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INTRODUCTION

Many cities and industries are faced with the
problem of planning wastewater treatment for a
growing society. The 1972 Amendments to the
Federal Water Pollution Control Act (PL 92-300)
have made the job more difficult by requiring that
the publically owned treatment works meet effluent
standards equivalent to secondary treatment by July
1, 1977. Application of the best practical technology
is required by July 1, 1983. These higher effluent
standards will necessitate the expansion and upgrad-
ing of many existing wastewater treatment plants.
Large capital investments will be required for new
plants to be built to meet both the required hydraulic
capacity and the required effluent standards.

In the eardy 1970's it was estimated that $15
billion would be spent on capital expansion of the
United States municipal wastewater treatment sys-
tems (Wanielista and Bauer, 1972). Poor planning can
result in the construction of an unnecessarily expen-
sive, non-optimal, system. The rapidly increasing
costs of construction, the increasing complexity of
the treatment processes, and the limited availability
of capital for investment has focused attention on the
need for better planning of wastewater treatment
systems.

In many urban areas there are several treatment
plants which might be phased out to provide for a
much larger regional plant with improved economies
of scale in both capital and operation and
maintenance costs. The construction and operation of
small, randomly placed, wastewater treatment plants
is generally accepted as being inefficient and expen-
sive. Also in a large plant, operators are generally
better qualified and the plant itself is large enough to
dampen any short term operational problems.

The general purpose of this research is to
present some criteria and a method which can be used
to evaluate the timing and capacity expansion deci-
sions for wastewater treatment facilities. The term
capacity has been taken to mean both the hydraulic
capacity and the level of treatment efficiency. The
procedure consists of selecting the combinations of
treatment plants and treatment levels that best meets
the desired objectives at the lowest future discounted
cost. The number of alternative combinations in-
creases rapidly as the number of treatment plants and
treatment levels increase. The determination of the

true optimal alternative would require the examina-
tion of an unrealistically large number of possible
combinations, however, the number of feasible alter-
natives tend to be limited by practical economic and
design considerations, such as available treatment
plant sites, geographical layout, and water quality
regulations. Although the term “optimal” is used
throughout this report, it should be understood that a
best guess and not a true global optimal is being
achieved.

Planning for an anticipated, persistent growth
in load on treatment systems can be handled by an
expansion policy which minimizes the total dis-
counted future costs of a selected number of alterna-
tive treatment schemes. This would be considered an
optimal staging policy. This policy quantifies the
opposing effects of the economies of scale and the
discount rate on the cost of construction and the cost
of operation, maintenance, and replacement of a
project over time. Although there are many other
facets to be considered in project development in
addition to economics, it is a fundamental part of
engineering design and analysis, and it cannot be
overlooked.

Among the factors affecting the staging policy
are: (1) Quantity and quality of wastewater and its
change with time; (2) the rate of inferest and the rate
of inflation; (3) the capital and the operation,
maintenance, and replacement costs; (4) the treat-
ment efficiencies; (5) the economies of scale; (6) the
excess capacity; and (7) the service life.

Many types of engineering systems have been
analyzed by the use of system analysis. These
methods have been applied in recent years to the
design and analysis of wastewater treatment systems
and processes. The use of a mathematical computer
model is often the only way to quantify the specific
interrelationships of real life problems. With a model
it is possible to abstract the economic and technical
relationships from the many complexities involved in
the planning processes, and to provide an insight into
the planning decisions. However, a model does not
take the place of a detailed analysis of the problem,
but rather allows the analysis of many more alterna-
tives than normally feasible. The validity of a model
depends upon the validity of the input data and of
the assumptions used to prepare the model. A



properly designed model can make both a technical
and an economic evaluation of available alternatives.

The destination of the effluents from most
treatment plants is into a stream or lake. Depending
upon the location, quantity, and quality of this
effluent discharged, the receiving body of water may
or may not be able to assimilate the residual pollution
content. In some cases, there may be a savings
incurred by using the assimilative capacity of the
receiving body of water to meet stream standards
rather than using a treatment plant to meet effluent
standards. The optimization model of this study
provides the economic effects of various timing and
capacity expansion decisions necessary to meet dif-
ferent effluent quality standards,

The purpose of this research was to develop an
economic decision model to be used as a2 management
and planning tool by regional and local planners for
the sequential expansion, upgrading, and regionaliza-
tion of wastewater treatment plants at a minimum
total discounted future cost. The analysis included
the projected populations, wastewater quality and
quantity, treatment efficiency requirements, interest
rates, inflation rates, construction costs, operation,
maintenance, and replacement costs, economies of
scale, excess capacity, and service life. An analysis of
the wastewater treatment needs of the Lower Jordan
River region of Salt Lake and Davis Counties in Utah
was made with the model using the available data.
These results were subjected to a sensitivity analysis
of the input parameters.



LITERATURE REVIEW

Review of Optimization Models

There are a variety of mathematical modeling
techniques that have been used to find the least cost
combination of wastewater treatment facilities in a
river basin. Models have also been used to design the
combinations of unit processes in an individual
treatment plant to achieve desired treatment
efficiencies at a minimum cost. This is a brief survey
of the types of modeling techniques in current use
and the application of some of these techniques to
the optimization of wastewater treatment systems.
The survey is in no way complete, but rather provides
direction to the formulation of this problem.

Linear programming

Several programming techniques have come
into common use in the last two decades. The most
common of these is linear programming which is used
to solve a set of linear equations (Dantzig, 1963
Hadley, 1962a). This method is able to handle large
numbers of variables and constraints and obtain a
global optimum as long as the system can be
described by linear functions. However, water
resources systems and wastewater treatment systems
generally have concave or other nonlinear forms of
cost equations. This is due to economies of scale or
discontinuities of the equations. The use of separable
programming methods to break the cost equations
into linear segments has been used successfully, but
increases the computation time in proportion to the
number of linear segments used to represent the
original equations.

