of X¥*[e], lets consider the
particular value X*[6,1,0,2 652,0,1,053]. This represents the
optimal set of decision variables obtained from the
optimization run performed {for [611,922,632,641,953]. In
particular for decision variable X{ (volume of Reservoir A},

we obtained the optimal value: X *[641,0,2 052 6,1, 053] =
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4-4;

Ideal net benefits curve (million §)
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0 Hm3. Besides this optimal value of Xy for [911,622,632,641,
653], there are other 242 optimal values of X4, corresponding
to the other 242 possible future situations. Table B-2 in
Appendix B shows the 243 optimal values of Xy,

The same could be said for the other nine design decision
variables. There are 243 optimal values for each one. Tables
B-3 through B-11 show the optimal values for design decision

variables Xp through Xyg. These tables are the basis for next

step.

4.3.2.- Step 2: Select candidate alternatives

We have 243 values for each design decision variable.
When we consider one decision variable, for example X4, we can
get the probability distribution of these values. For Xy,
looking at table B-2, there are only two different values: 84
Hm3 and 0 Hm3. In table B-1 we have the probability of each
optimal value to occur. With this, we have all the data we
need to calculate the probability distribution of the values
of Xy. And the same can be said for the other nine design
decision variables. Table 4-5 shows the probability
distributions of the wvalues of the ten design decision
variables,

The probability distributions indicated in Table 4-5 can
also be plotted. Figures B-i1 through B-10 show the bar graphs
representation of the probability distributions. These graphs

provide a quick means for identifying the most liKely values
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TABLE 4-5:

Frobability distribution

of the values

of the design declislion variables
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of the design decision variables. Consider for example Figure
B-7, for the design decision variable Xy = area of irrigation
D. The wvalues of X7 are clustered in three groups: (1) 0 Ha,
(2) around 1600 Ha, and (3) around 20700 Ha. The first cluster
is formed exclusively by the value of 0 Ha. The second cluster
is formed by values of 1550, 1650, and 1720 Ha. The third
cluster 1is formed by values of 20670, 20770, and 20840 Ha. The
reference value of the first cluster is obviously zero. For
the second cluster, the representative value can be obtained
by obtaining the weighted average of the three values included
in the cluster (weighted by the probability of each value).
The weighted average is 1640 Ha. Then, in this cluster,
instead of considering three very <close values, we only
consider the representative value 1640 as the reference value
for the <cluster. It can be analogously done for the third
cluster obtaining 20710 Ha as the reference value.

The clustering procedure serves to identify the two or
three more liKely reference values (with their respective
probabilities) for each design decision variable. Table 4-6
shows the reference values of the decision variables after the
clustering procedure. A size of zero means that the project is
not built. Table 4-7 summarizes the projects that are more
likely to be built, their sizes, and their probability.

Analyzing Tables B-2 through B-1t, we can infer some
relationships among projects., Consider, for example, Dam A. It

is easy to see, by comparing Table B-2 with Table B-3, that
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TABLE 4-6:

Probability

reference values
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TABLE 4-T7: Projects more likely to be built

PROBABILITY PROJECT SIZE
100.00 ¥ Plant A 9 MW
95.21 ¥ Irrigation B 16570 Ha
87.59 7 Dam B 84 Hm3
59.42 % Irrigation C 18680 Ha
59.42 % Dam C 105 Hm3
38.14 7 Plant C 6 MW
20.60 % Irrigation D 20710 Ha
20.60 % Dam D 123 Hm3
11.50 # Dam A 84 Hm3
10.066 ~« Irrigation D 1640 Ha
10.66 7 Dam D 21 Hm3
3.88 « Irrigation B 27880 Ha
0.72 * Plant C 10 MW
0.72 * Transfer 8 mi/s

when Dam A 1s built (size different that zero), Dam B is never
built. Also when Dam B is Dbuilt, Dam A 1s never built.
Therefore, we can then say that Dam B is an incompatible
project with Dam A: they are mutually exclusive. Comparing
Table B-2 for Dam A with the rest of the tables, we see that
when Dam A 1is built, four other facilities are always built:
Dam D, Irrigation B, Irrigation D, and Plant A. This means
that these four facilities are more profitable than Dam A,
because these facilities have to be already built before
building Dam A. Study now the relationship between Dam A and
Irrigation C. We see from their respective Tables (B-2 and B-
7) that sometimes Dam A is built and Irrigation C is also
built. Other times Dam A 1is built and Irrigation C is not
built. We <can conclude that ‘there is no unique relation

between Dam A and Irrigation C: no one is more or less
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profitable than the other.

Repeating the same comparison process made with Dam A for
all the other design decision variables, we obtain Table 4-8,
called the Compatibilities table. For any given project, this
table shows the more profitable projects, the incompatible
projects, and the non related projects. The same information
can be graphically represented in "hierarchical" form (Figure
4-141). Top projects are more profitable than bottom ones. When
we decide to build a project, those projects that are above it
have to be also built. There are projects (for example,
Irrigation D and Dam D) that have to be built together or not
built at all: Irrigation D can not be buillt without building
Dam D, and Dam D can not be built without also building
Irrigation D.

To create candidate alternatives for development of the
basin, we combine the possible projects (dams, 1irrigation
areas, plants, and transfer). Many combinations <can be made
with these projects that will result in different planning
strategies. But, when we 1impose the constraint that the
combinations among projects have to respect the compatibility
table (Table 4-8) or the hierarchical graph (Figure 4-11), the
number of possible combinations is very reduced. In fact, only
14 possible combinations are allowed in this case study.

Once we have decided what projects are part of a
candidate alternative, we must decide their sizes. We already

have the reference sizes for the projects. It is reasonable to
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TABLE 4-8:

Compatibilities table
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FIGURE 4-11: Hierarchical representation of

relationships among projects

think that the sizes of the projects included in the candidate
alternative are the reference sizes of the projects. For each
project, the most likely reference size is the one with
greatest probability. In some cases two or even three most
reference sizes with similar probabilities can be identified
for a single project,. In this <case study, however, each
project has a main reference size that stands clearly.
Secondary reference sizes have probabilities of at least half
of the probability of the main reference size. Table 4-9
summarizes the reference size for every project.

Now we have identified 14 possible combinations of

projects, and for each project we have identified its
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TABLE 4-9: Reference sizes for the projects

PROJECT SIZE PROBABILITY
Dam A 84 Hm3 11.50 %
Dam B 84 Hm3 87.59 *
Dam C 105 Hm3 59.42 7
Dam D 123 Hm3 20.60 ¥
Irrigation B 16570 Ha 95.21 4
Irrigation C 18680 Ha 59.42 %«
Irrigation D 20710 Ha 20.60 %«
Plant A 9 MW 100.00 «
Plant C 6 MW 38.14 «
Transfer 8 m3/s 0.72 ¥
reference si1ze. Therefore we have identified 14 candidate
alternatives, that are described in Table 4-10. These

alternatives are candidate because are formed by combinations
of projects that satisfy the Compatibility table, and each

project has its reference size.

4,3.3.- Step 3. Assess the performance of the alternatives

From the former step we have 14 candidate alternatives.
In this step we have to asses the performance of every one of

them under the uncertain conditions existing in the basin.

Curves of net benefits

Uncertain conditions are approximated Dy defining 243
possible future situations. To assess the performance of a
candidate alternative under uncertain conditions we have to
independently evaluate the performance of the alternative
under each one of the 243 possible future situations.

Lets study the performance of Alternative A. We consider
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TABLE 4-10:

Candidate

alternatives
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the future situation defined by [©641,0,2,032,0,4%,053]1. To
calculate the maximum net benefits that Alternative A would
produce if the situation defined by [©11,0,2, 0352 6,41, 053] does
come, we optimize operating rules for Alternative A under the
conditions [©41,8,2, 0632 641, 653]. We use the LP package, and
we obtain the optimal releases and irrigation policies that
yvield maximum net benefits for Alternative A. We are not
really concern about the operating rules, but only about the
value of maximum net benefits of Alternative A under
conditions [©4!,6,2, 032, 6,1, 053],

To evaluate the performance of Alternative A for all the
possible future situations, we must run the LP program a total
of 243 times, to optimize operating rules for each possible
future situation eiJ. Table C-1 in Appendix C 1indicates the
maximum net benefits resulting from the 243 optimization runs
for Alternative A. The same process has to be repeated for
Alternatives B through M. Tables C-2 to C-14 show their
respective maximum net Dbenefits under uncertain situations.
These Tables C-1 to C-14 are called curves of net benefits of
the candidate Alternatives A to N.

In total, it was necessary to perform 14-243 = 3402
optimization runs to calculate the curves of net benefits for

the 14 candidate alternatives.

Expected value of net benefits for the alternatives

The expected value of net benefits for a candidate



alternative is directly calculated from 1its curve of net
benefits. The expected value of net Dbenefits is only the
welighted average of the values of the curve of net benefits.
The weights are the probabilities of the uncertain conditions
given in Table B-t. The values of expected net benefits for

every candidate alternative are given in Table 4-11.

Indices of robustness for the alternatives

The index of robustness for a given candidate alternative
is also <calculated from 1its curve of net benefits. But it is
also required the ideal net benefits curve (Table 4-43), The
first stage is to calculate the difference between the curve
of net benefits of the candidate alternative and the 1ideal net
benefits curve. The difference is the <called delta curve of
the alternative. The delta curve indicates how far the
candidate alternative is from reaching the potential of the
basin. The second stage is to calculate the expected value and
the standard deviation of the values of the delta curve. To
calculate both we need again to wuse the probabilities of the
uncertain conditions in Table B-1. The last stage 1is to
compute the coefficient of variation of the wvalues of the
delta curve. The coefficient of variation is just the standard
deviation divided by the expected value (note that the
expected value of delta always has to be greater than zero).
As shown in Chapter 4, the Index of Robustness of an

alternative 1is equal to the coefficient of variation of the



values of its delta curve, Table 4-11 summarizes the indices

of robustness of the candidate alternatives.

TABLE 4-11: Expected net benefits and index of
robustness of each candidate alternative
EXPECTED NET INDEX OF N - CV
ALTERNATIVE BENEFITS ROBUSTNESS (N=2)
Ideal NB Curve 2.818 0.000 2.000
Alternative A 0.496 0.769 1.231
Alternative B 1.698 0.858 1.14¢2
Alternative C 0.710 0.846 1.154
Alternative D 1.657 0.825 1.175
Alternative E 1.913 1.057 0.943
Alternative F 2.718 1.343 0.657
Alternative G 2.331 0.455 1.545
Alternative H 1.722 0.374 1.626
Alternative 1 1.871 1.008 0.99¢2
Alternative J 2.693 1.079 0.921
Alternative K 2.292 0.437 1.563
Alternative L 1.706 0.381 1.619
Alternative M 2.545 0.97¢2 1.028
Alternative N 2.507 0.872 1.128

4.3.4.- Step 4: Compare among alternatives

Cnce we have the expected value of net Dbenefits and the
index of robustness for every alternative, we have to organize
this information in a clear form. The best method is to use a
graph where expected value of net benefits is in the
horizontal axis and robustness is in the vertical. As
indicated in Chapter 4, robustness should be represented by N
- CV, where N 1s a "large" number. In this case, N is equal to
2. Figure 4-12 shows the Pareto two-objective graph for our
case study. Each alternative 18 represented as a point in this
graph.

The non-inferior set 1s formed by Alternatives H, K, G,
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FIGURE 4-12: Pareto two-objective graph for the
candidate alternatives of the case study
N, M, J, and F. The maximum robustness is provided by

Alternative H, and the maximum expected net benefits is
provided Dby Alternative F. With respect to these extreme
values, we can calculate the percent of losses in robustness
and expected net benefits of the other alternatives (Table 4-
12).

Alternatives K and G seem to be in the "compromise" zone.
These alternatives have relatively high expected net benefits
{only about 154 less expected net benefits than F), and they
are relatively robust (only about 20% less robustness than H).
Any other of the non-inferior alternatives (H, M, N, J, or F)
has significant decrease 1in either robustness or expected net
benefits. The final choice of an alternative to implement is

outside of the scope of this thesis, because it depends on
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TABLE 4-12: Decrease In expected net benefits and Iin
index of robustness of the non-inferior
alternatives with respect to the maxlimum
values

DECREASE IN DECREASE IN

NON-INFERIOR EXPECTED NET INDEX

ALTERNATIVE BENEFITS OF ROBUSTHNESS
Alternative H 36.64”% -—-
Alternative K 15.67% 16.87%
Alternative G 14,267 21.75%
Alternative N T.7T7% 133.507%
Alternative M 6.367% 160.297%
Alternative J 0.93% 188.92~
Alternative F - 259.58%

agreement among the parties involved in the decision-makKing
process. However, as conclusion of the case study, the
alternatives that have more possibility of being chosen are

Alternatives K and G.

4.3.5,- Conclusions about expected net benefits and robustness

From the analysis of the Pareto curve in Figure 4-12, we
may obtain some conclusions about the relationship between the
characteristics of the alternatives and their expected net
benefits and robustness.

First, we study the expected value of net benefits. Table
4-7 shows the most likely project to be built. The
alternatives which contain the most l1iKely projects to be
built {(those with probability of more than 50% in Table 4-7)
are the alternatives which have the greater net benefits.
Therefore, Alternative F, which contains the most profitable

projects (Plant A, Irrigation B with its associated Dam B, and
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Irrigation C with 1its associlated Dam C), 1s the alternative
with the greatest expected net benefits. Qther alternatives
formed by less profitable projects have smaller expected net
benefits. For example, Alternative G is formed by the same
projects than Alternative F, but substituting Irrigation C by
Irrigation D. Since Irrigation D has a lower probability of
being built than Irrigation C, Alternative G has smaller
expected net benefits than Alternative F. An interesting
exception to this rule happens when substituting Plant C by
Irrigation D. Irrigation D 18 less likely to be built than
Plant C {(see Table 4-7), Therefore, alternatives containing
Plant C are supposed to have greater expected net benefits
than the same alternatives containing Irrigation D. However
the contrary happens, as can be seen by comparing Alternative
E with Alternative G, or Alternative 1 with Alternative K. The
special circumstances of Irrigation D, that are discussed at
the end of the chapter, may be the reason for this exception.
Second, we study robustness. We should expect that those

alternatives formed by more interrelated projects are the most

robust, because they have more possibilities of varying
operation rules to mitigate the effect of unfavorable
conditions in some projects. In fact, the two alternatives

formed by more projects (Alternatives H and L, each one formed
by seven projects) are the most robust. But, except in this
case, there 18 no consistent relationship between the number

of projects included in an alternative and its robustness. For



example, Alternative A, formed only by one project, 18 more
robust than Alternatives N and M, each formed by sixX projects.

There are, however, two consistent relationships between
the composition of the alternatives and robustness. The first

relationship refers to the alternatives which replace Dam B by

Dam A. From the hierarchical graph (Figure 4-11), we see that
Dam A and Dam B are incompatible projects and can not be
present in the same alternative. We found that an alternative
is more robust {(although having less expected net benefits)
with Dam A than with Dam B. This 1s the case of Alternatives
D, I, N, J, and K over Alternatives B, E, M, F and G
respectively. Dam A is less likely to be built than Dam B (see
Table 4-7). This explains that alternatives containing Dam A
have smaller expected net benefits than alternatives
containing Dam B. The greater robustness of alternatives which

include Dam A instead of Dam B may be explained by looking at

the configuration of the system (see Figure 4-1). Dam A 1is
upstream of Dam B. Dam B <can only be used for regulation of
the water of Irrigation B. However, Dam A, in addition of

being used for regulation of Irrigation B, can also be used
for regulation of Plant A and for regulation of the Transfer.
This possibility of using Dam A for several uses of the water
confers greater robustness to the alternatives.

There is a second consistent relationship between the
composition of the alternatives and robustness: alternatives

that include Irrigation D (with 1ts associated Dam D) are more
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robust than the same alternative without Irrigation D. For

example, Alternative B 18 less robust than Alternative G,

Alternative D than Alternative K, Alternative F than
Alternative H, etc. Curiously, Irrigation D 1s not a liKkely
project to be built (see Table 4-7). The possible explanation

of the increase in robustness when including Irrigation D in
an alternative 1s that Irrigation D is the last chance of
using the extra water (that is the water in excess over the
downstream requirements) that otherwise will be lost
downstream. ExXxtra water 1s always present in this section of
the river because the return flows from Irrigations B and C
and the flow of the middle tributary. Then, although
Irrigation D does not make a very efficient use of the water
(and this 1s the reason why some alternatives with Irrigation
D have smaller expected net benefits than without Irrigation
D), the existence of extra water provides the possibility of
using Irrigation D under any condition.

The conclusion of this section 1s that, while there is a
clear relationship between the configuration of the
alternatives and their expected net benefits, no such clear
relationship exits with respect to their robustness. The
characteristics of the individual projects (as Dam A and
Irrigation D) seem to be more important than the configuration

of the system as a whole.
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CHAPTER 5: CONCLUSION

This chapter 18 divided in two parts. The first part
summarizes the planning method described in this thesis. The
second part discusses the characteristics of the method within

the generali framework of water resources planning.

Summary of the method

This thesis presented a two-objective method for water
resources planning. One of the objectives is to maximize
expected net bennefits {the traditional water resources
objective) and the other objective 18 10 maximizZe robustness.
The reason for c¢onsidering robustness is the existence of
uncertain parameters 1n the process of planning water systems.
In deterministic problems, the concept of robustness does not
have any meaning.

The consideration of ropbustness 18 original in this
thesis. Robustness 1s a measure of the sensitivity of the
performance of a project to uncertain conditions. Insensitive
performance correspond to robust projects, that are able to
mailntain a relirable performance, 1independently of the value
that the uncertain parameters happen to take.

In Chapter 2, I reviewed some indices t0 measure
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robustness and resiliency of water systems. The indices
exposed by Hashimoto [1982a, and b] and Fiering {t982a, b, c,
and d} do not correspond to the <concept of robustness
indicated 1n this thesis, Therefore, to quantify robustness
and to use 1t in the two-objective analysis, I developed a new
robustness 1ndex. This 1ndex of robustness of a project 1is
related to the distribution of possible net benefits as
consequernice of uncertainty. Because of uncertainty, we can not
predict a single value of net benefits from a project, but we
may be able to obtain the possible distribution of net
benefi1ts as a function ot the uncertain parameters., If this
distribution 18 very disperse, it indicates non-robust
performance of the project: there 1s a wide range of project
performance depending on variation on the input parameters. 0On
the other hand, small dispersion of the values of the
distribution 1ndicates robust performance, because the
performance o¢f the project is similar even under different
conditions.

The process to obtain the indices of robustness of the
planning alternatives 18 part of the general method proposed
in this thesis to solve the two-objective problem. The method
requires the use of screening models as optimization
technique. The method begins by displaying all possible
facilities that could be built in the basin. Then, after
performing the four steps described in Chapter 3, the result

of the method 1s a set of non-inferior development strategies
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for the basin, presented 1n a Pareto form graph. In Chapter 4,
to prove the practical viability of the method, 1t was applied
to an hypothetical case study.

One of the main advantages of the method 1s that, in the
process of finding the Pareto curve, the method produces
interesting information on the pbasin as a whole and on the
individual projects. For example, the method evaluates the
potential of the basin to produce net benefits, represented by
the 1deal net benefits curve. This shows the maximum net
penefits the Dbasin would 1i1deally yield for each uncertain
future condition. These net benefits can never be exceeded for
any candidate alternative. The goal of the candidate
alternativesg 1s to be as close as possibtle to the 1deal net
benefits curve. The method also provides information on the
individual projects. The most and least profitable projects
are identified. Also compatible and 1ncompatible combinations
of projects are detected. In  summary, after the method 1is
applied, we can have a good insight on the potential of the
basin and projects.