Nonlinear programming

Nonlinear programming has been used to more
accurately represent the cost functions (Hall and
Dracup, 1970; Hadley, 1962b; Kuhn and Tucker,
1950). Several forms have been developed based on
differential calculus methods and gradient search
procedures. Although the gradient method is very
powerful, it is difficult to use for routine analysis.

Dynamic programming

Dynamic programming was developed for deal-
ing with sequential-decision processes. It is based on
Bellman’s Principle of Optimality (Beliman and
Dryfus, 1962), which states that “an optimal policy

has the property that, whatever the initial state, and
initial decision are, the remaining decisions must
constitute an optimal policy with respect to the state
resulting from the first decision.” It is not restricted
by any requirements of linearity, convexity, or even
continuity (Bellman and Dryfus, 1962; Hall and
Dracup, 1970; and Hadley, 1962b). While linear
programming has a standard formulation of equations
and a standard computer solution package, dynamic
programming only provides a general systematic
procedure for the determination of the optimal
decisions. A particular set of equations must be
developed for each individual application. Dynamic
programming is well suited for many water resources
problems because they possess definite sequential-
decision characteristics both in time and space or
location. A shortcoming of dynamic programming is
the need to keep the dimensionality of the decision
variables as small as possible, preferably less than two,
to keep the computation time to a reasonable limit,
Although this will limit the use of dynamic program-
ming in some cases, ingenuity can often find ways of
meeting the requirements of the logic and the
prnciples of optimality in full, even though the
requirements are not strictly met.

Integer programming

The operational problems of the existing
modeling techniques has led to the rapid development
of integer programming in the past few years (Balas,
1965; Geoffrion, 1966; Glover, 1965; Gomery, 1963;
Haldi and Isaacson, 1962; Hu, 1969; Trauth and
Woolsey, 1969; Watters, 1967, and Woolsey,
Holcolm, and Ryan, 1969), This method has been
applied to problems where the required results are
integers, such as the selection of treatment levels. As
in linear programming, the original integer program-
ming formulation required the data to be linear. This
problem has been overcome by the development of
methods where the variables may take on only the
value of zero or one, and allows the use of nonlinear
equations. This method has been referred to as
implicit enumeration technique (Balas, 196S5;
Geoffrion, 1966; and Glover, 1965). Care must be
taken in the selection of the initial conditions for the
model to prevent an exhaustive search of all possible
alternatives. Proper formulation of this method can
make it a useful tool. Other types of optimization
modeling methods are available but they are not in
common use in the water resources and wastewater
treatment systems.
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Decomposition methods

Many of the systems that have been modeled
are too large and too complex for direct optimiza-
tion. Decomposition and multi-level approaches have
been developed that permit the use of the different
programming methods to solve parts of a model prior
to optimizing the entire model (Dantzig and Wolfe,
1961; Haimes, 1971; Haimes, 1972a; Haimes, 1972b;
and Haimes, Kaplan, and Husar, 1972). The concept
of the multilevel approach is based on the de-
composition of large scale and complex systems and
the subsequent modeling of the systems into in-
dependent subsystems. The decomposition may be of
several types such as: (1) Geographical-political base
decomposition (e.g. cities, counties, collection areas,
etc.}, (2) time base decomposition (e.g. hours, days,
weeks, months, vears, etc.), (3) model base de-
composition {e.g. optimization, simulation, etc.}, or
(4) decision base decomposition {e.g. automatic
computer control, manual policy control, etc.). Each
subsystem can be optimized separately and in-
dependently using whatever modeling technique is
most appropriate. This is called a first level solution.
The subsystems are then joined together by coupling
variables and manipulated by a second level con-
trollers in order to obtain an optimal solution for the
entire system. A third level may consist of the policy
making body which establishes the constraints or
standards to be obtained. Each type of problem must
be analyzed to select the best method of decomposi-
tion and the levels to be used.

Applications of models

The above described modeling techniques have
been applied to both water and wastewater treatment
systems by a number of investigators (Table 1). The
basic objectives and methods used are discussed in the
following section. While these examples by no means
include all the work that has been done, they are
indicative of the approaches that have been applied to
data to minimize the cost of water resources, water
treatment, and wastewater treatment systems.

There are several factors that may be con-
sidered in the optimization of a treatment system.
When the design objectives are defined in terms of a
least cost approach, some cost minimization para-
meters are required. These may be hydraulic treat-
ment capacity and treatment levels. Evenson, Orlob,
and Monser (1969) defined some of the typical
pararneters to be considered in the determination of
treatment levels. They are biochemical oxygen de-
mand, BOD; chemical oxygen demand, COD;
suspended solids, $S; nutrient removal; and solids
treatment. This is only a partial list of the possible
parameters that are subject to regulation and removal.

While it is desirable to minimize the cost with respect
to all of these, the problem becomes very complex.
Therefore, BOD is commonly chosen as the main
parameter.

Lynn, Logan, and Charnes (1962) were among
the first to apply the echniques of system analysis to
the design and analysis of wastewater treatment
systems or processes. Linear programming was used
to find the combinations of unit processes that would
feast expensively remove a given amount of BOD.
This method was restrictive in that the constraints
had to be linear or combinations of linear segments.

A further application of system analysis was
made by Lynn (1964) using linear programming to
determine the stage development of wastewater treat-
ment systems over time. The objective of this stage
development solution was to minimize the treatment
cost throughout the history of the project. Popula-
tion growth, treatment requirements, availability and
cost of borrowed funds, and other investment
opportunities were considered for each time in-
crement. The solution for this problem indicated the
type and increment of treatment to be constructed,
the amount of funds available, the amount of funds
needed to be borrowed, a per capita service charge,
and the schedule for investment of funds, for each
increment of time.

Deininger and Su (1973) applied a linear
programming formulation using Murty’s (1968)
ranking extreme point approach to obtain an optimal
solution to a planning problem involving a number of
communities and/or industries in a geographical area.
The following questions were considered: Where
should treatment plants be built, how many, at what
time, and which intercepting sewers are necessary to
connect the municipalities and industries to these
plants, such that the total cost of wastewater collec-
tion and treatment is a minimum?

Marsden, Pingry, and Whinston (1972) applied
the production theory to determine the optimal
design of waste treatment facilities. The production
function, in economic theory, is a mathematical
statement relating quantitatively the purely tech-
nological relationships between the output of a
process and the inputs of the factors of production.
The inputs were divided into groups of similar cost
characteristics and a nonlinear programming model
was formulated to find the minimum BOD level
possible under any possible combinations of inputs.
The use of the production function compacted the
system through the elimination of nonoptimal
alternatives, and allowed a simplification of the
model.



Fable 1. Applications of optimization models.

Programming

Method Purpose of Optimization References
Linear Least cost combination of unit processes to remove a given Lynn, Logan, and
amount of BOD Charnes (1962}
Linear Stage development over time of wastewater treatment systems Lynn (1964)
Linear Least cost of wastewater collection and treatment andstaging Deininger and Su
of construction for a region (1973)
Nonlinear Least cost combination of inputs to production function to Marsden, Pingry, and
remove BOD Whinston {1972}
Nonlinear Least cost regional wastewater planning Young and Pisano {1970)
Dynamic Sequential capacity expansion of plants Kirby (1971)
Dynamic Multistage capacity expansion of water treatment systems Hinomeoto (1972)
Dynamic Least cost combinations of unit processes to remove a given Evenson, Orlob, and
amount of BOD Monser (1969}
Dynamic Serial multistage system of industrial waste treatment for BOD Shih and Krishnan (1969)
Dynamic Minimum total annual cost to meet given treatment Shih and DeFilippi
requirements (1970)
Dynamic Sequencing of water supply projects to meet capacity require- Butcher, Haimes, and
ments over time Hall (1969)
Approximate Capacity expansion of large multi-location wastewater Erlenkotter (1973)
& Incomplete treatment systems
Dynamic
Integer Location and size of wastewater treatment plants and trunk Wanielista and Bauer
sewers (1972)
Integer Least cost selection of treatment levels to meet river quality Liebman and Marks
standards using zones of uniform treatment level (1968)
Nonlinear Minimization of overall regional treatment costs to meet Haimes (1971)
Decomposition desired river quality standards. Determination of Haimes (1972a)
& Multilevel effluent charge pricing level Haimes (1972b)
Approach Haimes, Kaplan, and
Husar (1972)

Young and Pisano (1970} demonstrated the use
of nonlinear programming to find the least cost mix
of alternatives to satisfy future water demands in a
region. The mode!l considered surface water, well
water, water reclaimed by electrodialysis and de-
salination, and water recycled from wastewater. A
network of pipelines was developed fo transport the
waters between sources and destinations. Optimizing
the network required that the relative cost of
supplying water by each alternative and iis con-
comitant trapsmission costs be identified for each
level of projection and that the minimum cost
solution be selected. The nonlinear programming
method used to find the minimum was a long step
gradient method called the method of feasible direc-
tion.

Kirby (1971) considered an optimal sequential
capacity expansion madel using a dynamic program-

ming algorithm which treats an nexpansion problem
of 2n decision variables as an n-stage decision process.
It was assumed that: Capacity expansion was step
function, plants had an infinite life, there was no lead
time for construction, and economies of scale exist
for plant investment costs. The optimal policy was
found to be one in which the expansions are of equal
size. Since the reliability of demand forecasts de-
crease with the length of the planning interval, it
should be used parametrically. Their results also
indicated that if short term forecasts are reliable,
good estimates can be made for the optimal size of
the first plant expansion.

Hinomoto {1972} applied dynamic program-
ming methods for the multi-stage capacity expansion
of a municipal water treatment system. This model
determined the sizes of new treatment plants and the
times that the new plants are added to the system.



Both the capital and operating costs of these plants
are given by concave functions reflecting economies
of scale available with an increase in capacity. The
optimal solution was determined by minimizing the
discounted present value of the capital and operating
costs associated with new plants added to the system
and the permanent chains of their successors.

Evenson, Orlob, and Monser (1969) developed
a technique for the determination of the best in-plant
treatment system using dynamic programming. Their
objective was to find the least costly combination of
treatment components to remove a specific amount
of BOD. Sensitivity testing was used to determine
how sensitive the minimum cost solution was to the
assumed economic parameters, how the choice of
unit processes is influenced by the changes in the
economic parameters, and what the difference in cost
between the least-costly and the next most attractive
choice.

Shih and Krishnan (1969) presented an applica-
tion of dynamic programming for the system
optimization of an industrial wastewater treatment
design. A decision inversion method for two-point
boundary value was utilized for the optimization
procedure of the serial multi-stage system. The model
identified the optimum combinations and efficiencies
of the various unit processes in a multi-stage treat-
ment plant meeting the ultimate design requirements.
BOD was used as the optimization parameter.

Shih and DeFilippi (1970) used dynamic pro-
gramming to identify the optimum combinations and
efficiencies of various unit processes in a multi-stage
wastewater treatment plant. The model identifies the
least cost unit processes which are required to meet
design criteria. The decision inversion method was
used because the two boundary conditions, effluent
and influent gquality, were fixed. The method allowed
the optimum design of the entire plant as a unit
rather than designing each unit process individually.

Butcher, Haimes, and Hall (1969} applied
dynamic programming to determine the optimal
sequencing of water supply projects. The model
related the effects of the economies of scale of
construction to determine the series of plants that
would need to be built to meet water needs over time
at a minimum cost.

Erlenkotier (1973) developed a model for
capacity expansion planning of large multilocation
systems using approximate and incomplete dynamic
programming approaches. The model was applied to a
production industry with linearly increasing demands,
variable operating and distribution costs, and
economies of scale in capacity expansion costs. The
optimum solution was determined by minimizing the
total discounted costs for investment, operation, and
distribution.

Waniclista and Bauer (1972) applied an integer
programming algorithm to plan the Jocation and size
of wastewater treatment plants and trunk sewers in a
river basin. A network was developed with all
practical connections made by interceptor sewers
between one existing or proposed treatment plant
and another. The optimum alternative was deter-
mined by the minimization of the present value of
the initial construction costs and the sum of the
discounted future costs of the first year operation,
replacement, and maintenance costs over a 20 year
planning period. The system component cost curves
were taken to be piecewise linear approximations.