Characteristics of the method within the water resource

planning framework

The purpose of any planning method 18 to provide
information to decision maKers. Different planning methods are
characterized by the amount of relevant information provided
and by the time and expenses in generating the 1information.

This section discusses the improvements to the planning
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process that the method described 1in this thesis will bring
about, particularly in dealing with urnicertainty and
multiobgjective analysls.

Uncertainty. Traditional water resources optimization

models only provide one solution that maximlizes the objective
measure. There 18 nothing wrong with this procedure, 1f we
were certain that the model represents the real si1tuation of
the basin. However, water resources systems are subject of
great uncertainty. There 18 uncertainty 1in our estimation of
the physical and economical conditions of the basin, and there
1s also uncertainty due to the randomness of the hydrological
process 1tself. There are some methods that may, in theory,

deal with uncertainty and still obtaln an unigque optimal

solution (stochastic litnear programming, described by Loucks
et al., 1981). But the practical utility of these methods 1is
very limited since they requilire extraordinary computer

facilities.

The method developed in this thesis 18 specially suited
to deal with the uncertainty issue. The method accomplishes
this task by performing many independent optimization runs.
Any availlable algorithm to solve deterministic optimization
problems can be used (screening models, in particular). The
method does not requires sophisticated computer equipment; in
fact the case study in Chapter 4 was fully solved using an IBM
XT personal computer.

Another advantasge of the method 18 that there 18 no
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limitation to the level of uncertainty we can consider. If we
want to 1nclude more or other uncertailn parameters in the
analysis, the method can still be applied. Of course, the
number of optimization runs 18 increased, and more computer
time 18 necessary. The limitation to the study of uncertainty
18 not given by the method 1tself, but by our ability and
Knowledge to represent the actual reltationships between the
variables modeling the exi1sting conditions 1in the basin in a
mathematical form

The method not only serves tor planning under
uncertainty, but also 1t gqguantifies 1tlhe effect of uncertainty
in the projects. We are concerned about uncertainty, because
when uncertainty 18 present, we can not surely predict the
future performance of the projects. This thes1is calls
robustness the measure of the sensitivity of projects to
uncertainty.

The method further advances the research in the area of
uncertalnty 1in water resources planning.

Multiobjective analysis. Economic criterion 18 the most

utilized evaluation c¢riterion to evaluate the merits of the
projects. To use this criterion alone 1s correct when all the
ocutcomes of the projects can be quantified 1n monetary terms.
However, the project may have other non-economic effects (for
example, pollution) that could interest decision maKers. The
practical problem of considering non-economic effects 18 how

to measure them. Methods are found in the literature to
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quantify ecological, recreational and otner etfects. Some of
these methods are general, and some are Just for specific
cases.

The method of this thesi1s 1s part of the multiobjective
technigques. As said before, this thesis studies robustness and
net penefits as part of a two-objective problem. We consider
that neither robustness nor net benefits are criteria to be
used alone. Robustness 1is an important element to he
considered in the decision maKing process for decision making
because 1t indicates reliability 1n the project performance
under future conditions. In rural areas or in developing
countries, the 1ssue of robustness of water resources projects
may be critical. These projects may be implemented to provide
a mean of subsistence to the peoplie of underdeveloped regions.
In those cases, to implement a reliabple project that always
produces some net benefits 1s preferable than tc implement a
project that may produce much more net benefits, but may also
produce nothing.

The method solves the two-objective problem by finding a
Pareto curve or, imn other words, the non-inferior set of
projects. The FPareto curve 1is the result of the method, and 1t
is to be given to the decision makers. The advantage of the
Pareto curve 1§ that the information about the alternative
projects 18 easily visualized and understood. There are two
reasons why the decision-maKing process is much improved with

the Fareto curve., First, when deci1sion making involves a
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collective process of negotiation, the Pareto curve i1ncreases
the probability ot agreement and of finding compromise
solutions. This 18 not the case 1n the traditional single
objective water resource planning techniques that present to
the deci1si1on makKers only one optimal alternative that 1s
guaranteed to be the best solution. This does not provide much
room for negotiation. However, in two-objective methods l1i1Ke
the one of this thesis, the concept of best alternative does
not exist. A decision-making process 1s necessary to define
the tradeoffs among objectives, in this case robustness and
net benefits.

Secondly, the method also 1mproves the communication
between analysts and decision makers., For example, if a
decislion-makKing group strongly supports a particular project,
the analyst may evaluate the performance of the project and
locate 1t in the Pareto graph. The project can now be
objectively compared with other candidate projects, and 1in the
case of being 1ntferior, 1t should be disregarded in favor of a

non-inferior project.
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FORMULATION OF THE SCREENING MODEL

M BEMEFITS - DISCOST
ST
!

' Alter parameters
DISCCST — 0.a817 COST = O
COST - 0.75 CONSTRUC = 0O
IRRIGAT — 0.3 [RRAREA
IRREBEN — Q.03 IRRAREA
ELECEBEN — O.1 FOWER = O

O
O

! Benefi1ts and costs
BENEFITSE ~ IRREEN — ELECEBEN = Q
CONSTRUC - DAMCOST - IRRCOST - ELECCOST - TRFCOST = O

DAMCOST - 1.3 YDAMA - 1.5 YDAME - Z YDAMC -~ 2 YDAMD - (.44

vaLbAamMA — 1.7&6& VOLDAMEB — 0056 VOLDAMC - 1.04 VOLDAMD = O
IRRCOST - 0.25 YIRRE - ©.S YIRRC - YIRRD - 0.0BZ AREAER -
AREAC - 0.336 AREAD = 0O

ELECCOST — YFLANTA — 1.5 YFLANTC - S CAFACA - 7.7 CAFACC
TRFCAOST - 1.5 YTRF — 0.14 TRFSIZE = O

' Continuity

O.247

= O

?.3132 SAZ —- 9.418 SA1 + RELA1 = 5.28

F.5132 SAT ~ 9.228 5AZ + RELAZ = 2.72

7.51% S8A1 - 9.418 SAZ + RELAZ = 8

2.51% SBZ — 9.I2%3 SR1 + RELE1 + IRRE1 - RELAL + TRFI = Q

.53173 SBET — 9.03Z7 EBZ + RELRZE + IRRBE - RELAZ + TRFZ = O

?.51% SRl - 9.418 SBZ + RELBI — RELAZ + TRFI =

2.3513 8C2 — 9.0%Z7 8C1 + RELC!1 + IRRCT - TRF1 = 6.6

F.513% 8CE — B.637 SCZ + RELCZ + IRRCZ - TRF2 = 3.4

2.513% 8C1 — 2.228 SCI + RELCZ — TRFZ = 10

F.51% 8D2 - 8.847 SD1 + RELD: + IRRDI - RELB1 - RELC1 - IRRTB!
IRRTCL = 1.32

.51%2 SDZ - B.562 5D2 + RELDZ + IRRDZ - RELEZ - RELCZ - IRRTERZ
IRRTCZ = 0.68

.51 8btl - 2.228 5D + RELDZ - RELBZ - RELCZ - IRRTEZ - IRRTCE

RELD: + IRRTDI
RELDZ2 + IRRTDZ =
RELDZ + IRRTDI &=
' Reservolr volumes
sl — VELDAMA <= 0
sS4 - VOLDaMAs D= 0
ses = MOLD&Era = 0
SEL — VOLDaME <= O
SpZ -~ VOLDAME 0
SEIT - VOLDAMR <= O
SCl - vOoLDAMC O
sCE2 - YaLbamo Q
SC2 - voLDbAMC 0
SDt1 - vaLDbAmo
gDz —~ VOLDAMD <

SDE VOLDAMD <= O

'lrrigation laosses and wata@r requirements for irrigation

b3

<L

i AR

li

o n
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2.125 IRREB1 - LANDEL = O

2.125 IRREBZ - LANDEZ = O

2.08 IRRC1 - LANDCL = O

Z.08 IRRCZ — LANDC2 = O

1.992 IRRD1 - LANDD: = O

1.992 IRRDZ - LANDDZ = 0

IRRIGAT - LANMDE1 - LANDEZ - LANDC1 - LANDCZ -
LANDEB1 - AREAR <= O

LANDEZ — AREAR <= O

LANDC1 - AREAQAC <= O

LANDCZ — AREAC <= O

LANDD1 - AREAD <= O

LANDDZ — AREAD <= G

' Irrigation return flow

IRRTE1 — 0O.162 IRRRBL - 0.135 IRREZ = O
IRRTEBZ — 0O.0Z0 IRRER1L — 0.026 IRREBZ = 0
IRRTRZ — 0.184 IRREB1 - Q.Z214 IRRE2 = O
IRRTC1 - ©.167 IRRC1 - 0.140 IRRCZ = 0O
IRRTCZ = 0,031 IRRC1 —~ ¢.027 IRRCZ2 = 0O
IRRTCZ — €.191 IRRC1 - Q.222 IRRCZ = O
IRRTDYI - 0.178 IRRD1 - ¢.149 IRRDZ2 = O
IRRTDZ — ©.03Z3 IRRD! - Q.029 IRRDZ2 = O
IRRTDE - C.Z0EF IRRDI - 0.237 IRRDZ2 = O

! Hydropower canstraints

S.361 FOWERAL —
5.361 FOWERAZ -
S.361 FOWERAZ -

10,722
10.722
10.722
0.059
QL0859
. 059
0.059
. 059
. 059
FUOWER
= O
' Trans
TRFEI -
TRFZ -~
TRFZ -
' Cond
AREAR
AREAC
AREAD

VOLDAMA — 2
VOLDAMER -
vaLbamc -
VOLDAMD - Z0

AREAR
AREAC

RELAL <= Q
RELAZ <= 0Q
RELAZ <= 0Q

FOWERC1 — RELC1 <= O
FOWERCZ - RELCZ <= 0
FOWERCZ - RELCZ <= O
FOWERAL — CAFACA == O
FOWERAZ - CAFACA <= 0O
FOWERAZ — CAFACA <= 0
FOWERC1 - CAFACC <= 0
FOWERC2 — CAFACC <= 0
FOWERCE — CAFACC <= O
— FOWERA1 — FOWERAZ - FOWERAZ — FPOWERCH
ter=s size
TRFSIZE <= G
TRFSIZE <= O
TRFSIZE <= O
TZionality and maximum sizes
- S0 YDAMR <= O
- 7 ¥YDAMC = 0
- 90 YDAMD <= O

YDAMA = O
7 YDAME = O

10 YDAMC =
YDAMD <=
- 50 YIRRE = Q

- 73 YIRRC

O

LANDD1 -

FOWERCZ

LANDDZ = O

FOWERCZ
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AREAD — 90 YIRRD <= O
CAFACA - YPLANTA

I

CAFACE — 7 YFLANTC <= O
TRESIZE — 20 YTRF <= Q
END

INTEGER YDAMA
INTEGER YDAME
INTEGER yDAMC
INTEGER YDAMD
INTEGER YIRRE
INTEGER YIRRC
INTEGER YIRRD
INTEGER YFLANTA
INTEGER YFLANTC
INTEGER YTRF
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SUMMARY OF VARIABLES AND PARAMETERS OF THE SCREENING MODEL

Design decision variables

Va Volume of Reservoir A (Hm3)
Vg Volume of Reservoir B (Hm3)
Ve Volume of Reservoir C (Hm3)
Vp Volume of Reservoir D (Hm3)
Apg Area of Irrigation B (Ha)
Ac Area of Irrigation C (Ha)
Ap Area of Irrigation D (Ha)
Ca Capacity of hydropower Plant A (MW)
Cc Capacity of hydropower Plant C (MW)
T Size of the Transfer (m3/s)
Operational decision variables
Ra, t Releases from Reservoir A (t = season 1{,2,or 3)
RB,t Releases from Reservoir B (t = season 1,2, or 3)
RC,t Releases from Reservoir C (t = season {,2,or 3)
Rp, t Releases from Reservoir D (t - season {,2,or 3)
Ig, t Water diverted to Irrigation B (t = season 1,2, or 3)
IC,t Water diverted to Irrigation ¢ (t = season 1,2, or 3)
ID,t Water diverted to Irrigation D (t = season t,2, or 3)
Ty Water diverted to the Transfer (t - season 1,2, or 3)
Other variables and parameters
B Annual benefits ($)
C Annual costs (3$)
CccC Total construction costs ($)
04 Price of agricultural products ($/Ha)
SF Price of electricity ($/MWh)
O3 Discount rate (%)
Oy General increase or decrease in constr. costs (%)
Og general increase or decrease in irrigation water
demands
Ls,t Land irrigated at Irrigation s in season t (Ha)
Lgt land irrigated in Irrigation B in season t
Lct land irrigated in Irrigation C in season t
Lpt land irrigated in Irrigation D in season t
Pg t Power produced at Plant s in season t (Mwh)
PA,t power produced at Plant A in season t (t = {, 2, 3)
Pcot power produced at Plant C in season t
n Projects lifetime (years)
ag Variable costs of Reservoir s ($/Hm3)
Bs Variable costs of Irrigation s ($/Ha)
Tg Variable costs of Plant s ($/MW)
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FVg
FAg
FCg
FT

YV

YCg

YT

return to the river in season t

of Transfer [$/(m3/s)]
Reservoir s (3$)
Irrigation s ($)

Variable costs
Fixed costs of
Fixed costs of
Fixed costs of Plant s ($)

Fixed costs of Transfer ($)

Integer variable for Reservoir s:

If Reservolr s 1Is buillt: YVg =

[f Reservoir s is not built: YVg = 0
Integer variable for Irrigation s:

If Irrigation s 1is built: YAg = 1

If Irrigation s is not built: YAg = O
Integer variable for Plant s:

If Plant s is built: YCg = 1

If Plant s is not built: YCg = O
Integer variable for Transfer:

If Transfer 1s built: YTg = 1t

If Transfer is not built: YTg = O

Storage in Reservoir A in season t (t = 1,2,3)
Storage in Reservoir B in season t (t = t,2,3)
Storage in Reservoir C in season t (t = {,2,3)
Storage in Reservoir D in season t (t = 1,2, 3)
Releases from Reservoir A in season t

Releases from Reservoir B in season t

Releases from Reservoir C in season t

Releases from Reservoir D in season t

Inflows in Reservoir B in season t

Inflows in Reservoir D in season t

Water diverted to Irrigation B in season t
Water diverted to Irrigation C in season t
Water diverted to Irrigation D in season t
evaporation coefficient of Reservoir A in season
evaporation coefficient of Reservoir B in season
evaporation coefficient of Reservoir C in season
evaporation coefficient of Reservoir D in season
Inflows of the left branch of the river in
season t
Inflows of
season t
Inflows of
season t
Water that return to
Irrigation B

Water that return to
Irrigation C

Water that return to
Irrigation D

the center branch of the river in

the right branch of the river in

the river in season t from
the river in season t from

the river in season t from

water losses in Irrigation B channels
water losses in Irrigation C channels
water losses in Irrigation D channels
irrigation water demands in season t (t = 1,2)
water non consumed in season ! (1 = {,2) that

(t = 1,2,3)

o+ b o+t
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3 : water consumed by crops

Hp : head of Plant A

He : head of Plant C

Sa : efficiency of Plant A

sc : efficiency of Plant C

Ky : number of seconds in season t

hy : number of hours in season t (t = 1,2, 3)

1f : load factor

u : factor of utilization

TRy : Flow of the Transfer in season t (t = t,2, 3)
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CosTS
{1eb g)
18
Fized Variadle

ed ¢)  yed gdys)

TMARSFIR {.54 B

1 2 »
TRARSFER SIIL (0/3)

FIGURE A-4: Construction costs of the transfer

136



APPENDIX B

137



TABLE B-1: Frobabilities of the 243 elements of the
uncertarn parameter vector 6
DISCOUNT RATE: i+ WATER REQUIREMEXTS = -50 1 ! MWATER REQUIREMENTS = even | WATER REQUIREXENTS = +50 I

g

B l :::::::::::33::::::::::"2"' XSS TS SR ST S S S IR S S IS SRS S SIS SIS IS S ST IS I I ISR SXIRES
VEL.Pr.=10 E1.Pr.=20 €1.Pr.=301€1.Pr,=10 €E1.Pr.=20 E1.Pr.=301E1.Pr.=10 E1.Pr,=20 El.Pr.=30
CONSTR. 1Agr.Pr.=30! 0.3751  0.6001 0.5251: 0.375T  0.4001  0.5251: 0.37ST  0.6007 0,5251
C0STS= iAqr.Pr.=40! 0.5001  0.8001 0.7001: 0.5001  0.8001 0.7001: 0.5001  0.8001 0.7001
-25 1 ‘Agr.Pr.=50! 0.3751  0.b001 0.5251: 0.3751  0.4007 0.5251: 0.3751  0.600T  0.5251
CONSTR. (Agr.Pr.=30! 0.2621  0.4201 0.3671:  0.2621  0.4201 0.3671: 0.2621  0.4201  0.3b71
COSTS= {Agr.Pr.=40: 0.3501  0.5601 0.4901:  0.3501  0.5601 0.4901: 0.3501  0.5601 0.4901
even iAgr.Pr.=50} 0.2621  0.4201  0.3671i  0.2621  0.4201 0.3671¢ 0.2627  0.4207 0.3471
CONSTR. iAgr.Pr.=30: 0.1121  0.1801  0.1571  0.1127  0.1801  0Q.1571: 0.1121  0.1801 0.1571
COSTS= iAgr.Pr.=40} 0.1501  0.2401 0.2101:  0.1502  0.2401 0.2101: 0.1507  0.2401 0.2101
425 1 tAgr.Pr.=50; 0.1121  0.1801  0.I571:  0.1121  0.1801 0.1S71! 0.1121  0.1802 0.1571
DISCOUNT RATE: i NATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 I
101 H == =z 2 - s
\E1.Pr.=10 E1.Pr.=20 E1.Pr.=30:E1.Pr.=10 E}.Pr,220 €1.Pr.=30iE1.Pr.=10 El.Pr.=20 El.Pr.=30
CONSTR. !Agr.Pr.=30! 0.4252 1.0001 0.8751F  0,6251  1.0001 0.B7Sl! 0.6251  1.000T 0.8751
COSTS= iAgr.Pr,=40! 0.8331 1.3331 L1671 0.8331  1.3331 L.1671} 0.8331  1.3331  1.1671
-25 1 iAgr.Pr.=50} 0.4251  1.0001 0.87S1 0.6251  1.0001  0.8751! 0.4251  1.0001 0.8751
CONSTR. iAgr.Pr.=30: 0.437T7  0.7001 0.4121%  0.4371  0.7001 0.6121! 0.4377  0.7001 0.5121
JC0STS= iAgr.Pr.=40! 0.5837  0.9331 0.8171  0.5831  0.9331 0.8I71! 0.5831  0.9331 0.8171
even iAgr.Pr.=50! 0.4371  0.7001 0.6121} 0.4371  0.7001  0.4121) 0.4371  0.700T 0.4121
CONSTR. Agr.Pr. =30} 0.1877  0.3001 0.2621}  O0.1B71  0.3001. 0.2621: 0.1871  0.3001 0.2621
JCOSTS= Agr.Pr,=40! 0.2501  0.4001 0.3501:  0.2507  0.4001 0.3501! 0.2501  0.400X 0.3501
+25 1 lAgr.Pr.=50! 0.1871  0.3001 0.2621: 0.1877  0.3001  0.2621: 0.1871  0.3007 0.2621
DISCOUNT RATE: 1 WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | MWATER REQUIREMENTS = +50 1
l2 z :::::::::::::::::::::::::::::::::I::::::::::::::::::::::::::::::::::::::::::::::::::::::::
\E1.Pr.=10 E].Pr.=20 E1.Pr.=30:E1.Pr.=10 £1.Pr,=20 €1.Pr.=301E1.Pr.=10 El.Pr.=20 El.Pr.=30
ONSTR. 1Agr.Pr.=30} 0,2501 0.4001 0.3501: 0.2501 0.4001  0.3501: 0.2501 0.4001 0.3501
C0STS= iAgr.Pr.=400 0.3331 0.5331  0.4671) 0.3331 0.5331  0.44711 0.3331 0.5331  0.4671
-25 1 ‘Agr.Pr.=50! 0,2501 0.4001  0.3501! 0.2501 0.4001  0.3501! 0.2501 0.4001  0.3501
CONSTR. JAQr.Pr.=30: 0.1751 0.2801  0.2451: 0.1751 0.2801  0.24SI: 0.1751 0.2801  0.2451
Jcosis= Agr.Pr.=40! 0.2331 0.3731  0.3271: 0.2331 0.3731  0.3271: 0.2331 0.3731  0.3271
even 1Agr.Pr,=50! 0.1751 0,2807  0.2451: 0.1751 0.2801  0.245I: 0.173 0.2801  0.2451
CONSTR. Agr.Pr.=30} 0.0751 0.1207  0.10S1: 0.0751 0.1201  0.1031: 0.0751 0,120 0.1051
COSTS= 1Agr.Pr,=40. 0,100 0.1601  0.1401) 0.1001 0.160% 0. 14011 0.100 0,1607  0.1401
425 1 lAgr.Pr,=S01 0.0751 0.120T  0,1031: 0.0751 0.1201  0.10S%. 0.0751 0,120  0.105Y