Liebman and Marks (1968) applied Balas
algorithm of the integer programming formulation to
provide the desired river quality at the least overall
cost to the region. However, zones of uniform
treatment were defined such that one contributor did
not have to pay more than his share of the treatment
costs. A linear input-output model was defined by
dividing the stream into homogeneous sections. Using
the physical parameters of flow, reacration rate,
decay rate, and diffusion rate, a matrix was con-
structed which showed the change in water quality in
any section due to unit change in waste input at some
point. Although the quality can be measured in any
parameter, dissolved oxygen was used by this model.
A cost-minimization solution was obtained by in-
tegrating location and unit cost of removal of waste
to obtain overall least cost. The solution for this
problem was essentially found by direct enumeration
of all possible combinations, except that a partial
solution is abandoned if a higher cost is indicated. By
proper selection of initial conditions, it was found
possible to minimize the computation time required
for the model.

Haimes (1971) applied the multi-level approach
to develop a general mathematical model to represent
a system of treatment plants discharging the pollution
effluent directly into the river. The water quality was
represented by several variables such as BOD, DO,
pH, conductivity, temperature, algae, phosphates, or
nitrates. The system was decomposed into several
reaches, and an overall cost function for treatment
was determined. Each treatment plant or pollution
source sub-optimizes its cost between its own treat-
ment costs, costs to treat at 4 regional plant, and an
effluent charge for direct discharge of varous
qualities of effluent. The regional authority, or
second level controller imposes a price, represented
by a Lagrange Multiplier, on the subsystems as an
effluent charge. The objective is to minimize the cost
of the overall system. Similar formulations were also
presented in other papers (Haimes, 1972a; Haimes,
1972b; and Haimes, Kaplan, and Husar, 1972). These
contained variations of the approach applied to a
number of modeling problems.



Review of Capacity Expansion Models

A basis for the optimal staging for expansions
or replacements of wastewater treatment plants and
sewerage transportation systems is found in the
“Optimum Overcapacity” principles developed by
Chenery (1952) for the expansion of production
facilities. An optimum relationship was developed
between excess capacity and load or output that was
a function of the economy of scale, the discount or
interest rate, the planning period, and the rate of
increasing demand when a production function and a
forecast of load over time had been established. The
plan that minimized the discounted total costs was
the optimum plan. Excess capacity was defined as the
amount of possible production exceeding the present
load.

Mathematical formulations of Chenery’s work
in terms of optimum excess capacity has been
prepared by Manne (1961). He developed the basic
data for a model and utilized it to establish the design
criteria for the optimum excess capacity.

Rachford, Scario, and Tchobanoglous (1969)
applied the model developed by Manne to wastewater
collection and treatment systems with the objective
of determining the capacity expansion policy which
would best meet the demand at all times at a
minimum cost. The following conditions were re-
quired by the models:

1) Deterministic, linearly increasing quantity

of wastewater

2)  EBconomies of scale, constant over time

3} Income structure a linear function of

quantity of wastewater

4}  Continuous discount factor

5)  Infinite penalty costs

6) Interest rates reflect the true cost of

money

7)  Aninfinite time period

The theory of the model is that a design
capacity can be determined that will provide the
minimum present worth of all discounted future
costs. The application of this model is shown in
Figure 1 where x units of capacity are added
whenever load or quantity of wastewater equals
existing capacity, and where D represents the rate of
increase of load during time period t. The total load is
projected linearly with respect to- time and the
installed capacity is shown as a step function with
equal time intervals and capacity expansions.

The construction cost for a single capacity
increment of size X at the present time is given by the
concave cost function:

CX) = k(X (k> 0;0<a<). . . (1)

in which
C(X) =  present cost
k = cost coefficient
X = increment of size, Dt
a = economies of scale

The present worth of adding Dt units of
capacity over an infinite number of periods of equal
time t is given by

a
C@dt) = kDOT 2
1-¢™
inn which
C(Dt)= present worth of discounted future

costs
discount factor or interest rate
time period between additions, yr

T
t

0o

The present worth, C(Dt), is minimized by
taking the logarithms of both sides of Equation 2,
differentiating and setting the resulis equal to zero.
The minimum value of C(Dt) can be determined for
differing conditions defined by the right hand side of
Equation 2.

- 4 rec .
= 5 0 &)

d
7 [log C(DV)]

Hereafter, optimal values of t and C(Dt) are
denoted by the use of an asterisk as a superscript.
Equation 3 was solved for the optimal time phasing,
t¥*, to find the minimum cost capacity expansion
program. It was assumed that t* is independent of D
and is governed by a and r alone (Singh and
Lonnquist, 1972). By varying the values of a,r,and
t* in Equation 4, the relationships shown in Figure 2
were developed.

in which
t* = optimum design period, yr
r = annual interest rate
a = economies of scale

Rachford, Scarto, and Tchobanoglous (1969)
point out that increasing the economies of scale,
indicated by decreasing the value of a, will result in
an increased plant size to achieve optimality, while
increasing the interest rate decreases the optimum
time, t*, and size, Dt*.
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Figure 1. Time growth of demand and installed capacity (after Rachford, Scarto, and Tchobanoglous, 1969).
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The basic equation for concave costs given in
Equation ! is not an accurate representation for all
costs found in a wastewater treatment plant accord-
ing to the data established by Smith (1968). There
are several different forms of equations representing
the construction cost of the various components of a
wastewater treatment plant. Each is a function of the
design parameters of that component. Rachford,
Scarto, and Tchobanoglous (1969) derived optimum
capacity expansion equations for each of these cost
equations {Table 2).

Table 2. Optimum capacity-expansion models (after
Rachford, Scarto, and Tchobanoglous,
1969).2

Number  Equation Type Derived Result

These equations do not affect the basic
principles behind the capacity expansion model. The
curves shown in Figure 2 are valid only for Equation
1 in Table 2, however, similar cost curves can be
developed for each equation. The use of an optimum
capacity expansion model requires that current reli-
able cost data be used to make the model valid.

The optimal cost function, C(Dt*), provides
further insight into the effects of the optimization of
capacity expansion. The cost ratio, C(Dt¥)/k, for
various optimal times and a given set of parameters,
a and r is shown in Figure 3. The flat curves shown
in Figure 3 indicate the relative insensitivity of the
cost ratio to changes in the decision variable, t*. This
indicates that even a very substantial error in the
forecasting parameters may not lead to an extremely
bad choice of capacity increment. As the cost of
capital is increased the total costs do become more
sensitive to the capacity increment.

This type of analysis can be used to determine
the capacity expansion policy of the entire treatment
plant or of the individual unit processes. The cost

i function for the entire facility is the weighted average

of the umit component costs, each of which are
unique.

Other types of demand functions are possible
other than the linear form required by Rachford.
Manne (1961) assumed that no backlogs were pos-

i gible, or that the cost of not treating all the

I C=ke? 0=
2 C(x)=a +kx® a :%
3 Clx) = ax + kx® “:;%?‘i’f"
4 Cx)=a+bx+ix® a”%'l
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Figure 3, Discounted cost ratio (after Rachford, Scarto, and Tchobanoglous, 1969).
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wastewater was infinite, and applied a probabilistic
growth of demand. He found that the optimal level
required a higher expected discounted cost and also
the installation of somewhat larger increments of
plant capacity than would have been required for a
linear growth equal to the expected value of the
probablistic growth.
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Srinivasan and Manne (1967) considered the
case of a constant geometric growth rate of demand.
The optimal increment of capacity was found to be
geometrically proportional to time and required the
installation at equally spaced time points. The more
general case of arbitrarily increasing demand has been
considered by Veinott and Manne (1967).



MODEL THEORY

The determination of the optimal combination
of treatment plants, treatment levels, and trunk
sewers over a planning horizon that is experiencing
increasing rates of interest and inflation is best
handled by the use of a dynamic programming model.
This method is well suited for problems that involve
sequential decisions, but is limited when more than
two decision variables are used. Normally, a problem
of such a large scale as the optimization of treatment
systems would not be amenable to dynamic program-
ming; however, in this case a special decomposition
procedure was developed. The entire optimization
problem was decomposed into sub-optimizations of
each of the alternative treatment systems for each
year to produce a single cost parameter for each
alternative that could be used to optimize the entire
system. Since the costs in question will be incurred at
a variety of different times in the future, the term
cost refers to the sum of equivalent present, or
discounted, values of the future costs of building,
expanding, or upgrading the treatment plants and
trunk sewers, and the costs of the operation and
maintenance of the entire system.

The discussion of the model is presented in
three steps. The first of these is the generalized
overview of the model as presented in Figure 4.
Following this is the mathematical formulations of
the input data and the sub-optimization steps of one
alternative, shown as subheadings in Figure 4. The
concluding portion is a discussion of the optimization
of the model through dynamic programming.

Generalized Approach to Problem

A brief overview of the entire model can be
represented by several generalized concepts shown in
Figure 4. The initial state of the system is represented
by the capacity, capital debt, and treatment level of
the wastewater treatment plants, and the capacity,
capital debt, slope, and length of the proposed and
existing trunk sewers between the treatment plants.
Since the model estimates the state of the system at
various points in time, the effect of time on the
interest raies, capital recovery factors, and cost
indexes must be estimated. The projected wastewater
loads on the treatment plants are determined from
the population projections using a per capita waste-
water production multiplied by a peak flow factor.

11

This wastewater is transported by trunk sewer to
another plant if the chosen alternative treatment
scheme requires that its intended plant be closed.

All alternative treatment systems (consisting of
treatment plants, treatment levels, and trunk sewers)
to be considered by the model are specifically
designated by the user. This is accomplished by
means of 0-1 integer matrix system indicating which
treatment plants and trunk sewers used for each
alternative. The designation of any given alternative
does not change the fact that the existing system of
the previous year still has its capacity and debt.

The sub-optimization of a treatment alternative
provides the least cost system that will meet the
required loads on the treatment system in terms of
quantity and quality. Since there is a lag in time
between the decision to build a treatment plant or
trunk sewer and the actual completion, it was
necessary to compare existing capacity with the
projected flows at a time in the future equivalent to
the construction lag time. When the required capacity
or treatment level exceeds the existing conditions, the
treatment plant or trunk sewer is expanded. For
treatment plants, a design index was developed to
indicate changes in the level of treatment between the
existing and the proposed tfreatment planf. This
information was necessary for both the cost equa-
tions and design period calculations.

The design period for both the treatment plants
and trunk sewers was based on determining the
optimum amount of excess capacity that a facility
must have to minimize total future discounted costs.
The quantity of capacity addition was determined by
multiplying the design period times the projected
annual increase in quantity of wastewater to be
handled.

The cost of building, expanding, or upgrading
the treatment plants and trunk sewers was deter-
mined using the appropriate cost equations. These
costs were added to the capital debt and an annual
capital repayment was calculated on the basis of the
previous years debt. The capital debt rernaining was
reduced by this amount. The annual operation and
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maintenance costs were determined on the basis of
the current flows. The total annual costs were
determined for each plant and sewer, and these were
converted to present worth values at the base year of
the study. The total present worth of this alternative
was now available for use in the optimization process
of the dynamic programming model.

The value of the present worth of each alterna-
tive provides a single decision variable that can be
used by the dynamic programming model. The details
of this model will be discussed in detail in a later
section.

Mathematical Formulations

The need for uniformity of notation dictated
the use of the following subscripts:

i = source of input to node

j = wastewater treatment plant node

k = destination of output from node
2 = year of analysis
m = alternative treatment scheme

and control parameters:

3 = number of wastewater treatment
plants

L = number of planning years

M = number of alternatives being
analyzed

Generalized network notation

The model notation was based on the Kirchoff
Node Law (Lynn, Logan, and Charnes, 1962) as
shown in Figure 5. The basic principle is that
whatever flows into the node also flows out. The
general statement which describes the node condition
is
Input - Qutput=0 . . . . ... .. (5
It is possible to have any number of inputs but the
wastewater treatment plant is limited to one output.
This fact does not change whether it is discharging
treated effluent or acting as a collection point for
transmission to another treatment facility.