Y
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TABLE B-2: Optimal si1zes of Dam A

DISCOUNT RATE: ! WATER REQUIREMENTS = -50 1 | MATER REQUIRERENTS = even | WATER REQUIREMENTS = +50 I

8 1 {T=3==z=I=SoSSIEsIS ETXIII3ESXIISTIISS IS ITEEIIZITSTEISSSISSSIEIISIISCIIISSISIZSE3IZIIIIZIzz==

CONSTR. 1Agr.Pr.=301 0.84 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
C0STS= 1Agr.Pr.=40! 0.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=30: 0.00 0.900 0.00 0.00 0.00 0.00 0.00 0.00 0.00

-25 1 ‘Agr.Pr,

0.00 0.00 0.00
0.00 0.00 0,00
0.00 0.00 0.00

CONSTR. tAgr.Pr,=30! 0.00 0.00 0.00
COSTS= iAgr.Pr.=40; 0.84 0.84 0.00
even 1Agr.Pr.=30; 0.84 0.84 0.84

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

t L

CONSTR. tAgr.Pr.=30! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
COSTS= iAgr.Pr.=40: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
+25 1 iAqr.Pr.=50! 0.8¢4 0.84 0.84 0.00 0.00 0.00 0.00 0.00 0.00

DISCOUNT RATE:
101

WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even ! WATER REQUIREMENTS = +30 1

El.Pr.=10 El.Pr.=20 EL.Pr.=30!E1.Pr.=10 El.Pr.=20 El.Pr.=30{El.Pr.=10 E1.Pr.=20 El.Pr.=30§

CONSTR. iAgr.Pr.=30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C0STS= iAqgr.Pr.=40 0.84 0.84 0.84 0.00 0.00 0.00 0.00 0.00 0.00
-25 1 lAgr.Pr.=50 0.84 0.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CONSTR. i Agr.Pr.=30
COSTS= iAqr.Pr.=40
even 1Agr.Pr.=50

0.00 0.00 0.00
0.00 0.00 0.00
0.84 0.84 0.84

0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 .00 0.00 0.00 0.00

CONSTR. iAgr.Pr.=30
C0STS= iAgr.Pr.=40
+25 1 1Agr.Pr.=50

0.00 0.00 0.00
0.00 0.00 0.00
0.00 .00 0.00

0.00 0.00 0.00
0.00 0.00 0.0
0.00 0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00

oo
888

0.00 0.00 0.00 : 0.00 0.00 0.00

DISCOUNT RATE: ! WATER REQUIREMENTS = -50 I ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 1

121 !=z=z=z2zszzsssoossITsosIoSSSSSITISSISSSSISSSISSSSSSSSSSSISISIISISISIISSIISISITISSISISIIISEES
El.Pr.=10 El.Pr.=20 E1.Pr.=30!El.Pr.=10 E1.Pr.=20 E1.Pr.=30{El.Pr.=10 El.Pr.=20 E1.Pr.=30

CONSTR. (Agr.Pr.=30 0.00 0.00 0.00 0.00 0.00 0.00 ? 0.00 0.00 0.00
COSTS= iAgr.Pr.=40 0.84 0.00 0.00 0.00 0.00 0.00 & 0.00 0.00 0.00
=25 1 iAgr.Pr.=50 0.84 0.84 0.84 0.00 0.00 0.00 & 0.00 0.00 0.00

CONSTR. 1Agr.Pr.=30
COSTS= iAgr.Pr.=40
even iAgr.Pr.=50

0.00 0.00 0.00
0.00 0.00 0.00

CONSTR. iAgr.Pr.=30 0.00 0.00 0.00 . .
C05TS= iAgr.Pr.=40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
425 1 tAgr.Pr.=30 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢ 0.00 0.00
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TABLE B-3:

Optimal

s1z2e8

of Dam B

DISCOUN

"
y

T RATE: ]

WATER REQUIRENENTS =

=30 I | WATER REQUIREMENTS = even

8 1 : SRS SCISZCsIsIE I I IIEE IS I IR ISR I I TR R I X S T E I I I SR S I TS S TSI S SIS S s s s =SSR

El.Pr.=10 £1.Pr.=20 E1.Pr.=30iEl.Pr.=10 E1.Pr.=20 €1.Pr.=30,EL.Pr.=10 El.Pr.=20 El.Pr.=30

i WATER REQUIREMENTS =

+50 1

CONSTR. iAgr.Pr.=30: 0.00 0.84 0.84 ! 0.84 0.8¢4 0.84 ) 0.84 0.84 0.84
COSTS= iAgr.Pr.=40: 0.00 0.84 0.84 ¢ 0.84 0.84 0.84 ! 0.84 0.84 0.84
-25 1 iAgr.Pr.=50! 0.84 0.84 0.84 | 0.8¢4 0.84 0.84 } 0.84 0.84 0.84
JCONSTR. i Agr.Pr.=30: 0.84 0.84 0.84 | 0.84 0.84 0.84 ! 0.84 0.84 0.84
COSTS= iAgr.Pr.=40} 0.00 0.00 0.84 | 0.84 0.84 0,84 ! 0.84 0.84 0.84
even 1Agr.Pr,=50! 0.00 0.00 0.00 ! 0.84 0.84 0.84 ; 0.84 0.84 0.84
1CORSTR.:Rqr.Pr.=30: 0.84 .84 0.84 | 0.84 0.84 0.84 ) 0.84 0.84 0.84
COSTS= iAgr.Pr.=40} 0.84 0.84 0.84 | 0.84 0.84 0.84 | 0.84 0.84 0.84
425 1 tAgr.Pr.=50: 0.00 0.00 0.00 ¢ 0.84 0.84 0.84 | 0.84 0.8¢4 0.84
DISCOUNT RATE: i WATER REQUIREMENTS = -50 I ) WATER REQUIREMENTS = even : WATER REQUIREMENTS = +50 I
101 y===x == SszrTITICIIEEISISISISSINSISSTIITSISsIsSsIsss
{El.Pr.=10 €1.Pr.=20 El.Pr.=301El.Pr.=10 £1,Pr.=20 E1.Pr.=30IEl.Pr.=10 E1.Pr.=20 El.Pr.=30
CONSTR. }Agr.Pr.=30! 0.84 0.84 0.84 | c.84 0.84 0.84 0.84 0.84 0.84
§COSTS= 1Aqr.Pr,=40! 0.00 0.00 0.00 ¢ 0.84 0.84 0.84 @ 0.84 0.84 0.84
-25 1 iAgr.Pr.=50! 0.00 0.00 0.84 1 0.84 0.84 0.84 | 0.84 0.84 0.84
CONSTR. !Agr.Pr.=30} 0.84 0.84 0.84 } 0.84 0.84 0.84 ! 0.84 0.84 0.00
COSTS= Agr.Pr.=40} 0.84 0.84 0.84 | 0.84 0.84 0.84 | 0.84 0.84 0.84
even (Agr.Pr.=50! 0.00 0.00 0.00 ¢ 0.84 0.84 0.84 @ 0.84 0.84 0.84
CONSTR. iAgr.Pr.=30: 0.84 0.84 0.84 ! 0.84 0.84 0.84 ! 0.84 0.84 0.84
0STS= !Agr.Pr.=40! 0.84 0.84 0.84 : 0.84 0.84 - 0.84 0.84 0.84 0.84
425 1 JAgr.Pr.=50. 0.84 0.84 0.84 } 0.84 0.84 0.84 © 0.84 0.84 0.84
JOISCOUNT RATE: i WATER REQUIREMENTS = -30 1 | WATER REQUIREMENTS = even | WATER REQUIREMENTS = 450 I

121 e o R e e S e Y S PP PP P ]
‘E1.Pr.=10 E1.Pr.=20 E1.Pr.=30E1.Pr.=10 E1.Pr.=20 E1.Pr,=30!El.Pr.=10 €1.Pr.=20 El.Pr.=30

CONSTR. iAgr.Pr.=30! 0.84 0.84 0.84 ! 0.84 0.84 0.84 1 0.84 0.84 0.84
C0STS= iAgr.Pr.=40! 0.00 0.84 0.84 1 0.84 0.84 0.84 : 0.84 0.84 0.84
-25 1 tAgr.Pr.=50: 0.00 0.00 0.00 : 0.84 0.84 0.84 ¢ 0.84 0.84 0.84
ICONSTR. 1Agr.Pr. =301 0.84 0.84 0.84 : 0.84 0.8¢ 0.84 % 0.84 0.84 0.84
CO5TS= iAgr.Pr.=40: 0.84 0.84 0.84 : 0.84 0.84 0.84 3 0.84 0.84 0.84
even iAgr.Pr.=30! 0.00 0.84 0.84 ¢ 0.84 0.84 0.84 1 0.84 0.84 0.84
CONSTR. (Agr.Pr.=30! 0.84 0.84 0.84 § 0.84 0.84 0.84 ¢ 0.00 0.00 0.00
0STS= ;Agr.Pr.=40! 0.84 0.84 0.84 1 0.84 0.84 0.84 ! 0.84 0.84 0.84
425 1 iAqr.Pr.=50! 0.84 0.84 0.84 1 0.84 0.84 0.84 ! 0.84 0.84 0.84
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TABLE B-4: Optimal si1zes of Dam C

DISCOUNT RATE: ! WATER REQUIRENENTS = -50 1 ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = 30 1
81 H

425 1 iAgr.Pr.=50! 1.0

CONSTR. iAgr.Pr.=30! 0.00 0.00 : 1,05 0.00 ! 1.05 0.00 0.00
C0STS= iAgr.Pr.=40! 0.00 0.00 ! . 0.00 0.00 : 1.05 1.05 0.00
=25 1 1Agr.Pr,=50! 0.00 0.00 ! . 0.00 0.00 ! 1.05 1.05 0.00
CONSTR. }Agr.Pr.=30! . 1. 0.00 | 1.05 {.05 0.00 ! 1.05 0.00 0.00
COSTS= iAgr.Pr.=40! 1.05 1.05 0.00 ! . 1.0 0.00 ¢ 1.05 1.05 0.00
even 1Agr.Pr.=50! 1,05 1,05 0.00 : . . 0.00 : 1.05 1.05 0.00
CONSTR. i Agr.Pr.=30! . .05 1.05 0 . . 0.00 § 0.00 0.00 0.00
COSTS= iAgr.Pr.=40: 1.05 1.05 0.00 : . . 1,05 ¢ 1.05 0.00 0.00
. 0.00 ! . 1.05 ¢ 1.05 1.05 0.00

DISCOUNT RATE: \ WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even ! WATER REQUIREMENTS = +50 1
101 : z zz33323

El.Pr.=10 €1.Pr.=20 E1.Pr.=30/E1.Pr.=10 E1.Pr.=20 €1.Pr.=30:E1.Pr.=10 E1.Pr.=20 £1.Pr.=30}

CONSTR. iAgr.Pr.=30! 1.05 1.05 0.00 ¢ .05 . 0.00 ! 1.035 0.00 0.00
JCOSTS= iAgr.Pr.=40; 1.05 1.05 0.00 @ . 0.00 | . 1.05 0.00
=25 1 iAgr.Pr.=50! 1.05 1.05 0.00 : . . 0.00 ¢ 1.05 1.05 0.00
CONSTR. 1Agr.Pr.=30! {.05 1.05 1.05 ! 1.05 0.00 ! 0.00 0.00 0.00
JCOSTS= iAgr.Pr.=40: 1.05 1.05 0.00 | .05 . 1.05 8 .05 0.00 0.00
even IAgr.Pr.=50! 1,05 .05 0.00 | 1.05 . 1.05 ! 1.03 1.05 0.00
CONSTR. {Agr.Pr.=30! 1.05 1.05 1.05 ¢ 1.05 0.00 0.00 ! 0.00 .00 0.00
C0STS= iAgr.Pr.=40: £.05 1.05 1.05 8 1.05 1.05 1.05 ¢ 0.00 9.00 0.00
+25 1 iAgr.Pr.=50; 1,03 L. 1.05 10 1.05 .05 1.05 1 1.05 1.05 0.00

DISCOUNT RATE: i WATER REQUIREMENTS = -50 1 ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 I
121 t1===zs=zzz==sc ===z Tz==sz=z=z TEIIESSTIIIITIIISISISIIIISISIISSSISISIIIsIzssasacs

1E1.Pr.=10 E1.Pr.=20 E1.Pr.=301E1.Pr.=10 E1.Pr.=20 E1.Pr.=30:E1.Pr.=10 E1.Pr.=20 El.Pr.=30

CONSTR. 1 Agr.Pr.=30! 1.05 .05 0.00 ! . 0.00 | 0.00 0.00 0.00
JCOSTS= iAgr.Pr.=40: 1.05 1.05 0.00 ! . 1.05 4 1.03 1.05 0.00
=25 1 'Agr.Pr.=50: 1.05 1.05 0.00 ! . 0.00 : 1.05 1.0 1.0S
CONSTR. {Agr.Pr.=30! . 1,03 1.05 1 0.00 0.00 ¢ 0.00 0.00 0.00
C0STS= iAgr.Pr.=40} { 1.05 1.05 1 1.05 1.05 © 0.00 0.00 0.00
even Agr.Pr,=50! 1.05 1,05 3 1.05 1.05 ¢ 1.035 1.05 0.00
CONSTR. |Agr.Pr,=30: 1.0 .03 1.03 4 0.00 0.00 ! 0.00 0.00 0.00
COSTS= (Aqr.Pr.=40! 1.05 1.05 1.05 ¢ 1.05 . 0.00 ! 0.00 0.00 0.00
+23 1 'Agr.Pr.=50: 1.05 .05 1,051 1.035 1.05 3 0.00 0.00 0.00
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TABLE B-5:

Optimal si1zes

of Dam D

IDISCUUNT RATE: i WATER REQUIRENENTS = -50 1 ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = ¢50 1
B1 {zzszzzzssszsssszzsasszzssass 2TEITIITTTITTITIITTTISTITITIZISTTSISITSEIIxTTZexTszroosacrrrros
iE1.Pr.=10 EL1.Pr.=20 E1.Pr.=30:€1.Pr.=10 E1.Pr.=20 El.Pr.=30/E1.Pr.=10 E1.Pr.=20 £1.Pr.=30
ONSTR. tAgr.Pr.=30} 0.2 1.23 1.23 8 0.00 . 1,231 0.00 0.00 0.00
C0STS= iAgr.Pr.=40. 0.2 22 .22 0.00 1.23 1 0.00 0.00 1.23
=25 1 }Agr.Pr,=50! 0.2 1.22 .22 0.21 . 1231 0.00 0.00 1.23
JCOKSTR. i Agr.Pr.=30! 0.00 0.00 1.23 ¢ 0.00 0.00 0.00 1 0.00 0.00 0.00
COSTS= iAgr.Pr.=40! 0.24 0.21 1,234 0.00 0.00 .23 0.00 0.00 0.00
even Agr.Pr.=50! 0.21 0.2t 1,234 0.00 0.00 £.23 1 0.00 0.00 1.23
CONSTR. 1Agr.Pr.=30: 0.00 0.00 0.00 @ 0.00 0.00 0.00 ! 0.00 0.00 0.00
C0STS= iAgr.Pr.=40; 0.00 0.00 1,234 0.00 9.00 0.00 | 0.00 0.00 0.00
425 1 iAgr.Pr.=50! 0.21 0.21 1.23 0.00 0.00 0.00 ! 0.00 0.00 0.00
DISCOUNT RATE: + WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIREMENTS = 430 1
101 i === sz3==ssssssssass
iE1.Pr.=10 E1.Pr.=20 E1.Pr.=301El.Pr.=10 £1.Pr,=20 E1.Pr.=30:El.Pr.=10 El.Pr.=20 El.Pr.=30§
CONSTR. 1Agr.Pr.=30: 0.00 0.00 230 0.00 0.00 230 0.00 0.00 0.00
COSTS= 1Agr.Pr.=40: 0.21 0.21 L2300 0.00 0.00 2230 0.00 0.00 0.00
-25 1 lAgr.Pr.=50: 0.21 0.21 1.22 4 0.00 0.00 : 0.00 0.00 1.23
CONSTR. [Agr.Pr.=30: 0.00 0.00 : 0.00 0.00 0.00 @ 6.00 0.00 0.00
COSTS= !Agr.Pr.=40; 0.00 0.00 i 0.00 0.00 0.00 ! .00 0.00 0.00
even 1Agr.Pr.=50: 0.21 0.21 : 0.00 0.00 0.00 : 0.00 0.00 0.00
CONSTR. iAgr.Pr.=30. 0.00 0.00 0.00 @ 0.00 0.00 0.00 @ 0.00 0.00 0.00
!COSTS= {Agr.Pr, =40, 0.00 0.00 0.00 : 0.00 0.00 0.00 ! 0.00 0.00 0.00
+25 1 iAgr.Pr.=50: 0.00 0.00 0.00 ! 0.00 0.00 0.00 : 0.00 0.00 0.00
DISCOUNT RATE: | WATER REQUIREMENTS = -50 I | WATER REQUIREMENTS = even : WATER REQUIREMENTS = 450 1
12 1 1STSEISISITISECSISTISSIEITSISSISSISIRSIISISSSTISSIIISISSISISIISEIISIISISSSIISISsRssIsIzzsIss
'E1.Pr.=10 E1.Pr.=20 El.Pr.=30:E1.Pr.=10 E1.Pr.=20 El.Pr.=30{El.Pr.=10 €1.Pr.=20 E1.Pr.=30
CONSTR. 1Agr.Pr.=30: 0.00 0.00 1.23 % 0.00 0.00 0.00 : 0.00 0.00 0.00
COSTS= iAgr.Pr.=40: 0.21 0.21 1.23 8 0.00 8.00 0.00 ¢ 0.00 0.00 6.00
-25 1 Agr.Pr.=50: 0.21 0.2 1.23 ¢ 0.00 0.00 L2334 0.00 0.00 0.00
CONSTR. 1Agr.Pr.=30: 0.00 0.00 0.00 : 0,00 0.00 0.00 ¢ 0.00 0.00 0.00
C0STS= 1Agr.Pr.=40: 0.00 0.00 0.00 : 0.00 0.00 0.00 ! 0.00 0.00 0.00
even 1Agr.Pr.=50: 0.21 0.2t 0.21 ! 0.00 0.00 0.00 1 0.00 0.00 0.00
CONSTR. Agr.Pr.=30" 0.00 0.00 0.00 ¢ 0.00 0.00 0.00 ! 0.00 0.00 0.00
C0STS= iAgr.Pr.=40. 0.00 0.00 0.00 i, 0,00 0.00 0.00 ! 0.00 0.00 0.00
425 1 1Agr.Pr.=50: 0.00 0.00 0.00 : 0.00 0.00 0.00 & 0.00 0.00 0.00
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TABLE