Treatment plant parameters

The existing capacity, capital debt, and treat-
ment level of each treatment plant is required to
initialize the model.

CAPI} = capacity of treatment plant j, mgd . (6)
DEBTPJ. = capital debt of treatment plant j,
mil$ . . ..

..M
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NODE k
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Figure 5. Input and output at a node (after Lynn, Logan, and Charnes, 1962).

ELEV. = elevation of treatment plant j. ft . . (8)
LTREAT, = treatment levelof plantj ., . . . . ©
in which

i = 12,0
Trunk sewer parameters

The existing capacity, capital debt, slope, and
length of each existing or proposed trunk sewer is
required to initialize the model.

CAPSjk = capacity of trunk sewer jk, mgd . .(10)
DEBTSjk = capital debt of trunk sewer jk, mil § .(11)
DISTjk =length of trunk sewer jk, ft. . . . . (12)
in which

j = 12,.3

k = 1,2,. J+1
Interest rates

Interest rates have been showing an upward
trend and must be adjusted each year during the
planning period.

g = R+ ANRATE = £ )]
in which
g = annual rate of interest in year
R = annual rate of interest in base year
ANRATE =  annual increase in the rate of in-
terest
& =  planningyear, 1,2, . L
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Capital recovery factor
The repayment of capital debts for treatment

plants and trunk sewers is a function of the repay-
ment period and the interest rate.

rp (1.0 +1p)FER

R = — e . . .. .(14)
(1.0 + PR 10
in which
CRE, = capital recovery factor in year 2
(Note: will be different for plants
and sewers)

PER = capital return period (e.g. 20 years
for treatment plants and 50 years
for trunk sewers)

T, = annual rate of interest in year £

Inflation rates

Cost indices are a measure of the rate of
inflation being experienced by the treatment systems.
Capital costs and operation and maintenance costs
have different inflation rates. The cost equations have
all been adjusted to June 1974.

. (INDEXB + ANFAC * 1)
FACTOR, NDEXA . .{15)
in which
FACTOR,=  inflation factor in year
INDEXA =  index for June 1974 (different for
construction and operation and
maintenance)
INDEXB =  index for base or initial year of
) study
ANFAC =  annual increase in cost index
2 = planning year, 1,2, . L.



Wastewater quantities

The quantity of wastewater entering each treat-
ment plant is determined each planning year on the
basis of population projections. The per capita
wastewater load is based on peak flow needs by
multiplying the average flow by a peak flow factor.
Population data are required for each plant either in
present use or future use. The quantity of wastewater
for each plant for each year is given by the following
relationship:

Qjﬁ = POPjg (GPDCAPY(D) . . . . (1§
in which
Qj quantity of wastewater to plant j in
year £
POP}. g = Eopulation served by plant j in year
GPDCAP =  gpd/capita of wastewater flow
f = peak flow factor
and:
j = 12,.J
L = 1,2,.,L

Time phased treatment levels

State and federal regulations are establishing
minimum effluent standards to be met by all treat-
ment plants. These will be enacted at different points
in time and will set the minimum treatment level that
will be required by all treatment plants, regardless of
the alternative treatment systems being analyzed.

QUAL, = minimum treatinent level required
[4

by all treatment plants in year NSV

in which

%

1,2,..L

Feasible paths

The model is loaded with data for several
alternative treatment schemes consisting of various
combinations of individual, combined, or regional
treatment plants by storing a ‘1’ in memory to
indicate which trunk sewers connecting plants will be
used and in which direction. These data are used to
build a 0-1 integer matrix for each alternative. The
output destination node for each treatment plant
discharging treated effluent is represented by the
number of treatment plants, u, in the system plus 1.
Likewise, the input source node for each treatment
plant receiving wastewater from the sewerage collec-
tion system is set equal to the treatment plant node
number, j. The link matrix is defined below.

P. - < 1 {feasible path)
jkm 0 {nonfeasible path) *

.. .(18)

i4

in which
p,_ = 0-1 integer feasible path matrix
jkm
and
j = 1,2,.J
k = 1,2,..0+1
m = 1,2,. M

Input-output matrices

The input and output matrices are built from
the matrix given by Equation 18. The output matrix
is set equal to the feasible path matrix since each
plant has only one output node.

OUTy =Py - o o o oo L (19)
in which
ou ikm ™ output matrix from plant j to
destination k for alternative m
P. = 0-1 integer feasible path matdix
jkm
and
i = 12, J(G¢F k)
k = 12,0+l
m = 1.2,..M

The input matrix has to be built by an iteration
process since the sewerage from several areas may be
transported by trunk sewer to plant j. The input
matrix is set equal to the feasible path matrix to
establish the initial conditions for the iteration.

INijm Py s o e RN (241)
in which
IN. = input matrix from several sources i
ijm X .
to plant j for alternative m
P. = 0-1 integer feasible path matrix
jkm
and:
i = 12,..0
i = 12,. .
k = 12,.3
m = 12, M

The first step of the iteration is to find the
output path, k, from node j by finding an integer *1
in the output matrix (Equation 19). By iteration, an
integer ‘1° is entered into the input matrix for each
input node, i, that contributes wastewater to plant j.

if OUT,, = Lithenn =k - - . . . .(2D)
if N, = LthendN =1, . ... (22)
in which
our, =~ =  output matrix from plant j to de-
em stination k for alternative m
INi;‘m = input matrix from several sources i

to plant j for alternative m
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Figure 6. Sample treatment system.
Table 3. Input-output matrix,
ALT PLANT LEVEL INPUT OUTPUT
j MTREAT,
" ! im 1 2 3 4 s 12 3 4 5 6
i 1 0 1 0 ¢ 0O © 0 1 0 0 0 0
1 2 0 1 1 g o o0 g 0 1 0 0 0
1 3 2 1 1 1 1 0 g 0 0 0 0 l
1 4 0 0 0 0 1 0 0 0 i ¢ 0 0
1 5 1 o 0 0 o0 i 0 0 0 g 0 1
and Construction time lag
i = 1,2,..)
i = 1.2,.J There is period of time required between the
k = 1,2,. 041 decision to build, expand, or upgrade a treatment
m = 1,2,. M plant and the actual operation of the plant. This time
n =  temporary index to indicate which lag requires that the decisions to modify the plant be

plant j is receiving wastewater

Steps 21 and 22 are repeated for each plant | and
then the whole process is repeated again and again
until the matrix contains sufficient integer ‘17 to
denote all input which contribute wastewater to each
plant j. The number of iterations is equal to 1 less
than the longest number of paths to any one plant.
This process is repeated for each alternative m. An
example of a treatment system and the related
input-output matrices are shown in Figure 6 and
Table 3.