B-6:

Optimal si1zes of Irrigation B
DISCOUNT RATE: | WATER REQUIREKMENTS = -50 1 | MATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 1
8 z :::::::::::::::::::::::::=:::x::.:::::-::::::::::::::::xx::::::::=:::::::::::x:::::::::x::g
‘€1.Pr.=10 €1.Pr.=20 E1.Pr.=30/EL.Pr.=10 E1.Pr.=20 E1.Pr.=30i€1.Pr. =10 E1.Pr.=20 E1.Pr.=30
CONSTR. ‘Agr.Pr,=30: 16.75 16.55 16.55 ¢ 16.35 18.55 16.95 14.5S 16.55 16,53
COSTS= 1Agr.Pr.=40! 16.75 27.88 27.88 & 16.55 18.55 16.55 & 14.55 16.35 16.53
=23 1 Agr.Pr.=50! 27.88 27.88 27.88 | 16.55 18.35 16.53 & 14.55 16.53 14,53
CONSTR. tAgr.Pr,=30! 16.55 16.55 16,35 & 16.33 16.55 16.93 ! 14,53 15.5% 16.59
JCOSTS= iAgr.Pr.=40! 16.75 16.73 16,55 | 16.55 16.35 16.55 & 16.35 18.355 18.55
even Agr.Pr.=50! 18,75 16,73 16.75 4 14,55 18.55 16.53 16.93 16.55 16.53
CONSTR. tAgr.Pr,=30! 16.55 18.55 16,55 ! 16,55 16.55 16.55 | 16.35 14,35 16.33
C0STS= iAgr.Pr.=40! 16.55 16,33 16.59 | 16.55 16.53 16.55 1§ 16.55 16.55 14.55
425 % iAgr.Pr.=50! 16.75 16.73 16.75 | 16.55 16.55 16,35 | 16.55 16.55 16.55
DISCOUNT RATE: ! WATER REQUIREMENTS = -50 I | WATER REQUIREMENTS = even | MATER REQUIREMENTS = 430 Y
10 1 {z=ssszzsszsszassssz=zaz =z
'El.Pr.=10 E1.Pr.=20 El.Pr.=30:E]l.Pr.=10 E1.Pr.=20 El.Pr.=30iELl.Pr.=10 El.Pr.=20 El.Pr.=3{{
JCONSTR, iAgr.Pr.=30! 16,595 16.35 16.533 | 16.55 16.55 16.53 ¢ 16.55 16.55 16.55
C0STS= 1Aqr.Pr.=40] 16.75 16.73 16.75 ¢ 16.53 14.55 16.95 ¢ 16,53 15,55 16,55
-25 1 iAgr.Pr.=50: 16.75 16.75  27.88 ¢ 1b.55 16,55 16,55} 16.53 16,95  16.5%5
ONSTR. tAgr.Pr.=30! 16.55 16.33 16.55 3 16,53 16,55 16.55 16.93 16.55 0.00
0STS= iAgr.Pr.=40; 18,53 16,53 16,35 ¢ 16,53 16.35 16.55 ¢ 16,353 16.55 16.59
even 1Agr.Pr.=50! 18.75 16.75 16,75 4 16,35 16.55 16,55 ! 16.55 16.53 16.53
ONSTR. iAgr.Pr.=30: 16.55 16.95 16,55 1 16,55 16.53 16.55 | 16.55 16.55 16.35
COSTS= 1Agr.Pr.=40! 16.35 16.55 16,55 1 16.35 16.55 16.55 1 14,55 16.55 16.53
+25 T iAgr.Pr.=50: 16.35 16.55 16.55 | 14.55 14.55 16.55 ¢ 16,55 16.35 16.33
IDISCOUNT RATE: ! WATER REQUIREMENTS = -S0 I ! WATER REQUIREMENTS = even | KATER REQUIREMENIS = +30 1
12 Z ::::::::::::::::::::::::::::::::::::: .... 3= =TS SZSTTZSSsssssSsz==T z=zzzzzzsS=x
'E}.Pr.=10 €1.Pr.=20 E1.Pr.=30!E1.Pr.=10 E1.Pr.=20 €1.Pr.=30'E1.Pr.=10 E1.Pr.=20 E}.Pr.=30
JCUNSTR.!Agr.Pr.=30: 16.55 16,55 16.55 1§ 14,55 14.33 14.55 4 16.55 16.55 16.55
COSTS= Agr.Pr.=40: 16.75 16.55 16,55 16.5% 16.55 16.55 | 16.55 16.55 16,53
-25 1 ‘Agr.Pr.=50! 16.75 18.75 16,75 1 16.358 16.55 16.55 ) 16.53 16.55 16,55
ICONSTR. 1Agr.Pr.=20! 16.55 16.55 18,59 1 16,595 14.55 16.55 % 18.55 16,935 16.5%
C0STS= iAgr.Pr.=40: 16.95 16.55 16.55 | 16.55 16.35 16.55 ¢ 16.59 16,55 16.55
even Agr.Pr.=301 16.73 16.55 16,55 | 16,55 16,53 16.55 16.55 18.55 16.53
CONSTR. 1Agr.Pr.=30: 16.55 16.59 16,95 1§ 16.55 14.55 16.85 1 0.00 0.00 0.00
COSTS= iAgr.Pr.=40: 16.55 16.55 16.55 16.55 16.95 16.55 ) 14.55 16.55 16.53
#25 1 iAgr.Pr.=50. 16,55 16,55 16.55 | 16.95 16.55 16.55 | 16.53 16.93 16,33
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TABLE B-T: Optimal si1zes of Irrigation C

DISCOUNT RATE: i WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even ' WATER REQUIREMENTS = 450 1

81 t===z=szs==ssszzssssssrsrIsssosscsssszzsTsssszsxsxssssszasos Z=z==zz=z==z=z=: TxEES=zTT=z3z==ss

CONSTR. |Agr.Pr.=30 19.66 0.00 0.00 18.47 18.47 0.00 18.47 0.00 0.00
C0STS= iAgr.Pr.=40 19.66 0.00 0.00 18.47 0.00 0.00 18.47 18.47 0.00
=25 1 Agr.Pr.=50 19.66 0.00 0.00 19.66 0.00 0.00 18.47 18.47 0.00
CONSTR. }Agr.Pr.=30 18.47 18.47 0.00 18.47 18.47 0.00 18.47 0.00 0.00
C0STS= iAgr.Pr.=40

even (Agr.Pr.=50 19.66 19.66 0.00 18.47 18.47 0.00 18.47 18.47 0.00

1

CONSTR. tAgr.Pr.=30
COSTS= iAqr.Pr.=40
+25 1 Agr.Pr.=50

18.47 18.47 18,47
18.47 18.47 0.00
19.486 19.86 0.00

18.47 18.47 0.00
18.47 18.47  18.47
18.47 18.47 18.47

0.00 0.00 0.00
18.47 0.00 0.00

: 19.66 19.66 0.00 ! 18.47 18.47 0.00 : 18.47 18.47 0.00
: : ' 18.47 18.47 0.00

DISCOUNT RATE: . WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even ! WATER REQUIREMENTS = +50 1
101 :

El.Pr.=10 E1.Pr.=20 E1.Pr,=30:E1.Pr.=10 El.Pr.=20 El.Pr.=30

1
1

CONSTR. iAgr.Pr.=30! 18.47 18.47 0.00
COSTS= lAgr.Pr.=40: 19.66 19. 86 0.00
~25 1 iAgr.Pr.=50! 19.66 19.66 0.00

1El.Pr.=10 E1.Pr.=20 El.Pr.=30

18.47 18.47 0.00
18.47 18.47 0.00
18.47 18.47 0.00

18.47 0.00 0.00
18.47 18.47 0.00
18.47 18.47 0.00

CONSTR. 1Agr.Pr.=30! 18.47 18.47 18,47 1  18.47 18.47 0.00

0.00 0.00 0.00
18.47 0.00 0.00
18.47 18.47 0.00

COSTS= iAgr.Pr.=40! 18.47 18.47 0.00 18.47 18.47 18.47
even AgQr.Pr.=50! 19.66 19.66 0.00 18.47 18.47  18.87

e P T R P DU ————

+ +

CONSTR. 'Agr.Pr.=30! 18.47 18.47  18.47
C0STS= 1Agr.Pr.=40! 18.47 18.47  18.47
+25 1 1Agr.Pr.=50! 18.47 18.47  1B.47

] ]

18.47 0.00 0.00
18.47 i8.47 18.47
18.47 18.47  18.47

0.00 0.00 0.00
0.00 0.00 0.00
18.47 18.47 0.00

DISCOUNT RATE: i WATER REQUIREMENTS = -50 I | WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 I
121 :

El.Pr.=10 E1.Pr.=20 El.Pr.=30

CONSTR. 1Agr.Pr.=30: 18.47 18.47 0.00 18.47 18.47 0.00 0.00 0.00 0.00
C0S7S= iAgr.Pr.=40! 19.68 19.66 0.00 18.47 18.47 18.47 18.47 18.47 0.00

=25 1 tAgr.Pr.=50! 19.66 19.66 0.00 18.47 18.47 0.00 18.47 18.47 18.47
CONSTR. iAgr.Pr.= 18.47 18.47  18.47 18.47 0.00 0.00 0.00 0.00 0.00

30
C0STS= ‘Agr.Pr.=40
even 1Agr.Pr.=50

CONSTR. [Agr.Pr.=10 18.47 18.47 18.47 0.00 0.00 0.00 0.00 0.00 0.00
C0S15= iAgr.Pr.=40 18.47 18.47 18.47 18.47 18.47 0.00 0.00 0.00 0.90
+25 1 1Agr.Pr.=50 18.47 18.47 18.47 18.47 18.47 1e.47 0.00 0.00 0.00
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TABLE B-8: Optimal s1zes of Irrigation D
DISCOUXT RATE: ! WATER REQUIREMENTS = -50 1 ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 1
8 Z :::::::::::::::::::::::::::::::::::::::::::::::::::::::::===:::::::::::2::::::::::::::::::
VE1.Pr.=10 ELl.Pr.=20 E1.Pr.=300E1.Pr.=10 E1.Pr.=20 El.Pr.=30)E1.Pr.=10 El.Pr.=20 El.Pr.=304
CONSTR. iAgr.Pr.=30. 1.65 20.67 20.467 1 0.00 0.00 20.67 0.00 0.00 0.00
COSTS= [Agr.Pr.=40. .85 20.84 20.84 . 0.00 20.67 20,67 0.00 0.00 20.67
-25 1 Agr.Pr.=50} 1.72 20.84 20.84 1.35 20.67 20,67 ¢ 0.00 0.00 20,67
JCONSTR. tAgr.Pr.=30% 0.00 0.00 20,67 | 0.00 0.00 0.00 : 0.00 0.00 0.00
COSTS= iAgr.Pr.=40; 1.65 .65 20.67 0.00 0.00 20.67 ! 0.00 0.00 0.00
even Aqr.Pr.=50. 1,43 {.65 20.77 0.00 0.00 20.67 0.00 0.00 20.467
CONSTR. iAgr.Pr,=30! 0.00 0.00 0.00 ¢ 0.00 0.00 0.00 ! 0.00 0.00 0.00
COSTS= iAgr.Pr.=40: 0.00 0.00 20,67 & 0.00 0.00 0.00 | 0.00 0.00 0.00
+25 1 iAgr.Pr.=50; 1,465 1.63 20.77 0.00 0.00 0.00 ! 0.00 0.00 0.00
DISCOUNT RATE: { MATER REQUIREMENTS = -50 I i WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 I
102 tz== ==z zzez zz
E1.Pr.=10 E1.Pr.=20 El.Pr.=30iE1.Pr.=10 E1.Pr.=20 E1.Pr.=30iEl.Pr,=10 E1.Pr.=20 El.Pr.=30
CONSTR. 1Agr.Pr,=30: 0.00 0.00 20.67 0.00 0.00 20.67 ! 0.00 0.00 0.00
JC0STS= iAgr.Pr.=40. 1.65 1.635 20,77 ¢.00 0.00 20.487 | 0.00 0.00 0.00
-25 1 'Agr.Pr.=50! .65 £.65 20.84 0.00 0.00 20.467 | 0.00 0.00 20.67
CONSTR. {Agr.Pr.=30! 0.00 0.00 0.00 ! 0.00 0.00 0.00 ! 0.00 0.00 0.00
C0STS= 1Agr.Pr.=40: 0.00 0.00 20,67 4 0.00 0.00 0.00 0.00 0.00 0.00
gven iAgr.Pr.=50: 1.83 1.65 20,77 ¢ 0.00 0.00 0.00 ! 0.00 0.00 0.00
CONSTR. Agr.Pr.=30: 0.00 0.00 0.00 ! 0.00 0.00 0.00 ! 0.00 0.00 0.00
COSTS= iAgr.Pr.=40: 0.00 0.00 0.00 | 0.00 0.00 0.00 @ 0.00 0.00 0.00
+25 1 \Agr.Pr.=50. 0.00 0.00 0.00 . 0.00 0.00 0.00 : 0.00 0.00 0.00
FDISEOUNT RATE: ! WATER REQUIREMENTS = ~50 I | WATER REQUIREMENTS = even | XATER REQUIREMENTS = +50 1
12 z ::::::::::::=:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(El.Pr.=10 E1.Pr.=20 El.Pr.=30iE1.Pr.=10 El.Pr.=20 El.Pr.=30 E1.Pr.=10 EL1.Pr.=20 E1.Pr.=30
CONSTR. 1Agr . Pr. =301 0.00 0.00 20.67 ! 0.00 0.00 0.00 ! 0.00 0.00 0.00
C0STS= 1Agr.Pr.=40) 1,63 .99 20.67 1 0.00 0.00 0.00 0.00 0.00 0.00
-25 1 tAgr.Pr.=50: 1.65 1.65 20.77 1 0.00 0.00 20.67 ¢ 0.00 0.00 0.00
_ONSTR, 1Agr.Pr.=30: 0.00 0.00 0.00 | 0.00 0.00 0.00 ! 0.00 0.00 0.00
0STS= tAgr.Pr.=40! 0.00 0.00 0.00 : 0.00 0.00 0.00 ! 0.00 0.00 0.00
even 1Agr.Pr.=50. 1,65 1.95 1.55 1 0.00 0.00 0.00 0.00 0.00 6.00
JCONSTR. tAgr.Pr.=30! 0.00 0.00 0.00 ! 0.00 0.00 0.00 ! 0.00 0.00 0.00
C0S1S= Agr.Pr,=40: 0.00 0.00 0.00 0.00 0.00 0.00 ! 0.00 0.00 0.0
425 1 ‘Agr.Pr.=50. 0.00 0.00 0.00 4 0.00 0.0 .00 ¢ 0.00 0.00 0.00
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TABLE B-9: Optimal sizes of hydropower FPlant A

DISCOUNT RATE: WATER REQUIREMENTS = -50 1 ! WATER REQUIRENENTS = even | WATER REQUIREMENTS = +50 1
81 | TE3I333I3333333TIrzsIIIIIIEsSsazssszsszsraizssssassTszzssssascasssssssssozssssssssossmse

El.Pr.=10 E1.Pr.=20 €1.Pr.=30! El Pr.=10 El.pr. ‘20 El.Pr.=301E1.Pr,=10 E1.Pr,=20 El.Pr.=30

CONSTR. 'Agr.Pr.=30 0.09 0.09 0.09 0.09 0.09 0.09 0.09
COSTS= jAgr.Pr.=40 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
=25 1 iAgr.Pr.=30 0.09 0.09 0.09 0.09 0.09 0.09 0.0% 0.09 0.09

CONSTR. {Agr.Pr.=30! 0.09 0.09 0 0.09 0.09 0.09
COSTS= iAgr.Pr.=40! 0.09 0.09 0.
0

even Agr.Pr.=50! 0.09 0.09

CONSTR, 1Agr.Pr.=30 0.09 0.09 0.0¢
COSTS= iAgr.Pr.=40; 0.0¢% 0.09 0.09

: : 0.09 0.09 0.09
: 0.09 0.09 0.09 1 0.09 0.09 0.09
H 0.09 0.09 0.09 ¢ 0.0¢ 0.09 0.09

0.09 0.09 0.09
0.09 0.09 0.09
0.09 0.09 0.09

0.09 6.09 0.09
0.09 0.0% 0.09

+23 1 tAgr.Pr. 0.09 0.09 0.09 0.09 0.09 0.09

DISCOUNT RATE: ' WATER REQUIREMENTS = -50 1 ! WATER REQUIREMENTS = even ! WATER REQUIREMENTS = +50 I
10 2 y=======s =z==s=zz=s =z=z==

El.Pr.=10 E1.Pr.=20 El.Pr.=30}

CONSTR. iAgr.Pr.=30 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
C0STS= Agr.Pr.=40 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
-5 1 ‘kgr Pr.=50 0.09 0.09 0.09 0.09 0.09 0.09 0.0% 0.09 0.09

CONSTR. ‘Agr.Pr.=
JCOSTS= iAgr.Pr.=
even lAgr.Pr.=

' 0.09 0.09 0.09 ¢ 0.09 0.09 0.09

: 0.09 0.09 0.09
0.09 0.09 0.09 0.09 0.09 0.09 ¢ 0.09 0.09 0.09

0.09 0.09 0.09

0.0% 0.09 0.09 0.0¢ 0.09 0.09

CONSTR, iAgr.Pr.=
C0STS= iAgr.Pr.=
+25 L \Agr.Pr.=

0.09 0.09 0.09
0.09 0.09 0.09
0.09 0.09 0.09

0.09 0.09 0.09 0.09 0.09 0.09
0.09 0.09 0.09

0.09 0.09 0.09

DISCOUNT RATE: i WATER REQUIREMENTS = -30 I | WATER REQUIREMENTS = even ! WATER REQUIREMENTS = 450 X
12 1 $SEIZIIIZITEIEIIEIISIIISISICTIITISIISSITIITISICSTSIISsIEassrossssasssasssssoosssssssssoasss

CONSTR. Agr.Pr.=30 ? 0.09 0.09 0.09
COSTS= IAgr.Pr.=40 0.09 0.09 0.09 0.09 0.09 0.09 ¢ 0.0¢9 0.09 0.09
-25 1 lAgr.Pr.=50 0.09 0.09 0.09 © 0.09 0.09 0.09

CONSTR. tAgr.Pr.=30
C0S1S= iAgr.Pr.=40
even Agr.Pr.=5¢0
CONSTR. i Agr.Pr,=

C0STS= 1Agr.Pr,=
425 1 lAgr.Pr.=
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TABLE B-

10:

Optimal

s1zes of hydropower FPlant C

-

DISCOUNT RATE: H

WATER REQUIREMENTS =

=301

WATER REQUIREMENTS =

even

{ WATER REQUIREMENIS =

+50 1

8 z : P S L P PRt st A R R R Pt P2 P PP P P PP S e S S P F RS P S S S S S ST P PSS P T X I P

consTr. tagr.pr. 230!