Treatment levels

Several treatment levels or standard treatment
plant schemes will be defined to meet various water
quality standards. For each alternative treatment
system, each plant has its own required treatment
levels. These are entered along with the feasible path
data but do not affect the input-output matrices.

MTREAT, = treatment level of plant
m § for alternative m . (23)
in which
3 = £2,.3
m = 12,. M
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based on conditions at some time in the future equal
to time lag.

LAGP = construction time lag for
treatment plants, yrs

Quantity collected

The quantity of wastewater collected at each
treatment plant is determined by the use of the input
matrix (Equation 20) and the projected quantities of
wastewater (Equation 16).

Oy = T Q) Ny (25)
in which
COL, om " total quantity of wastewater col-
! lected by plant j in year & for
alternative m
Qi . = quantity of wastewater to plantiin
year %
INijm = input matrix from several sources i
1o plant j for alternative m
and:
i = 1,2,. .3
j = 12,.0
2 = L
m = m



This quantity does not necessarily imply that the
treatment plant is treating the wastewater, only that
this amount of wastewater passes through node j.

Quantity treated

The output matrix (Equation 19) determines
which plants are operating. If an integer *1” is found
in the k = J + 1 position, the plant will treat the
wastewater collected by it (Equation 25). The

-quantity of water collected is that projected to be

produced at some time in the future equal to the
construction lag time.

TREAT 4 & agem = Ol + Lacein OV k! .(26)
in which
TREATj{2+ LAGPI = Guuntity of wasiewnter Lo be
treated by plant jin vear 4+
LAGP) for alternative m. mgd
COL;(Q+ LAGP)m = duantity of wastewater co!kictv
ed by plant j in veur (& +
LAGP) for alternative m. mgd
OUTjkm = output matrix from plant j to
destination k for alternative
and:
i = 1,2,..J
k = 41
2 = 2
= m
LAGP = construction lag time, yrs
Design index

Each existing treatment plant has a cumrent
level of treatment (Equation 8), and each alternative
requires the same or another level (Equation 23). The
cost of upgrading the treatment plants from one level
to another is dependent upon these levels. The design
index allows the selection of the proper cost equa-
tions. Assume the following conditions:

Existinglevel — 0 0 0 0 1 1 1 2 2 3
Requiredlevel — 1 2 3 4 2 3 4 3 4 4
123456728910

INDEX, ~ -

if LTREAT,= 0, then INDEX,, = MTREAT,, ~ -(27)

jm
if LTREAT;= 1, then SNDEX}.m= MTREAT.  +3 .(28)

im
if LTREAT;= 2, then INDEX, = MTREAT, +5 (29)

if LTREAT;= 3, then INDEX;, = MTREAT), +7 (30

jm

in which
LTREAT; = existing treatment level of plant j
INDEX; .~ = design index
MTRE.L{ij= treatment level of plant j for alternative m
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Design period

The design of treatment plants is based on the
interest rate (Equation 13) and the economy of scale,
a,. The value of is dependent upon the design
index. The following equation must be iterated about
25 times to obtain a reasonably accurate value for the
design period (Equation 4).

' me}
LN et — +1.0
. hoed

. ~ .. .. .. .(3D
¢

in which

t* o= optimum design period, yrs

p = annual interest rate for year ¢

a, = economy of scale for cost equation
and:

g = 2

p = design index, INDEij

Annual increase

The required capacity of a treatment plant is
compared to existing capacity to determine if expan-
sion is needed. The quantity of capacity expansion is
based on the linear growth of wastewater quantity for
the design period (Equation 31). The annual growth
rate is based on needs over a 20 year period.

COL g 4a0pm - COL:
Djfm= i34 (;-gn W m o ’(32)
in which
D. = annual increase in quantity of
g wastewater, mgd/yr
COL. = total quantity of wastewater col-
iZm lected by plant j in year L for
alternative m
and:
i = AN |
L = %
m = m

Capacity expansion

The expanded capacity of the treatment plant
is given by the following equation.

& - by 4 *
(APP}( g+1ym TRLATj(é +LAGP)m (D}Q m) (). '(33)



in which

CAPPg +iym N
= capacity of treatment plant j in year £+1
for alternative m, mgd

TREAT g 4+1 AGPYm
=JU& quantity of wastewater to be treated by

plant j in year { ¢ + LAGP) for alternative

m, mgd
Djﬂm
= annual increase in quantity of waste-
water, mgd/yr
t’?
= optimum design period, yrs
and:
j = 152’ . !J
2 = L
m = m
LAGP = construction lag time, yrs

Expansion costs
The costs of expanding and upgrading a treat-

ment plant is given by the following equation.

CTP,,, = (FACTOR()(k M(CAPP, g |, - CAPBy ), . (34)

in which
CTPyy,
= cost of expanding and upgrading treat-
ment plant j for alternative m, mil §
FACTOR
= inflation factor
kp
= cost coefficient
CAPR g y
= expanded capacity of treatment plant j in
year (g +1) for alternative m, mgd
CAPPp
i - . -
= existing capacity of treatment plant j in
year £ for alternative m, mgd
p
= economy of scale factor
and:
j = 12,..1
L = 2
m = m
P = design index, INDEXn,
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Capital debt

The existing debt of each treatment plant was
entered into the model to initialize the model. It was
assumed that the cost of expanding the plant was
distributed such that the debt was increased by 50
percent of CTij this year and 50 percent next year.