El.Pr.=10 E1.Pr.=20 El.Pr.=30

WEl.Pr.=10 €1.Pr,=20 E1.Pr,=301E1.Pr.=10 El.Pr.=20 El.Pr.=30

0.00 0.06 0.06 ! 0.00 0.00 0.06 | 0.00 0.08 0.06
COSTS= 1Agr.Pr.=40. 0.00 0.06 0.06 . 0.00 0.08 0.06 | 0.00 0.00 0.06
-25 1 iAgr.Pr.=50! 0.00 0.06 0.06 1§ 0.00 0.06 0.06 & 0.00 0.00 0.06
CONSTR. {Agr.Pr.=30! 0.00 0.00 0.06 } 0.00 0.00 0.06 © 0.00 0.06 0.06
COSTS= 1Agr.Pr.=40, 0.00 0.00 0.06 ¢ 0.00 0.00 0.06 1 0.00 0.00 0.06
even Agr.Pr,=50: 0.00 0.00 0.06 ! 0.00 0.00 0.06 ! 0.00 0.00 0.06
CONSTR. iAgr.Pr.=30: 0.00 0.00 0.00 © 0.00 0.00 0.06 ¢ 0.00 0.06 0.0
C0S75= 1Agr.Pr.=40: 0.00 0.00 0.06 1 0.00 0.00 0.00 . 0.00 0.06 0.08
+25 1 iAgr.Pr.=50: 0.00 0.00 0.06 ¢ 0.00 0.00 0.00 ¢ 0.00 0.00 0.0
DISCOUNT RATE: t WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 1
101 Isz=zszs=sss=sss=zss == = -
‘E1.Pr.=10 E1.Pr.=20 E1.Pr.=30:€1.Pr.=10 E1.Pr.=20 £1.Pr.=30/E1.Pr.=10 El.Pr.=20 El.Pr.=30ﬁ
CONSTR. tAgr.Pr.=30} 0.00 0.00 0.06 3 0.00 0.00 0.06 1 0.00 0.06 0.06
COSTS= iAgr.Pr.=40: 0.00 0.00 0.06 | 0.00 0.00 0.06 ! 6.00 0.00 0.06
-25 1 {Agr.Pr.=50: 0.00 0.00 0.06 : 0.00 0.00 0.06 0.00 0.00 0.06
CONRSTR. iAgr.Pr.=30, 0.00 0.00 0.00 @ 0.00 0.00 0.06 ! 0.00 0.06 0.10
COSTS= iAgr.Pr,=40: 0.00 0.00 0.06 ! 0.00 0.00 0.00 ! 0.00 0.06 0.08
even Agr.Pr.=50! 0.00 0.00 0.06 ¢ 0.00 0.00 0.00 | 0.00 0.00 0.06
CONSTR. iAgr.Pr.=30} 0.00 0.00 0.00 ¢ 0.00 0.06 0.06 @ 0.00 0.06 0.06
C0STS= 1Agr.Pr.=40. 0.00 0.00 0.00 ! 0.00 0.00 0.00 : 0.00 0.06 0.06
+25 1 iAgr.Pr,=50; 0.00 0.00 0,00 ; 0.00 0.00 0.00 & 0.00 0.00 0.06
DISCOUNT RATE: ! WATER REQUIREMENTS = -50 1 ! WATER REQUIREXENTS = even : WATER REQUIREMENTS = 450 I
121 f2szz=2zzscoIscooTISIsIoISSIITSoISIIEIISSIIISIISIsosTSRsIcITIssIssssEIzsSascasIsIzIsIzIsaas
{E1.Pr.=10 E1.Pr.=20 €1.Pr.=30:EL.Pr.=10 £1.Pr.=20 £1.Pr.=30:E1.Pr.=10 E1.Pr,=20 E1.Pr.=30
CONSTR.iAgr.Pr.=30:  0.00  0.00  0.04%  0.00  0.00  0.06!  0.06  0.06  0.06
COSTS= iAgr.Pr.=40!  0.00  0.00  0.06 %  0.00  0.00  0.00 !  0.00 0.0 0.0
-25 1 1Agr.Pr.=50; .00  0.00  0.06%  0.00  0.00  0.06¢  0.00  0.00  0.00
CONSTR. iAgr.Pr,=30: 0.00 0.00 0.00 ! 0.00 0.06 0.06 1 0.00 0.06 0.06
COSTS= iAgr.Pr.=40! 0.00 0.00 0.00 ! 0.00 0.00 0.00 | 0.00 0.06 0.06
even 1AQr.Pr.=30! 0.00 0.00 0.00 ! 0.00 0.00 0.00 ! ¢.00 0.00 0.06
CONSTR. iAgr.Pr.=30! 0.00 0.00 0.00 ! 0.00 0.06 0.06 0.00 0.06 0.10
COSTS= iAgr.Pr.=40. 0.00 0.00 0.00 : 0.00 0.00 0.06 ¢ 0.00 0.06 0.06
+25 1 !Agr.Pr.=50! 0.00 0.00 0.00 : 0.00 0.00 0.00 ! 0.00 0.06 0.06
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TABLE

B-1t:

Optimal

f1zes8

of Transfer

DISCOUNT RATE: i WATER REQUIREMENTS = -S5O X | MATER REQUIREMENTS = even ! WATER REQUIRENENTS = +50 1
81 ITSISIISSSIISIIEIIISSISISISISISIIISITISSSESToCoXESIEEISISSSCISSISSIISZISISIISassIsssossszass
E1.Pr.=10 E1.Pr,=20 €1.Pr.=30)E1.Pr.=10 E1.Pr.=20 E1.Pr.=30.€1.Pr.=10 €1.Pr.=20 El.Pr.=30
CONSTR. iAgr.Pr.=30: 0.00 6.00 0.00 ! 0.00 0.00 0.00 : 0.00 0.00 0.00
COSTS= Agr.Pr.=40; 0.00 0.00 0,00 ! 0.00 0.00 0.00 ! 0.00 0.00 0.00
-25 1 1Agr.Pr.=530! 0.00 0.00 0.00 : 0.00 0.00 0.00 ¢ 0.00 0.00 0.00
CONSTR. (Agr.Pr.=30: 0.00 0.00 0.00 | 0.00 0.00 0.00 : 0.00 0.00 0.00
C0STS= tAgr.Pr.=40; 0.00 0.00 0.00 : 0.00 0.00 0.00 ! 0.00 0.00 0.00
even 1Agr.Pr.=30) 0.00 0.00 0.00 : 0.00 0.00 0.00 : 0.00 0.00 0.00
CONSTR. tAgr.Pr.=301 0.00 0.00 0.00 @ 0.00 0.00 0.00 ! 0.00 0.00 0.00
COSTS= tAgr.Pr.=40] 0.00 0.00 0.00 ¢ 0.00 0.00 0.00 ! 0.00 0.00 0.00
425 1 ‘Agr.Pr.=50} 0.00 0.00 0.00 ! 0.00 0.00 0.00 ! .00 0.00 0.00
DISCOUNT RATE: | WATER REQUIREMENTS = -50 1 : WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 1
10 1 {s=2zazsssszosszzssasTzascoes Z==s=z=====z==Izzz=T ==
‘El.Pr.=10 E1.Pr.=20 El.Pr.=300El.Pr.=10 El.Pr.=20 E1,Pr.=30:E1.Pr.=10 El.Pr.=20 E1.Pr.=30
CONSTR. iAgr.Pr.=30! 0.00 0.00 0.00 ¢ 0.00 0.00 0.00 : 0.00 0.00 0.00
JC0STS= (Agr.Pr.=40! 0.00 0.00 0.00 ! 0,00 0.00 0.00 } 0.00 0.00 0.00
-25 1 (Agr.Pr.=50: 0.00 0.00 0.00 . 0.00 0.00 0.00 ¢ 0.00 0.00 0.00
CONSTR. !Agr.Pr.=30; 0.00 0.00 0.00 : 0.00 0.00 0.00 : 0.00 0.00 8.00
FCQSTS= 1Agr.Pr.=40; 0.00 0.00 0.00 ! 0.00 0.00 0.00 ¢ 0.00 0.00 0.00
even iAgr.Pr,=50! 0.00 0.00 0.00 : 0.00 0.00 0.00 ! 0.00 0.00 0.00
CONSTR. 1Agr.Pr.=30! 0.00 0.00 0.00 ! 0.00 0.00 0.00 : 0.00 0.00 0.00
C0STS= ‘Agr.Pr.=40; 0.00 0.00 0.00 ! 0.00 0.00 0.00 | 0.00 0.00 0.00
+25 1 iAqr.Pr.=30} 0.00 0.00 0.00 : 0.00 0.00 0.00 | 0.00 0.00 6.00
P ISCOUNT RATE: i WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIREMENIS = 450 I
12 1 tzsoczzoszossIsssSIIoIEINEIIITISoSSITSIISTEIIIISSISIEZESISSSSISIsSIEISzssIsssasIsssissssIsss
1EL.Pr.=10 EL.Pr,=20 E1.Pr.=30M€El.Pr.=10 El.Pr,=20 El.Pr.=303€]1.Pr.=10 E1.Pr.=20 £1.Pr.=30
CONSTR. 1Agr.Pr.=30: 0.00 0.00 0.00 ! 0.00 0.00 0.00 1 0.00 0.00 0.00
L05TS= 1Agr.Pr.=40: 0.00 0.00 0.00 ; 0.00 0.00 0.00 1 0.00 0.00 0.00
-25 1 1Agr.Pr.=50} 0.00 0.00 0.00 * 0.00 0.00 0.006 | 0.00 0.00 0.00
[CONSTR, tAgr.Pr.=30: 0.00 0.00 ¢.00 3 0.00 0.00 0.00 & 0.00 0.00 0.00
C0STS= 1Agr.Pr,=40! 0,00 0.00 0.00 ! 0.00 0.00 0.00 ! 0.00 0.00 0.00
even Agr.Pr.=S0: 0.00 0.90 0.00 ! 0.00 0.00 0.00 ! 0.00 0.00 0.00
CONSTR. 1Agr.Pr.=20: 0.00 0.00 0.00 . 0.00 0.00 0,00 : 0.00 0.00 8.00
C0STS= iAgr.Pr.=40! 0.00 0.0C 0,00 ! 0.00 0.00 0.00 1 0.00 0.00 0.00
+25 1 tAgr.Pr.=50; 0.00 0.00 0.00 . 0.00 0.00 0.00 1 0.00 0.00 0.00
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TABLE

Cc-1:

Net benefits

of Alternative A

T

DISCOUNT RATE: ) WATER REQUIREMENTS = -50 1  WATER REQUIREMENTS = even 1 WATER REQUIREMENTS = +50 1
81 |ZZSTIoTTSIESSISTIoSISSSSISISITIIISIISEISSIICIIIIIIZISSISISSSSISSIIIIIIIIsISazzszsssssasss
VEl.Pr.=10 E1.Pr.=20 €1.Pr.=301El.Pr.=10 E1.Pr.=20 El.Pr.=301€1.Pr.=10 E1.Pr.=20 E].Pr.=30
CONSTR. 1Agr.Pr.=30: 0.21 0.51 0.81 1 0.21 .51 0.8t ¢ 0.2t 0.31 0.81
C0STS= iAgr.Pr.=40] 0.21 0.51 0.8t ! 0.21 51 0.81 : 0.21 0.5¢ 0.81
-25 1 iAgr.Pr.=50: 0.21 0.5t 0.81 0.21 0.81 1 0.2t 0.5¢ 0.81
I, . - i ——— - e ) - : _____
CONSTR. iAgr.Pr.=30: 0.48 0.78 ! 0.48 0.78 | 0.18 0.48 0.78
C0STS= iAgr.Pr.=40. . 0.48 0.78 1 0.48 0.78 | 0.18 0.48 0.78
even 1Agr.Pr.=50! 0.48 0.78 © 0.48 0.78 ! 18 0.48 0.78
(CONSTR. 1Agr.Pr. =301 0.15 0.45 0.75 ¢ 0.43 0.75 1 0.135 0.45 0.73
COSTS= 1Agr.Pr.=40: 15 0.45 0.75 ¢ 0.45 0.75 ¢ 13 0.43 0.75
+25 1 iAgr.Pr.=30: 0.45 0.75 1 . 0.45 0.75 % 0.45 0.75
DISCOUNT RATE: ! WATER REQUIREMENTS = -50 1 ! WATER REQUIREMENTS = even { WATER REQUIREMENTS = +50 1
10 ¥ l=zszszzsassssssssEISoIISSCIIIIICIIZISISISITISTISSSSSISSSSRIISRISSIIIIRTINIITITISISISTI=IER
'El.Pr.=10 E1.Pr.=20 E1.Pr.=30'€1.Pr.=10 E1.Pr.=20 £1.Pr.=30:€l.Pr.=10 El.Pr.=20 E1.Pr.=30}
CONSTR. (Agr.Pr.=30: . 0.49 0.79 ¢ 0.49 0.79 1 0.19 0.49 0.79
C0STS= iAgr.Pr.=40! 0.49 0.79 0.49 0.79 ¢ 0.19 0.49 0.79
-25 1 Agr.Pr.=50: 0.49 0.79 1 0.49 0.79 1 0.19 0.49 0.79
iCOISTR.:Qgr.Pr =30: 0.45 0.75 ! . 0.45 0.75 3 . 0.45 0.75
COSTS= iAgr.Pr.=40! . 0.45 0.75 0.45 0.75 i . 0.45 0.75
even 1Agr.Pr.=50! 0.45 0.75 ¢ 0.45 0.75 ¢ 0.45 0.75
CONSTR. (Agr.Pr.=30} . 0.41 JE 0.71 3 . 0.41 0.71
JC0STS= iAgr.Pr.=40: 0.41 JU3 0.71 % . 0.4 0.71
+25 1 i1Agr.Pr.=50; . 0.4} ; 0.71 1% 0.41 0.7t
DISCOUNT RATE: ! WATER REQUIREMENTS = -50 I : WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 1
17 Y !zozzzozzszsoIosoosoIoooToISIISITTIISISTIEIISIIIIESISCIIISIIEIIISTIIISISIIICSISITSSIISSSIES
‘E}.Pr.=10 E1.Pr.=20 E1.Pr.=30!E1.Pr.=10 E1.Pr.=20 E1.Pr,=3C E1.Pr.={0 El.Pr.=20 E1.Pr.=30
CONSTR. tAqr.Pr.=30: 0.47 0.76 | 0.76 1§ 0.17 0.47 0.76
ACDSTS= tAgr.Pr.=40) 0.47 0.76 ¢ 0.76 1§ 0.17 0.47 0.76
-25 1 ‘Agr.Pr,=50: 0.47 0.76 ! 0.76 ¢ 0.17 0.47 0.7%
CONSTR. tAgr.Pr.=301 A2 0.4 0.72 3 0.12 0.42 0.72 % 0.12 0.42 0.72
1C0S7S= Agr.Pr.=40! A2 0. 0.72 1 12 0.42 0.72 1 0.12 0.42 0.72
even Agr.fr.=S0: 0.12 0.42 0.72 ¢ 0.42 0.72 ¢ 0.12 0.42 0.72
CONSTR. JAgr.Pr.=30} 0.08 0.8 0.68 ¢ 0.08 0.38 0.68 1 0.08 0.38 0.68
(0STS= 1Agr.Pr.=40! 0.08 0.38 0.6 1 0.08 0.38 0.68 1 0.08 .38 0.68
+25 1 iAgr.Pr.=504 0.08 0.38 0.68 1 0.08 0.28 0.68 ¢ 0.08 0.38 0.58
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TABLE C-2: Net benefits of Al ternative B

CISCOUNT RATE: : NATER REQUIREMENTS = -50 1 ) WATER REQUIREMENTS = even ' WATER REQUIREMENTS = 450 I
81 :::::::::::::::::::::=:::::::::::=::=:::::::::::::::::::::::::::::::::::::::::::::::::::::

i

CONSTR. (Agr.Pr.=30! 1.91

.2 2.5 0.92 . 1.82 0 0.59 0.89 1
C0STS= iAgr.Pr.=40! 2,57 2.87 3470 1.25 1.85 1 0.81 111
=25 1 lAgr.Pr.=50; .24 3.53 3.83 1 ! 2.18 1 1.03 1.33 .
CONSTR. iAgr.Pr.=30: 1.7 2.09 2.39 1 0.80 1.1 1.39 1 0.47 0.76 1.06
COSTS= iAgr.Pr.=40: 2.43 2,73 3.05 % f.13 1.43 .72 ¢ 0.49 0.99 1
even IAgr.Pr.=50! 3.1 3.4 3.0 1.46 176 2,06 0 0.9¢ 1.2t
CONSTR. 1Agr.Pr.=30; 1.67 .96 2.26 0 0.47 0.97 { : 0.34 0.64 0.94
COSTS= [Agr.Pr,=40: 2.33 2,63 2.92 ¢ £.00 .30 ] 0.36 0.86 .16
425 1 lAgr.Pr.=50! 2.99 3,29 3.59 % 1.34 H 0.78 1.08 1.38
DISCOUNT RATE: ! WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 1
10 1 \3T3zToooozssozasssszIszsssscozzsozzzorzsooosssssoossIssIssIIsToooosssssoossoosszzsssozams:
‘E1.Pr.=10 E1.Pr.=20 EL.Pr.=301€].Pr.=10 E1.Pr.=20 El.Pr.=30€1.Pr.=10 E1.Pr.=20 E1.Pr.=30
CONSTR. (Agr.Pr.=30: 2.12 2,42 3 ; 0.50 0 1.10
COSTS= iAgqr.Pr.=40! 2.79 3.08 ! J6 0.72 1 1.32
-25 T ‘Agr.Pr.=50} 315 3.45 375 . A9 0.94 o2 1.54
CONSTR. iAgr.Pr.=30: 1.67 1.97 2,21 ! 0.68 0.98 1.28 ¢ 0.35 0.65 0.93
COSTS= iAgr.Pr.=40; 2,33 2.63 2,931 .01 1.3 1.61 1 0.57 0.87 119Y)
even 1Agr.Pr.=50; 3.00 3.9 3.59 ! 1.34 1.64 1.94 | 0.79 .09 1.39
CONSTR. iAgr.Pr.=30; 1.52 1.82 .12 0.33 3 : 0.20 0.50 0
COSTS= }Agr.Pr.=40: 2.18 2.48 2,78 3 0.86 ' 0.42 0.72
+25 1 1Agr.Pr.=50! 2.84 MY J.44 .19 1 : 0.64 0.94
DISCOUNT RATE: . WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 1
12 z ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

tRLPr.=10 E1.Pr.=20 E1.Pr.=30!£1.Pr.=10 £1.Pr.=20 €1.Pr.=30,E1.7r,=10 E1.Pr.=20 Ei.Pr.=30

CONSTR. |Agr.Pr.=30! .74 2.04 2.34 0.75 1.05 1.34 ) 0.42 0.71 )
COSTS= iAgr.Pr.=40: 2.40 .70 3.00 . .08 1.38 1,870 0.64 0.94 1.23
-25 1 tAqr.Pr.=50: 3.06 3.3 3,660 1.41 o 2.0 0.86 1.1 1
CONSTR. (Agr.Pr.=30: 1.536 1.86 2,18 1 0.57 0.85 1,16 ) 0.24 0.53 0.83
COSTS= iAgr.Pr.=4¢! .2 2,32 2.82 ) 0.90 1.2 1.45 0 0.46 0.7¢ 1.0S
even Agr.Pr.=50: 2.88 3.18 3.48 ) 122 1.53 1,821 0.¢8 5.97 1.27
CONSTR. iAgr.Pr.=30! 1.38 1.¢8 1.97 1 0.38 0.68 0.58 1 0.05 0.35 0.85
€0STS= iAgr.fr.=40: 2.0 ) 2.64 0 0.72 1.2} 1L 0.27 0.37 0.87
+25 1 1Agr.Pr.=30: 2,70 3.00 3,304 1.03 1.34 1,64 1 0.30 0.79 1.09
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TABLE C-3:

Net benefits

of Alternative C

1D [SCOUNT RATE: WATER REQUIREMENTS =

-1
P e e L i R P S P e P P e e L I P P R P P 2 S P I F P PR R ST R

€1.Pr.=10 E]1.Pr.=20 E1.Pr.2301E}.Pr.=10 E1.Pr.=20 E1.Pr.=30!€1.Pr.=10 El.Pr.=20 El.Pr,=30f

WATER REQUIREMENTS = even

]
0

WATER REQUIRERENTS = +50 1

81 H

CONSTR. 1Agr.Pr.=30! 1.91 .2 2.51 1 0.92 1.22 1.52 4 0.3¢ 0.89
COSTS= iAgr.Pr.=40! .57 2.87 3173 1.25 1,58 1.85 : 4.81 1.1
-25 1 Agr.Pr.=50: 3.0 3.33 3.83 1 1.58 1.88 2.18 1 1.03 1.33
ONSTR. iAgr.Pr.=30! 1.79 2.09 2.39 1 0.80 1.10 1.39 1 0.47 0.78 1.08
0S75= lAgr.Pr.=40; 2.45 2.73 3.05 ¢ 1.13 1.43 1.72 1 0.69 0.99 1.28
even [Agr.Pr.=50! 3.1 3.4 RV {.46 1.76 2,06 1 0.91 1.2t 1.5
iCONSTR.:égr.Pr.=30: 1.87 1.96 2,26 % 0.67 0.97 .27} 0.34 o4
COSTS= 1Agr.Pr.=40! 2.33 . 2,928 1.00 1,30 1.60 ! 0.56 0.86
425 1 iAgr.Pr.=50: 2.99 . 3.5% ¢ .34 1.63 1.93 0 0.78 1.08
FD!SCUUNT RATE: i WATER REQUIREMENTS = -50 L : WATER REQUIREMENTS = even | MATER REQUIREMENTS = +30 1

101 {III==ZIZIIIRTIIITII=TED ¥ zzz3223
{E1.Pr.=10 E1.Pr.=20 El.Pr.=30iE).Pr.=10 E1.Pr.=20 El.Pr.=30iE1.Pr.=10 E1.Pr.=20 E1.Pr.=30
tg:STR.:Aqr.PrJSO! 1.83 2.12 2,428 0.83 1.13 1.43 1 0.50 0.80
15= iAgr.Pr.=40! 2,49 2.19 3.08 ¢ t.18 1.46 1.76 4 0.72 1.02
=25 1 iAgr.Pr.=50! 115 3.45 3,754 1.49 1.79 2,09 ! 0.94 1.24
STR. !Agr.Pr.=30! 1,67 1.97 .21 0.48 0.98 1.28 | 0.35 0.65
0STS= !Agr.Pr.=40! .33 2,43 2.93 ¢ 1.01 1.3t 1.81 4 0.57 0.87
even 1Agr.Pr.=50; 3.00 3.29 3.59 ¢ 1.34 {.64 1.94 | 0,79 1.09
ONSTR, iAgr.Pr, =30} 1.82 2.12 % 0.33 0.83 1.13 % 0.20 0.50
0STS= !Agr.Pr.=40! 2.48 2.78 0.86 1,18 1.46 ! 0.42 0.72 .
+25 1 tAgr.Pr.=50} 3.4 3.4 1.19 1.49 1.79 4 0.64 0.94 1.24
DISCOUNT RATE: i WATER REQUIREMENTS = -30 1 . WATER REQUIREMENTS = even 1 WATER REQUIREMENTS = +30 1
12 1 ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
\E1.Pr.=10 E1.Pr.=20 E1.Pr.230iE) . Pr.=10 El.Pr.=20 E1.Pr.=30:EL.Pr.=10 El.Pr.=20 E1.Pr.=30
JCONSTR. 1Agr.Pr. =30} 1.4 2,04 2.34 0 0.75 .05 1.34 4 0.42 0.71 1.01
C0ST5= iAgr.Pr,=40! 2.40 2.70 3.00 ! 1.08 £.38 1.67 1 0.84 0.94 1.23
-25 T iAgr.Pr,=50; 3.06 3.36 3.66 1 1.41 .7 2.0t ¢ 0.85 { 1,45
CONSTR. {Agr.Pr.=30} 1.56 1.86 2,18 % 0.57 0.86 1.16 4 0.24 0.53 0.83
COSTS= iAgr.Pr.=40; 2.22 2.52 2.82 ) 0.90 1.20 1.49 1 0.46 0.75 1.05
even lAgr.Pr,=30. 2.88 118 3.48 1 1.23 1.33 1.82 4 0.48 0.97 1.27
CONSTR. iAgr.Pr.=30! 1.38 1.68 1 0.38 0.68 0.98 ! 0.05 0.35 0.65
C0STS= iAgr.Pr.=40; 2.04 2.34 i 0.72 1.01 1.31 4 0.27 0.57 0.87
+25 1 iAgr.Pr.=50: 2,70 3.00 i 1,05 1.34 1.64 1 0.50 0.79 1.09
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TABLE C-4:

Net benerfits

of Alternative D

y

DISCGUNT RATE: :
81 H

CONSTR. !Agr.Pr.=30;

WATER REQUIREMENTS = -30 I

B R e e e e e Pt e T e P T P P TP T T o7 ]

El.Pr.=10 E1.Pr.=20 E1.Pr.=30(El.Pr.=10 El.Pr.=20 El.Pr.=30

MATER REQUIRENENTS = even

1El.Pr.=10 E1.Pr.=20 E}.Pr.=30

WATER REQUIREMENTS = 450 I

101 )

1.89 2.18 2.48 1 0.89 1.19 1.48 | 0.5 0.86 1.15

COSTS= iAgr.Pr.=40; 2.35 2.85 3040 1.3 1.52 1.81 1 0.78 1.08 1.37
-25 1 Agr.Pr.=50: 3.2 3.5t 3.80 § 1.36 1 : .00 1.30 1.59
CONSTR. 1Agr .Pr.=30: 1.76 2.05 2.35 % 0.76 1.0 351 0.43 0.73 1.02
hCOSTS= tAgr.Pr.=40} 2.42 211 3.01 1 1.09 1.3 .68 1 0.65 0.95 1.24
eyen iAgr.Pr.=50: J.08 3.38 3.47 % 1.43 1.72 2,01 4 0.87 .17 1.46
COXSTR. (Agr.Pr.=30; 1.63 1.92 2,200 0.63 0.93 1.22} 0.30 0.59 0.89
fcosTs= Agr.Pr.=40! 2.9 2.58 2,88} 0.96 1.2¢ 1.55 ¢ 0.52 0.82 1.1
+25 1 iAgr.Pr.=50! 2.93 3.23 3.3 1.29 1.59 1.88 1 0.74 1.04 1,33
DISCOUNT RATE: NATER REQUIREMENTS = -50 I ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = 450 1

121 :

EL.Pr.=10 E1.Pr.=20 El.Pr.=30!El.Pr.=10 E1.Pr,=20 El.Pr.=30iE1.Pr.=10 €I.Pr.=20 E1.Pr.=30
CONSTR. iAgr.Pr.=30: 1.80 2.09 2.3 1 0.80 .10 1.39 ¢ 0.47 0.76 1.06
C0STS= iAgr.Pr.=40! 2.4 2.75 3.05 1 {13 1.43 1.72 1 0.49 0.98 5.28
~25 1 iAgr.Pr.=50 3.12 3.42 3. 1.46 1.76 2.05 1 0.91 .21 1.50
CONSTR. {Agr.Pr,=30! 1.83 .93 .22 0.64 0.93 1.23 3 0.31 0.80 0.90
JeosTs= iAgr.Pr.=40! 2.30 2.59 2.88 | 0.97 1.26 1.36 ! 0.53 0.82 1.12
even iAgr.Pr.=50; 2.96 3.25 3.55 % 1.30 1.60 1.89 1 0.75 1.04 1.34
CONSTR. iAgr .Pr.=30! 1.47 {. 2.06 1 0.48 6.77 1.06 1§ 0.13 0.44 0.73
Jcosts= iagr.Pr.=40: 2.13 2.43 .72 1 0.81 {.10 .80} 0.37 0.6¢ 0.95
+25 1 iAgr.Pr.=50! 2.80 3.09 3.38 1 [.14 . .73 % 0.3¢9 0.88 1.18
DISCOUNT RATE: ! WATER REQUIREMENTS = -50 1 ! WATER REQUIRENENTS = even | WATER REQUIREMENTS = 450 1

CONSTR. |Agr.Pr.=30! 1.70 2.00 .29 0.71 1.00 1.30 4 0.38 0.67 0.97
C0STS= iAgr.Pr,=40: .37 2.66 2.95 8 1.04 1.34 1,63 % 0.60 0.89 1.19
-25 1 1Agr.Pr.=50; 3.03 3.32 3.621 1.37 1.67 1.96 1 0.82 f.11 1.44
CONSTR. iAgr.Pr.=30} .81 1.80 2.10 1 0.52 0.81 : 0.1 0.48 0.77
C0S1S= 1Agr.Pr.=40: 17 2.47 2,76 1 0.85 1.14 l i 0.4 0.70 0.99
even Agr.Pr.=501 343 3.420 1.18 1.47 . 0.92 1.22
CONSTR. tAgr.Pr.=30: 1.32 1.81 1.91 0.32 0.62 0.91 ! -0.01 0.29 0.38
C0STS= 1Aqr.Pr.=40! 8 2.27 : 0.66 0.95 1.24 1 0.2! 0.51 .80
+25 1 Agr.Pr.=50} 2.94 ] 0.99 1.28 1.37 % 0.43 0.73 1.02
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TABLE C-5: Net benefits of Alternative E

DISCOUNT RATE: i WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIREMENTS = 450 1
81 JZTSESIIZoIsToESIISSIIECTISCIISITCREIRTETREILICSIIINSSIIIEISESITISCTISIISCRIIEIIITISSITESE

1E1.Pr =10 EL.Pr.=20 EL.Pr.=30:E1.Pr =10 EI.Pr.=20 €1.Pr,=30%El.Pr.=10 E1.Pr.=20 El.Pr.=30

CUNSTR.'Aqr Pr.=30: 1.98 2.46 2.95 0.99 1.47 1.96 0.86 1.14 1.63
COSTS= Agr.Pr.=40! 2.44 3.13 .81 . 80 2.29 0.88 1.36 1.85
-25 1 iAgr.Pr.=50} 3.30 3.79 .27 . 2.43 2.62 1.10 1.58 2.07
CONSTR. {Agr.Pr.=30! 1.82 2.30 2.79 .82 ! . A9 0.98 .
0.7¢ 1.20 .
even [Agr.Pr,=50! 3.14 3.62 4.1 1.9 . 0.93 1.42 .

CONSTR, iAqr.Pr,=30! 1.65 2,14 2,82
COSTS= iAgr.Pr.=40; 2.3 2.80 3.28
423 1 iAgr.Pr.=50! 2.98 3. 48 3.95

0.6 .15 1.83
0.99 1.48 1.96
1.32 1.8¢ 2.

: 0 . 1.79
COSTS= iAgr.Pr.=40! 2.48 2.96 3.45 ) .15 1.64 2.12
' 1.49 2

DISCOUNT RATE: i WATER REQUIREMENTS = -50 1 ! WATER REQUIREMENTS = even | MATER REQUIREMENTS = +50 I

10 1 }zz2szzzzszasas =sszzsssr=szsssss s===z332=
1E]l.Pr, '10 El.Pr.=20 El. Pr.-SO El1.Pr.=10 E1.Pr,=20 E1.Pr.=30!E1.Pr.=10 El.Pr.=20 El.Pr.=30f
CONSTR. :Aqr Pr.=30! 1.86 2.35 2.83 ! 0.87 1.36 1.84 ! 0.54 1.03 1.51
COSTS= 1Aqr.Pr.=40! 2.53 3.01 3.50 ¢ 1.20 1.69 217 ¢ 0.7 1.25 .73
-25 1 Agr.Pr.=50! 3.1% 1.67 4.16 ¢ 1.53 2.02 2.5 ¢ 0.98 1.47 1.95
CONSTR. iAgr.Pr.230! 1.66 2.15 2,83 % 0.47 1.15 1.64 1 0.34 0.82 1.3t
COSTS= iAgr.Pr.=40! .32 2.81 3.29 ! 1.00 1.49 1.97 1 0.56 1.04 1.53
even :Aqr Pr.=50! 2.98 .47 3.95 % 1.33 1.82 2.30 ! 0.78 1.26 1.75
CONSTR. {Agr .Pr.=30} 1.45 1.94 2.43 1 0.47 0.95 H 0.1¢4 0.62 1.1
COSTS= iAgr.Pr.=40) 2.12 2,81 3.09 3 0.80 f. 73 0.34 0.84 .33
+25 1 iAgr.Pr.=50: 2.78 .27 3.75 1 1.13 1.4t A0 0.58 1.06 1.35

DISCOUNT RATE: ¢ WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | NWATER REQUIREMENTS = 450 1

12 z ) e e e e e S S e e e e e e e e e P
E1.Pr.=10 E1.Pr.=20 E1.Pr.=301E1.Pr.=10 E1.Pr.=20 E1.Pr.=30:E1.Pr.=10 E1.Pr.=20 E1.Pr.=30
CONSTR. tAgr.Pr.=30: 1.75 2.23 2.72 ¢ 0.76 1.24 1.73 % 0.43 0.91 .
C0STS= 1Agr.Pr,=40: 2.4 2.90 3.38 ¢ 1.09 1.57 06 : 0.65 .13
=25 1 iAgr.Pr.=50: 3.07 3.36 §.04 | 1.42 .90 2,39 1 0.87 1.35
CONSTR. JAgr.Pr. =301 1.5¢ 1.99 2.48 0.52 1.00 1.49 0.19 0.67 I,
C0STS= iAgr.Pr.=40} 2.17 2.66 3140 0.85 1.33 1.82 % 0.41 0.89 1
even 1AgQr.fr.=30! 2.8 3.80 1 .18 l.bb 2,151 0.63 f.11 |
CONSTR. ‘Agr.Pr,=30: £.27 1,75 2.24 0.28 0.76 1.25 1 -0.03 0.43 0.92
COSTS= Agr.Pr.=40. 1.93 2.42 2.90 . 0.6¢ £.09 1 : 0.17 0.63 1.14
+25 1 lAgr.Pr.=50. 2.59 3.08 3.56 1 0.94 1.42 1.91 1 0.39 0.87 .3
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TABLE C-6:

Net benefits of Alternative F

DISCOUNT RATE:

i WATER REQUIREMENTS = -S0 1

{ WATER REQUIRERENTS = even | WATER REQUIREMENTS = 430 I

8 z '|:::::::::::::::::::::::::::x:z::x:x:l::::x::::::::::::xz:::::::::::x:::::t::::::::::z::::
1E1.Pr. =10 E1.Pr.=20 E1.Pr.=301E1.Pr.=10 E1.Pr.=20 El.Pr.=30!E1.Pr.=10 El.Pr.220 El.Pr.z30
CONSTR. tAgr.Pr.=30: 3.60 3.89 19 1.79 2.09 0.80 1.09 1.39
€0STS= lAgr.Pr.=40; 5.00 5.30 5.59 1 . . 2.79 % 1.26 1.56 1.86
~25 1 1Agr.Pr.=50! 6.40 6.70 6.99 1 2.90 319 3.49 | 1.73 2.03 2.3
CONSTR. tAgr.Pr.330; 3,30 3.59 3.89 % 1.49 .79 4 0.49 . 1.09
C0STS= lAgr.Pr.=40} 4.70 4.99 5.9 1.89 2.19 2.49 2 0.96 1 1.56
even iAgr.Pr.=50: 5.10 6.39 6.89 ! 2.89 3.19 8 1.43 7 2,03
CONSTR. iAgr.Pr.=30: 2.99 3.29 3.59 1 0.89 49 0.19 0.49
C0STS= iAgr.Pr.=40: 4.39 4.49 4.99 % 1.59 2.19 1 0.66 0.96
#25 1 \Agr.Pr.=50; 5.7% 8,09 6.39 1 .28 2.89 i 1.13 1.43

¥

DISCOUNT RATE:

WATER REQUIREMENTS = -50 I

i WATER REQUIRENENTS = even | WATER REQUIREMENTS = 430 1

10 1 yE=ssssssssssszzssx :
{E1.Pr.=10 E1.Pr.=20 E1.Pr,=303E1.Pr.=10 E1.Pr.=20 E1.Pr.=30!EL.Pr.=10 E1.Pr.=20 €1.Pr,=30]
1 ] 1 t
CONSTR. iAgr.Pr.=30; 3.38 3.68 3.98 1 1.28 1.38 1.88 ! 0.58 0.88
COSTS= iAgr.Pr.=40; 478 5.08 5.38 1 1.98 . 2.38 ¢ 1.03 £.33
=25 1 iAgr.Pr.=50: 6.18 .48 6.78 : 2.68 2,98 3.28 1 1.52 1.8¢
CONSTR. !Agr.Pr.=30: . 3.3 3.61 % 0.91 1.2 1.51 % 6.21 0.31 0.81
#COSTS= 1Agr.Pr.=40; 4“1 5.00 1 1.81 1.9t : 0.68 0.98 .27
even (Agr.Pr.=30! .11 6411 .31 2,41 : 1.14 1.44 174
CONSTR. iAgr.Pr.=30; 2,64 2.94 3.24 1 0. 0.84 L1306 0.14 0.43
JCOSTS= iAqr.Pr.=40; 4.04 .34 .64 1.24 1.54 §.84 ! 0.30 0.40 0.90
+23 1 iAgr.Pr.=50; 3.44 5.4 6.04 1 2,24 2.54 0.77 1.07 1.37

DISCOUNT RATE:

+ WATER REQUIREMENTS = even ! WATER REQUIRENENTS = +50 I

12 z R e e N T T e P A S S IS A R P I P L S S S S ==
1E1.Pr.=10 E1.Pr.=20 El.Pr.=301E1.Pr.=10 E1.Pr.=20 El.Pr.=30%€1.Pr.=10 E1.Pr.=20 El.Pr.=30

CONSTR. iAgr.Pr.=30! 3.7 3.4 3.7 1.37 1,67 ¢ 0.37 0.47 0.97
C0STS= 1Agr.Pr.=40; .57 4.87 ST 2.07 2,371 0.84 1.14 1.44
-25 1 1Agr.Pr.=50: 5.97 6.27 6.57 % n 3.07 ¢ 1.31 1,60 1,90
ICONSTR. 1Agr.Pr.=30} .13 3.03 3,338 0.63 0.93 . -0.07 0.23 0.53
C0STS= 1Agr.Pr.=40! 4.13 4.43 4731 1.33 1.63 1 . 0.40 0.70 0.99
even Agr.Pr,=30! 5.33 5.83 6.13 1 2.03 2.33 : 0.86 1.16 1.46
[CONSTR. tAgr.Pr.=30} 2.29 2.59 2.89 ! 0.19 0.49 i -0.51 -0.21 0.08
COSTS= iAgr.Pr.=40: 3.69 J.99 4.29 1 0.89 1.19 ; -0.05 0.25 0.55
+25 1 iAgr.Pr.=50! 5.09 5.39 5.69 % 1.59 1.89 ] 0.42 0.72 1,02
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TABLE C-7 Net benefits of Alternative G
DISCOUNT RATE: + WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIREMENIS = 450 1
8 z :::::::::::::::::::::::::::::::::::x::::::::::::::::::::::::::::t::::x::::x:::::::::xu:x::
1E1.Pr.=10 E1.Pr.=20 E1.Pr.=30'E1.Pr.=10 E1.Pr.=20 E1.Pr.=30 E1.Pr.=10 €1.Pr.=20 €l.Pr.=30
CONSTR. iAgr.Pr.=301 3.4§ 3.75 4.05 ! 1,22 1.52 1.82 ! 0.47 . 1.07
COSTS= 1Agr.Pr.=40! 4,94 S5.24 5.54 1 .96 2.26 2.56 ¢ .97 1.57
-25 1 iAgr.Pr.=50! 8.43 8.73 7.03 4 N J.0¢ 3.30 1 1.47 . 2.06
WCUNSTR.:hgr.Pr.—JO: 3.0t 3.31 .41 1 1.08 1.38 | 0.04 0.34 0.83
COSTS= iAgr.Pr.=40} 4.50 .80 00 1.83 .82 2.12 0.53 0.83 1.13
even (Agr.Pr.=50} 5.99 6.29 .59 4 .27 57 2.87 1.03 1.33 1.63
CONSTR, tAgr.Pr.=30! .58 2.88 3.17 4 0.34 0.54 0.94 ~-0.40 -0.10 0.20
C0STS= 1Agr.Pr.=40: 4,07 4,36 4,66 ! 1.09 1.39 1.69 i 0.10 0.39 0.6%
+25 1 tAgr.Pr.=50: 3.53 S.85 6.15 4 1.83 2.13 2.43 ¢ .59 0.89 1.19
DISCOUNT RATE: i WATER REQUIREMENTS = -50 I | WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 I
101 ! z==z z = z
‘EL.Pr.=10 E}.Pr.=20 E1.Pr.=30.E1.Pr.=10 El.Pr.=20 E1.Pr.=30:E1.Pr.=10 E].Pr.=20 El.Pr.=30
CONSTR. | Agr.Pr.=30: 3.4 3.4 L4 0.91 {.21 1.51 4 0.16 0.46 0.76
JcosTs= 1Agr.Pr.=40! 4,83 4.93 5.23 1 1,43 1.99 .25 1 . 0.96 .
-25 1 iAgr.Pr.=501 6.12 4.42 6.72 ¢ 2.40 2.70 2.99 1 1.46 .
CONSTR. !Agr.Pr.=30) 2,60 2.90 3.20 ¢ 8.37 0.67 0.96 .38 -0.08 0.22
COSTS= 1Agr.Pr.=40: 4.09 .39 4.69 ! 1.1t 1.41 .71 4 0.12 0.42 0.72
even IAgr.Pr.=30; 5.58 5.88 6.18 ¢ 1.86 2.16 245 ) .62 0.91 1.2
CONSTR. {Agr.Pr.=30: 2.06 2.36 2.68 1 -0.17 0.13 A2 -0.92 -0.62 -0.32
C0STS= 1Agr.Pr.=40! 3.85 3.85 4,15 % 0.57 0.87 H -0.42 -0.12 0.18
+25 1 iAgr.Pr.=50. 5.04 5.3¢ 5.63 4 1.32 .41 910 0.08 0.37 0.67
DISCOUNT RATE: + WATER REQUIREMENTS = -50 1 ! MATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 1
12 z :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.‘.:::::::::::::::‘:::::::::::::
VE1.Pr.=10 E1.Pr.=20 E1.Pr.=30:E).Pr.=10 El.Pr.=20 E1.Pr.=30:E1.Pr.=10 £1.Pr.=20 E1.Pr.=30
CONSTR. 'Agr.Pr.=30! 2.84 3.14 3430 0.60 0.90 1,200 -0.14 0.16 0.46
C0STS= iAgr.Pr.=40! 433 4,62 4,928 1.35 1.65 1.94 0.38 0.45 0.95
-25 1 Agr.Pr.=50 5.81 b.11 6.41 ! 2.09 2.39 2.69 ! 0.85 1.15 1.45
CONSTR. !Aqr.Pr.=30! 2.19 2.49 2.79 7 -0.04 0.26 0.56 ! -0.78 -0.48  -0.19
C0STS= Agr.Pr.=40: 3.48 3.98 4,28 ¢ 0.71 1.00 1.30 ¢ -0.29 0.01 0.3
even ‘Agr.Pr.=50! 5.17 5.47 5.77 1.45 1.75 2,05 ¢ 0.21 0.51 0.81
CONSTR. 1 Agr.Pr.=30" 1.55 1.85 215 1 -0.48 -0.38  -0.08 ! -1.43 -1.13 0 -0.83
C0STS= ‘Agr.Pr.=40! 3.04 3.34 I.64 8 0.06 0.36 0.6 ¢  -0.93 -0.67 0.7
+25 % Agr.Pr.=50! 4,52 .83 5.13 ¢ 0.81 .11 1.0 ¢ -0.43 -0,13 0.16
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TABLE C-8: Net beneflits of Alternative H

DISCOUNT RATE: i WATER REQUIREXENTS = -50 1 : WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 I
a 1 II::::::::::::::::::::::Z::’::::::::::===:=:3::::::::::::::::::: ----- TII==zzz====== gT=I3=
E1.Pr.=10 E1.Pr,=20 E1.Pr.=30:E1.Pr.=10 E1.Pr.=20 £1.Pr.=30:E}.Pr.=10 E}.Pr.=20 El.Pr.=30
CONSTR, 1Agr.Pr.=30; .14 3.44 3.13 % 0.79 1.09 1.39 1 0.0¢ 0.31 0.61
COSTS= ‘Agr.Pr.=40) 4.70 5.00 5.30 1 {.58 1.87 2,171 0.53 0.83 .13
~25 1 1Agr.Pr.=50: 8.26 8.56 6.86 ! 2.36 2.65 2.95 1 1.04 1.35 1.865
JCONSTR. iAgr .Pr.=30} 2.32 2.82 3.2 0.18 0.48 0.78 ¢ -0.60 -0.30  -0.00
COSTS= Agr.Pr.=40; 4.08 4.38 4.68 0 0.96 1.26 1.36 ¢ -0.08 0.22 0.52
even 1Agr.Pr.=50! S.64 5.94 6,24 % 1.74 2.04 2.34 2 0.44 0.74 1.04
CONSTR. iAgr.Pr.=30! .91 .2 .50 1 -0.44 -0.14 0.16 ¢ -1.22 -0.92  -0.82
LCOST5= 1Agr.Pr.=40] .47 .77 4,07 ! 0.35 0.64 0.94 ; -0.70 -0.40  -0.10
425 1 iAgr.Pr.=50! 5.03 5.33 5.63 1 1.13 1.42 .72} -0.18 0.12 0.42
DISCOUNT RATE: i WATER REQUIREMENTS = -50 1 | NATER REQUIREMENTS = even ! WATER REQUIREMENTS = +50 1
101 : ITTIITTITTIITTTITIIIZIS = ==
{E1.Pr.=10 €1.Pr.=20 E1.Pr.=30'€l.Pr,=10 El.Pr.=20 El.Pr.=30'El.Pr.=10 E1.Pr.=20 E1.Pr.=30}
CONSTR. iAgr.Pr.=30! 2.70 3.00 3.30 0 .36 0.66 0.96 ¢ -0.42 -0.12 0.18
C0STS= iAgr.Pr.=40: 4.26 4.56 4.86 1 1.14 1.44 1.74 ¢ 0.10 0.40 0.70
-25 1 iAgr.Pr.=50! 3.82 6.12 6.42 1 1.92 .22 2,52 4 0.62 0.92 1,22
CONSTR. iAgr.Pr.=30: 1.94 2.2 2.5¢ 5 -0.40 -0.10 0.20 1 -1.18 ~0.88  -0.59
JCOSTS= iAgr.Pr.=40! 3.50 3.80 4.10 ) 0.38 0.68 0.98 | -0.66 -0.36  -0.06
even 1Agr.Pr.=50! 3.06 3.3 S.66 | 1.16 t.46 1.76 & -0.14 0.18 0.4
CONSTR. iAgr.Pr.=30! 1.18 1.48 1.78 1 -1.18 -0.86 -0.57 ! -1.94 -{.64 -1.35
C0STS= Agr.Pr.=40! Rl 3.04 3.3 -0.38 -0.08 0.22 ¢ -1.42 -1.12 -0.83
425 1 iAgr.Pr.=50¢ 4.30 4.40 4.%0 1 0.40 0.70 1.00 ! -0.90 -0.60  -0.30
DISCOUNT RATE: + WATER REQUIREMENTS = -50 I : WATER REQUIREMEKTS = even | WATER REQUIREMENTS = +50 1
l2 x :::::::::::::::2::::::::::::::::::::::::::::::::::::::::::::::::'.':=:::::=::::::::::2::::::
1E1.Pr.=10 E1.Pr.=20 El.Pr.=30:El.Pr.=10 El.Pr.=20 E1.Pr.=30%€1.Pr.=10 E1.Pr.=20 E!.Pr.=30
CONSTR. tAgr.Pr.=30: 2.27 2.37 .87+ -0.07 0.23 0.53 ¢ -0.85 -0.55  -0.2%
C0ST8= iAgr.Pr.=40} 3.83 413 4.43 0 0.71 1.01 1.31 3 -0.33 -0.03 0.27
-25 1 1Agr.Pr.=50: 5.39 5.49 5.99 ¢ 1.49 2,09 ¢ 0.19 0.49 0.79
CONSTR. tAgr.Pr.=30) 1.37 1,67 1.97 v -0.97 -0.68  -0.38 | =173 -1.46 -1.18
€0STS= iAgr.Pr.=40} 2.93 3.23 .30 -0.19 6.11 0.40 ¢ -1.23 -0.94  -0.64
even Agr.Pr.=501 .49 4.79 5.09 ! 0.39 0.89 1.18 1 -0.71 -0.42  -0.12
FCONSTR.!Agr Pr.=30. 0.46 0.7 1,06+ -1.88 -1.58  -1.28 1 -2.66 -2.36 -2.06
COSTS= iAgr.Pr.=40; 2.03 2.3 2,621 -1.10 -0.80  -0.30 -2.14 -1.84  -1.54
+25 1 \Agr.Pr.=50: 3.59 3.89 18 -0.32 -0.02 0.28 % -1.62 -1.32 0 -1.02
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TABLE C-9:

Net benefits

of Alternative 1

DISCOUNT RATE:

’

i WATER REQUIREMENTS = -50 1 ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 1
8 z :::::::::: P R i 22 22 2 e P Pt P R e 3P R TR T I I T IR PR
‘E1.Pr.={0 E1.Pr.=20 £1.Pr.=30IEl.Pr.=10 El.Pr.=20 E1.Pr.=30i€1.Pr.=10 E1.Pr.=20 E1.Pr.230
CONSTR. iAgr.Pr.=30! 1.95 A4 .92 9% [.44 1.92 % 0.43 . 1.39
COSTS= iAgr.Pr.=40: 2.62 .10 3.58 ¢ 1.29 1.77 2,251 .85 . 1.81
=25 1 iAgr.Pr.=50; 3.28 b .24 1.62 2.10 2.38 ¢ 1.07 . 2.03
CONSTR. 1Agr.Pr.=30: 1.78 2,26 T4 . 1.75 ) 0.46 0.94 1.42
COSTS= iAgr.Pr.=40! 2.45 2.93 AL . . 2.08 ¢ 0.68 1.16 1.64
even Agr.Pr.=30 3.1 3.59 071 . . 2.41 1 0.90 1.38 1.86
CONSTR. }Agr.Pr.=30: 1.61 2,09 2.57 1 0.42 1.10 1.58 ! 0.29 0.77 1.25
COSTS= iAgr.Pr.=40: .27 2.76 3.24 0 9.95 1.43 1.91 ¢ 0.51 0.99 1.47
425 1 'Agr.Pr. =501 2.94 3.42 3.90 ! 1.28 1.76 2.4 % 0.73 1.24 1.69
DISCOUNT RATE: ! WATER REQUIREMENTS = -50 T | WATER REQUIREMENTS = even ! WATER REQUIREMENTS = +50 1
101 |T=TIzzssszzzzIssIzoIzzas ===z
iEl.Pr.={0 E1.Pr.=20 E1.Pr.=30:El.Pr.=10 El.Pr.=20 E1.Pr.=30%El.Pr.=10 El.Pr.=20 El.Pr.=30
CONSTR. !Agr.Pr.=30! 1.83 2.3 2,7% 1 0.84 . 1.80 | 0.51 0.99 1.47
JCOSTS= [Agr.Pr.=40! 2.50 2.98 A8 .17 . 2,131 0.73 1.2t 1.69
=25 1 iAgr.Pr.=50! 3.1 3.64 4.12 1 1.50 . 2,46 1 0.95 1.43 1.9
CONSTR. iAgr.Pr.=30: 1.82 2,10 2.58 ¢ 0.43 .11 1.59 ¢ .30 0.78 1.26
COSTS= iAgr.Pr.=40! 2.28 2.1 3.25 1 0.96 1.44 1.92 % 0.52 1.00 .48
even 1Agr.Pr.=50! 2.95 3.8 3.9 1.29 1.77 250 0.74 1.22 1.70
CONSTR. {Agr.Pr.=30! 1.41 1.89 2,311 0.42 0.90 1.38 1 0.08 0.56 .
COSTS= iAgr.Pr.=40; 2.07 2.55 3.03 1 0.75 1.23 .71 0.31 0.79 )
+25 1 iAgr.Pr.=50: 2.4 3.22 3.70 4 1.08 1.56 04 ] 0.53 1.01
DISCOUKT RATE: i WATER REQUIREMENTS = -50 I | WATER REQUIREMENTS = even ! WATER REQUIREMENTS = +30 1
12 l ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
1€1.Pr.=10 E1.Pr.=20 €1.Pr.=30:E1.Pr.=10 El.Pr.=20 El.Pr.=30:E1.Pr.=10 E1.Pr.=20 El.Pr.=30
CONSTR. tAgr.Pr.=30: f.71 2.19 2.68 © 0.72 1.20 1.68 | 0.39 0.87 1.35
£0STS= iAqgr.Pr.=40: 2,38 2.86 340 1.05 1.33 2,011 0.561 1.09 1.57
=25 1 ‘Agr.Pr.=50! 3.04 3.52 4,00 : 1.38 1.86 2,34 4 0.83 1.3 1.79
CONSTR. 1Agr.Pr.=30! .46 1.94 .42 0.47 0.95 1.3 0.14 0.62 .
COSTS= 1Agr.Pr.=40) 2.13 2.61 3.09 1 0.80 1.28 1.76 % 0.36 0.84
even Agr.Pr.=30; .79 . 3750 [.13 1.61 2,09 1 6.58 1.06
CONSTR. iAgr.Pr.=30! 1.21 1.69 2171 0.22 0.70 1.18 1 -0.12 0.37 0.85
COSTS= iAgr.Pr.=40! 1.87 2.35 2.82 % 0.5 1.03 1500 0.11 0.59 1.07
+25 1 iAgr.Pr.=50! 2.54 3.02 3.50 ¢ 0.88 1.36 1.84 1 0.33 0.8t 1.29
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TABLE C-10: Net benefits of Alternative J

-+

DISCOUNT RATE: WATER REQUIREMENTS = -50 I | WATER REQUIREMENTS = even ! KATER REQUIREMENTS = +50 1
g1 §=T=IZ=IscoITISSSSSSIIIIISSEIISSSISIISIEESSEIXSSCIIIIISISISSIISSISTIZIZSSTSSSISIISaIzszoacs

E1.Pr.=10 £1.Pr.=20 E1.Pr.=301€1.Pr.=10 E1.Pr.=20 EL.Pr.=30:E1.Pr.=10 £1.Pr.=20 E1.Pr.=30

CONSTR. tAgr.Pr.=30!  3.59  3.89  4.18 %  1.48 .77 207¢  0.78 107 1.3
COSTS= iAgr.Pr.=40!  5.00  S5.29  S.59!  2.18 248 277! . .56 1.83
-25 1 tAgr.Pr.=50! 6.4 .70 7.00:  2.89 .08 348! L7 .00 2.30
ONSTR.!Agr.Pr.=30!  3.28  3.58  3.87 ! . . 176 047 0.76  1.05
COSTS= Agr.Pr.=40; 4,69  4.98  S.281  1.87 217 2480 0.94 .23 1.52
even lAgr.Pr.=S0! 610 639 6.69 ¢ . . 3471 140 .70 1.9
ONSTR. {Agr.Pr.=305  2.97  3.27 3.5 ! 0.8 1.6 1451 0.6 0.45  0.74
COSTS= !Agr.Pr.=40) 438 4.68  4.97 ¢  1.57 1.86  2.15%  0.83 0.2 1.21
425 1 'Agr.Pr.=50%  S.79  6.08 638 2.2 2.5 2.8  1.10 .39 1.68
DISCOUNT RATE: | WATER REQUIREMENTS = -50 I ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = 450 1
101 1= sezzzzazzzzzassazsssssszzass z == 222

'E1.Pr.=10 E1.Pr.=20 E1.Pr.=303€1.Pr.=10 E1.Pr.=20 E1.Pr.=30!E1.Pr.=10 E1.Pr.=20 E1.Pr.=30

CONSTR. !Agr.Pr. 331 36T L% 1.26 1.55 .85 0.56 0.85 114

4.78 5.07 5.37
6.19 6.48 6.78

1.03 .32 1.61

=30
WCDSTS= 1Agr.Pr.=40
=50 1.49 1.79 2.08

1
1.96 2.26 2.55
-25 1 iAgr.Pr. 3

2,67 2.96

: 2.99 3.28 3.58 % {
: 4.40 469 4.99 1 1.58 1.88 2.
H : 2

CONSTR. iAgr.Pr.=30 0.88 1.17 A7 0.17 0.47 0.76
COSTS= iAgr.Pr.=40 17
even iAgr.Pr.=50 3.81 8.10 6.40 2.29 2.38 .87 1.11 .41 1.70
COXSTR. Agr.Pr.=30! 2.81 2.90 3.20 0.50 0.79 1.08 -0.21 0.09 0.38
COSTS= iAgr.Pr.=40! 4,02 4.3t 4,60 1.20 1.49 1.79 6.28 0.56 0.85
425 1 ‘Agr.Pr.=50! 5.43 5.72 8.01 1.90 2.20 2,49 0.73 1.02 1.32

: 0.564 0.94 1.23

DISCOUNT RATE: i WATER REQUIREMENTS = -50 I | WATER REQUIREMENTS = even | WATER REQUIREMENTS = 50 1

12 1 |So==szzzssosoTEISrsSTITSIISSEIIEITIIIISSSINIICESSSICIESCSISISIISSCSSSSSISSoSTITSISSISSTISISSS
€1.Pr.=10 €1.Pr.=20 El.Pr.=303E1.Pr.=10 E1.Pr.=20 El.Pr.=30MEl.Pr.=10 E1.Pr.=20 €1.Pr.=30
CONSTR. iAgr.Pr.=30 3.16 3.45 . 1.04 i. 1.63 ! 0.34 0.43 0.93
COSTS= 1Agr.Pr.=40 4.57 4.86 1.75 2.04 2.34 0.81 .10 1.40
-25 T ‘Agr.Pr.=30 2.45 2.75 3.04 3 1.28 {.57 {.87

CONSTR.'Agr.Pr.=30
C0STS= iAgr.Pr.=40
even Agr.Pr.=50

CONSTR. 1Agr.Pr.=20! 2.25 2.54 2.84
C0STS= lAgr.Pr.=40! 3.66 3.95
+25 1 iAgr.Pr.=501 5.07 3.36
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TABLE C-11: Net benefits of Alternative K

DISCOUNT RATE: i NATER REQUIREMENTS = -50 1 ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 I
81 H IS E R I TEEI ISR IR R I R eI X I IS ST IEIIISIISSSITISITIISSssssssIzzassras

El.Pr.=10 E1.Pr.=20 E1.Pr.=30:El.Pr.=10 El.Pr.=20 E1.Pr.=30!E1.Pr.=10 El.Pr.=20 El.Pr.=30

CONSTR. [Agr.Pr.=30 3.3 .13 4,02 1.78 0.45 0.74 1.04
COSTS= lAgr.Pr.=40 4.92 5.22 3.51 2.53 0.95 1.24 .53
-25 1 \Agr.Pr.=50 6. 41 6.71 7.00 2.98 . 1.44 1,74 2,03
ONSTR. (Agr.Pr. 2.9 3.28 3.57 0.73 1.04 1.34 0.00 0.30 0.5¢9

—
F-S
~0

0.50 0.79 .09

=30
0STS= 1Agr.Pr.=40
=50 1.00 1.29 1.39

even 1Agr.Pr.

i

ONSTR. i Agr.Pr.=30
C0ST5= 1Agr.Pr.=40
425 1 iAgr.Pr.=50

2.54 2.83 3.13
4.03 4.33 4.62
3.52 5.82 6.11

0.30 0.40 0.89
1.05 .34 1.64
1.79 2.09 2.38

-0.44 -0.15 0.1%
0.05 0.35 0.64
0.55 0.85 1.14

: 4.48 4,717 5.07 ! . 2.08
] 5.9 6.26 8,56 1 2.24 2.53 2.83

DISCOUNT RATE: i WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even ! MATER REQUIREMENTS = +50 I
101 ! -

El.Pr.=10 El.Pr.=20 E1.Pr,=301El.Pr.=10 El.Pr.=20 E1.Pr.=30E1.Pr.=10 E1.Pr.=20 El.Pr.=30
EOD:STR.:Aqr.PrﬁKOi 3.12 3.4 3.70 ¢ 0.88 1.17 1.47

1S= 1Agr.Pr.=40! 4,81 4.9 5.19 ! 1.62 1.92 2.2
-25 1 1Agr.Pr.=50: 6.10 6.39 6.69 1 2,37 2,86 2.96

’ ' 1

IgONSTR.:Agr.Pr.=30{ 2.5 2.86 3.15 0.33 0.62 0.92: -0.42 -0.12 0.17
0ST H

0.13 6.43 0.72
0.63 0.92 .22
1.13 1.42 1.72

S= IAgr.Pr.=40; 4.06 4.35 464 0 1.07 1.37 1.8 0.08 0.37 0.67
even 1Agr.Pr.=50: 5.55 5.84 6.14 ¢ 1.82 2.1 2.4 0.38 0.87 1.16

S - e et mcracncca e ' -

CONSTR. [Agr.Pr.=30! 2.01 2.3 2
C0STS= iAgr.Pr.=40; 3.5¢ 3.80 4.
425 1 iAgr.Pr.=50! 3.00 5.29 5

-0.22 0.07 6.37

: ~0.97 -0.67  -0.38
b 0.32 0.82 .11

-0.47 -0.18 0.12

1.27 1.56 1.86 0.03 0.32 0.61

DISCOUNT RATE: i WATER REQUIREMENTS = -50 I ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = 450 I

’2 I :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::: =SzZz==z=z=zz=z==
1E1.Pr.=10 E1.Pr.=20 E1.Pr.=30iEl.Pr.=10 E1.Pr.=20 E1.Pr.=30:E1.Pr.=10 E1.Pr.=20 El.Pr.=30

CONSTR. tAgr.Pr.=30: 2.80 3.10 3.39 ¢ 0.57 0.86 1.16 1 -0.18 0.12 0.4t
COSTS= iAgr.Pr.=40: 4.30 4.59 4.88 ! 1.31 1.61 1.90 4 0.32 0.61 0.91
=25 1 iAgr.Pr.=30. 5.79 6.08 6.38 ¢ 2.06 2,35 2,63 ) 0.82 111 1.40
CONSTR. 1Agr.Pr.=30: 44 2,74 8 -0.09 2 0.50 ¢ -0.83 -0.54 -0.24
JCOSTS= 1Agr.Pr.=40: L 4.23 3 0.66 0.95 1.25 1 -0.33 -0.04 0.25
even Agr.Pr.=50! 5.43 5.721 1.40 1.70 1.99 1 0.16 0.46 0.73
CONSTR. 1Agr.Pr.=10! 1.50 1.79 2.08 ! ~0.74 -0.45 =0.15 1 -1.49 -1.19 -0.90
COS1S= 1Agr.Pr.=40! 2.9¢ 3.28 3.58 4 0.00 0.30 0,359 i -0.99 -0.70  -0.40
+25 1 1Agr.Pr.=50: 4.48 .17 5.07 % 0.73 1.04 1.34 ) -0.49 -0.20 0.10
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TABLE C-1i12:

—

Net benefits of Alternative L

81

DISCOUNT RATE:

CONSTR. {Agr.Pr.

WATER REQUIREMENTS =

-50 1 7 MATER REQUIREMENTS =

even

i WATER REQUIREMEXNTS =

ST CIEISIRXIIIITITEIXTSIEZE=Sr=o

El.Pr.=10 E1.Pr.=20 €1.Pr.=30iE1.Pr.=10 €].Pr.=20 E1.Pr.=30'E1.Pr.=10 E1.Pr.=20 El.Pr.=

01

=30: 3. 14 3.44 3,731 0.78 1.08 1.37 1 -0.00 0.29 0.39
C0OSTS= Agr.Pr.=40. 4,72 S.01 5.30 ¢ 1.57 1.8 2.16 4 0.52 0.82 1.1
-23 1 iAgr.Pr.=50! 6.29 6.58 6.88 | .36 2,63 2.95 1 1.05 1.34 1.43
CONSTR. iAgr.Pr.=30: 2.52 2.81 .10 0.18 0.45 0.75 1 ~0.63 -0.33  -0.04
COSTS= iAgr.Pr.=40! 4.09 4.39 4,48 | 0.95 1.24 1.54 3 -0.10 0.19 0.49
even 1Agr.Pr.=50: 5.87 5.9% 6.25 1 1,73 2,03 2,32 0.42 0.72 1.01
CONSTR. 'Agr.Pr.=30! 1.90 2.19 2,49 -0.4b -0.17 0.13 1} -1.25 -0.95  -0.4b
COSTS= iAgr.Pr.=40: 3.a .76 4,06 ! 0.32 0.62 0.91 ¢ -0.72 -0.43  -0.14
+25 1 1Agr.Pr.=30: 3.04 3.34 5.83 1 1.1 1.40 1.70 : ~0.20 0.09 0.39
DISCOUNT RATE: i WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIREMENIS = +50 1
10 2 |===s====s=sssrsaznss === I=zIs=z==sssssaos = == sSzzITs=sssszsczzaszz=z=ss
1E1.Pr.=10 E1.Pr.=20 E1.Pr.=301E].Pr.=10 Ei.Pr.=20 E1.Pr.=30!E1.Pr.=10 EI.Pr.=20 El.Pr.=30§
CONSTR. 1Agr.Pr.=30} 2,70 3.00 .29 0.34 0.44 0.93 ! -0.44 ~0.15 0.14
JCOSTS= iAgr.Pr.=40: 4.28 4,57 4.86 ¢ 1.13 1.42 1.12.0 0.08 0.37 87
=25 1 \Agr.Pr.=50: 5.85 b.14 b.44 1.92 2.28 2.5 0.40 0.90 .19
iCOISTR.!Qgr.Pr.=30! 1.93 2,23 2,52 1 0.43 -0.13 0.16 1 -1.21 -0.92 -0,
COSTS= iAgr.Pr.=40! 3.3 3.80 4.09 ! 0.38 0.65 0.95 ¢ ~0.69 -0.40  -0.10
even iAgr.Pr.=50! 5.08 5.3 S.87 1.135 1.44 1.713 % -0.17 0.13 0.
CONSTR. iAgr.Pr,=30! Y 1.4 1.75 % -1.20 -0.90 -0.61 3 -1.98 -1.69 -1.40
C0STS= 1Agr.Pr.=40! 2.73 3.03 3.322 -0.41 -0.12 0.18 : -1.46 -1.17 -0.87
1 +25 1 (Agr.Pr.=50! 4,31 4.60 4,90 % 0.37 0.47 0.96 ¢ -0.94 -0.64  -0.35
DISCOUNT RATE: i WATER REQUIREMENTS = -50 1 ' WATER REQUIREMENTS = even | WATER REQUIREMENTS = 450 1
12 z : e I N e e Tt Tttt it et et A P P P P 3 E S P F  E P PP ST F S T ¥ 2]
1El.Pr.=10 El.Pr.=20 E1.Pr,=30iEl.Pr.=10 E1.Pr.=20 El.Pr.=30'El.Pr.=10 El.Pr,=20 El.Pr.=30
CONSTR. iAgr.Pr.=301 2.2 2,56 2.86 1 -0.09 0.20 0.50 1 -0.88 -0.58 -0.2%
COSTS= iAgr.Pr.=40; 3.84 4,13 4,43 ¢ 0.69 0.99 1.28 § -0.35 -0.06 0.23
-25 1 1Agr.Pr.=50} 5. 41 3.71 6.00 : 1.48 1.77 2.07 1 0.17 0.44 0.7%
CONSTR. iAgr.Pr.=30: .2 1.65 1.9¢ ) -1.01 -0.7% -0.42 1 -1.7¢% -1.50 -2
C0S1S= iAgr.Pr.=40! 2,93 .22 .51 -0.22 0.07 0.37 1 -1.27 -0.98 -0.68
even Agr.Pr.=50! 4.50 4,79 5.09 ¢ 0,57 0.8¢ 1,151 -0.75 -0.45 -0.18
CONSTR. iAgr.Pr.=10) C.44 0.73 : -1.92 -1.83 -1 2.1 -2.42 -2.12
C0STS= iAgr.Pr.=40: 2.0t 2.30 H -1.14 -0.84 -0,55 1 -2.1% -1.8% -1.60
425 1 1Agr.Pr.=500 3.358 3.88 H -0.35 -0.06 0.24 -1.66 -1.37 -1.07
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TABLE C-13:

vt

Net benefits of Alternative M

DISCOUNT RATE:

]
»

WATER REQUIREMENTS =

=50 1 . WATER REQUIREMENTS = even

+ NATER REQUIREMENTS =

+30 1

8 1 : B s e e R e e Y it R e P P P E F P P R S R P P P S P T o s

1E1.Pr.=10 E1.Pr.=20 €1.Pr.=30E1.Pr.=10 E1.Pr.=20 El.Pr,=301€El.Pr.=10 E1.Pr.=20 El.Pr.=30
CONSTR. tAgr.Pr.=30. 3.52 4,00 4.49 0 1.29 .77 2.26 1 0.54 1.03 1,31
COSTS= iAgr.Pr.=40! 3.01 5.49 5.98 % 2.03 2.5¢ 3.00 ¢ 1.04 .52 2.01
-25 1 iAgr.Pr.=50! 6.50 6.98 7.47 1 2.1 3.28 374 1 1.53 2,02 2.3
CONSTR. tAgr.Pr.=30! 3.04 .53 4.01 1 1 1.29 1.78 1 0.08 0.55 1.03
COSTS= iAgr.Pr.=40: 4.33 5.01 5.50 ¢ 1.55 2.04 2.52 1 .36 1.04 .33
even [Agr.Pr.=50! 8.02 6.50 6.99 ! 2,30 2.78 3.27 1.06 1.54 2.03
JCONSTR. tAgr.Pr.=30: 2.56 3.05 3.53 % 0.33 0.82 1.30 1 -0.41 0.07 0.56
COSTS= iAgr.Pr.=40; 4.05 4.5¢ 3.02 ! 1.07 .56 2.04 ¢ 0.08 0.57 1,05
+25 1 iAgr.Pr.=50; 5.54 6.03 6.51 1 1.82 2.30 2.719 ¢ 0.8 1.06 .35

)

DISCOUNT RATE:

WATER REDUIREMENTS = -50 I ! WATER REQUIREMENTS = even | WATER REQUIREMENTS = +50 I

121

CONSTR. 1Agr.
COSTS= iAgr.
-25 1 \Agr.
CONSTR. 1Agr.
COSTS= 1Agr.
even LAgr.
CONSTR. iAgr.
COSTS= iAgr.
425 1 iAgr.

1.58
2.33
3.07

-0.13
0.37

10 1 tzzzzszs2=s=z==zs=zss=s z=z== 2zz=ss=z zz=z
1E1.Pr.=10 El.Pr.=20 E}.Pr.=30iE1.Pr.=10 El.Pr.=20 E1.Pr.=301El.Pr.=10 El.Pr.=20 El.Pr.=30
CONSTR. iAgr.Pr.=30! 3.18 3.67 4,15 % 0.93 1.4 1.92 ¢ 0.20 0.49 .
COSTS= iAgr.Pr.=40! 4,67 S.13 5.64 | 1.69 2.1 2.66 ¢ 0.70 1.18 .
-25 1 iAgr.Pr.=50! 6.16 6.64 7.13 2.4 2.9 3.4 1.20 1.48 ]
CONSTR. iAgr.Pr.=30: .39 3.07 3.56 1 0,36 0.84 1.33 1 -0.39 0.10 0.58
COSTS= iAgr.Pr.=40! 4.08 4.56 5.05 1 1.10 1.59 2.07 ¢ 6.1t 0.5¢9 1.08
even iAgr,Pr.=50! 5.57 8,05 6.54 | 1.83 2.33 2.82 1 0.40 {.09 1.9
CONSTR. Agr.Pr.=30! 2,00 2.48 2,971 -0.23 0.25 0.74 | -0.98 ~0.49  -0.01
COSTS= iAgr.Pr,=40; 3.9 3.97 .46 0 0.51 1.00 1.48 | -0.48 0.00 0.49
+25 1 iAgr.Pr.=50: 4.98 5.46 5.95 8 1.26 1.74 2.22 ) 0.01 0.50 0.98
DISCOUNT RATE: i WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIREMENIS = 50 1
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TABLE

C-14: Net benefits of Alternative N

81

DISCOUNT RATE:

¢ WATER REQUIRENENTS = -30 1 ! WATER REQUIREMENTS = even . WATER REQUIREMENTS = 450 I

ONSTR. }Agr.Pr.

=301 3.50 3.98 .48 2 1.26 L. .22 0.52 1.00 1.48

0S7S= iAgr.Pr.=40; 4.99 5.47 5.95 1 2.49 2.97 % 1.0t 1.49 1.97

=25 1 lAgr.Pr.=30: .48 b6.96 7.44 1 3.23 3.7 1.3 1.99 2.47

OXSTR. |Agr.Pr.=30! 3.0l 3.49 3.971 0.78 1.26 174 4 0.03 0.51 0.99

COSTS= iAgr.Pr.=40; .30 4.98 5.46 1 .52 2.00 2.48 ; .33 1.0t .49
even Agr.Pr.=50; 5.99 .48 6.98 1 .27 2.75 AR 1.02 1.50 1.9

CONSTR, 1Agr.Pr.=30! 2.33 3.0t 3.49 1 0.29 0.77 1,251 -0.46 0.02 0.5t
C0ST8= iAgr.Pr.=40! 4,02 4.50 4.98 ¢ 1.04 1.52 2.00 ! 0.04 0.52 1.00
425 1 1Agr.Pr.=50! 5.5t 3.9¢ 8.47 1 . 2.26 2.4 ¢ 0.54 1.02 1.%

DISCOUNT RATE: ! WATER REQUIREMENTS = -50 1 | WATER REQUIREMENTS = even | WATER REQUIRENENTS = +50 I

10 1 B e e E R LR e 8
\El.Pr.=10 El.Pr.=20 Ei.Pr.=30El.Pr.=10 El.Pr.=20 El.Pr.=30.E}.Pr.=10 El.Pr.=20 £1.Pr.=30
iCOﬂSTR.:Aqr.Pr.=30§ 3.15 3.83 4111 0.92 1.88 % 0.17 0.65 1.13
COSTS= iAgr.Pr.=40: 4.6 5.13 S.61 4 1.66 . 2.62 ¢ 87 {.15 1.63
-25 1 iAgr.Pr.=50! 6. 14 6.62 ; 2.44 . 3.371 1.17 1.85 2.13
CONSTR. 1Agr.Pr.=30! 2.55 3.03 3.50 1 0.32 0.80 1.28 ¢ -0.43 0.05 0.33
COSTS= [Agr.Pr.=40! 4.04 4.53 5.01 % .06 1.54 2.02 | 0.07 0.55 1.03
even 1Agr.Pr.=50) 5.54 6.02 8,50 1 1.81 .29 .77 0.57 1.05 1.33
CONSTR. {Agr.Pr.=30! 1.95 2.483 2,91 -0.28 0.20 0.68 } -1.03 -0.55  -0.07
JcosTS= 1Agr.Pr.=40: 3.44 3.93 410 0.46 0.94 1.42 3 -0.53 -0.05 0.43
+25 1 tAgr.Pr.=50: 4,94 5.42 5.90 ¢ 1.21 1.69 2.17 1% -0.04 0.43 0.93
DISCOUNT RATE: i WATER REQUIREMENTS = -50 1 } WATER REQUIREMENTS = even | WATER REQUIREMENTS = 50 1
12 z ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: -+ -4 A Y
1E1.Pr.=10 E1.Pr.=20 El.Pr.=30:EL.Pr.=10 E1.Pr.=20 E1.Pr.=303E1.Pr,=10 E1.Pr.=20 E1.Pr.=30
CONSTR. 1Aqr.Pr.=30: 2.81 3.30 3.78 ! 0.58 1.06 1.54 3 -0.17 0.3t 0.79
C0STS= ‘Agr.Pr.=40; 4.31 4.79 5.27 1.32 1.80 2,28 % 0.33 0.81 1.29
=25 1 1Agr.Pr,=50: 5.80 6.28 6.78 1 2,07 2.5% 3.03 % 0.83 .31 {.79
CONSTR. tAgr.Pr.=20: 2.10 2.5 3.06 1 -0.13 0.35 0.87 1 -0.88 -0.40 0,08
C0ST5= 'Agr.Pr.=40! 3.59 4.07 4.35 0 0.61 1.09 1.57 1 -0.38 0.10 0.58
even Agr.Pr.=50. 5.08 5.56 6.05 1 1.36 {.84 2,32 0.11 0.59 1.07
CONSTR. JAgr.Fr,=301 1,39 1.87 2,351 -0.83 -0.37 0.11 3 -1.59 -1.11 -0.43
C0STS= [Agr.Pr.=40. 2.88 3.2 3.84 0 -0.10 0.38 0.85 ! -1.10 -0.62 -0.14
425 1 Agr.Pr.=50 4.37 4.85 5,331 0.64 1.12 1.60 1§ -0.60 -0.12 0,36
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