DEBTP,,, = DEBTP,, +(0.50) (CTR,) . .(35)

jm

DEBTR, p, ), = DEBTP, | +(0.50)(CTP, ) . . (36)

in which

DEBTP,
= capital debt of treatment plant j in year
% for alternative m, mil §

DEBTP, 4.y
I c):i?)ital debt of treatment plant jin year
(¢ +1) for alternative m, mil §
CTPJ-m
= cost of expanding and upgrading treat-
ment plant j for alternative m, mil $
and:
i = 12,0
2 = 2
m = m
Annual capital debt

The debt of the treatment plants is decreased
annually by the amount of the capital recovery
factor.

ANNP, = DEBTP,, |\ (CRE,) - - . .G7)
DEBTPy = DEBTP; -ANNP, . . . .(38)
in which
ANNF

= annual repayment of previous vears
capital debt for plant j in year 2 for
alternative m, mil §

DEBTP,
LSS lé{;‘pital debt of treatment plant j in year
(2+1) for alternative m, mil §
DEBTP;
=" new capital debt of treatment plant j
after addition of expansion costs and
after subtraction of annual repayment,
mil §
CRF
= capital recovery factor for treatment
plants for year £



and:
j
2
m

Wi

i

Annual O & M

The annual operation and maintenance (O & M)
costs are directly related to the quantity of
wastewater being treated by the treatment plants.

¢4
OMP,, = (FACTOR,) (k) (TREAT;, ) . .(39)
in which
OMPij
= annual O & M cost of treatment plant j in
year ¢ for alternative m, mil $
FACTOR
= inflation factor for O & M
kP
= cost index for O & M cost equation
TREAT; ¢,
J
= quantity of wastewater being treated by
plant j in year 2 for alternative m, mgd
a, economy of scale factor
and:
j = 12,.3
2 = 2
m = m
P = design index, INDEij
Present worth

The present worth of the treatment plant
consists of the present worth of the sum of the
annual costs for capital repayment and for O & M.

_ANNPy -+ OMP,

PWP, = ———-—-T—Q ... .(40)
# (10 + 1))t
in which
PWPj m = present worth produced by plant j
in year £ for alternative m, mil §
ANN% Im= annual repayment of capital for
plant j for debt incurred in previous
year from year £ for alternative m,
mil $
OMP}.M = annual O & M cost of treatment
plant j in year ¢ for alternative m,
; mil $
% = annual interest rate for year
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and:
j = 1,2,..0
3 = z
m = m

Construction lag time

There is a period of time required between the
decision to build or expand a trunk sewer and the
actual operation of the trunk sewer. This time lag
requires that the decisions to build the trunk sewer be
based on conditions at some time in the future equal
to the time lag.

LAGS = construction time lag for trunk
SEWers, YIS

Trunk sewer flows

The quantity of wastewater flowing through
any trunk sewer is equal to the amount of wastewater
collected by plant j that is not treated according to
Equation 26. The output matrix (Equation 19) is
searched for an integer °1,” and the appropriate path,
Xjgm is loaded with the quantity of wastewater
collected by plant j.

ifOUT, = lthenr=k . . ... .{(42)
X rracsm = CObjgatacom . . . . .(43)
in which
OUTjkm R
= output matrix
Xjr(9,+ LAGS)m
= quantity of wastewater transported by
trunk sewer jr in year (X +LAGS) for
alternative m, mgd
COL,
LAGS
igr qu)at?ztity of wastewater collected by plant
j, but not treated, in year (2 +LAGS) for
alternative my, mgd
and:
io= ]
k= 1,2,.J+1(#Kk
L F L
m = m
Design period

The design period of trunk sewers is based on
the interest rate {Equation 13) and the economy of
scale, a . Although the parameters are different, the
equation for optimal design period, t*, in trunk



sewers is the same as Equation 31 for treatment
plants.

Annual increase

The required capacity of the trunk sewer is
compared with the existing capacity to determine if
expansion is needed. Since treatment plants have only
one output, the annual increase in wastewater flow is
the same as it is for treatment plants.

IFOUT,, = 1. thenr=k N € 53
DS,om = Digm - -+ - C .49
in which
OUT, = output matrix
jkm X . )
DSjrgm = annual increase in quantity of trunk
sewer flow, mgd/yr
D. = annual increase in quantity of
jam
wastewater, mgd/yr
and:
o= ]
k = 1.2,. 3 (%K)
)2 = %
m = m

Capacity expansion

The expansion of capacity of trunk sewers is
given by the following equation.

£
CAPS ga1ym = Xt sLacsim *(PSkem (7). (46)

in which
CAPS.
k{g+!
k(& g)‘épanded capacity of trunk sewer jk in
year (g +1) for alternative m, mgd
Xk +1AGHm
= quantity of wastewater to be transported
by trunk sewer jk in year (2 +LAGS) for
alternative m, mgd
Dsjkim . . .
= annual increase in quantity of frunk
sewer flow, mgd/yr
t*
= optimum design period, yrs
and:
i = 1,2,.,3 GFk)
k = 1,2,..5
L = L
m = m
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Expansion costs

The cost of building or expanding a trunk sewer
is dependent upon the length, slope, elevation dif-
ference, and capacity.

CTS

TS = (FACTOR{?) l(kuHCAPSjk{gﬂ}m
APS. , )2 (DIST
-CA ikl ! Styd
AP . %3
k) CCAPS gy gy - CAPS )
(NUMPS; 31 . o oo .(47)
in which
CTSjk m
= cost of building or expanding trunk sewer
jk for alternative m, mgd
FACTOR,
= inflation factor
kiz
= cost coefficient for constructing trunk
sewer
CAPS,
k(2+1) . [
K e;:?pandcd capacity of trunk sewer jk in
year (4 +1) for alternative m, mgd
CAPS, ¢
jkXm . \ .
= existing capacity of trunk sewer jk in year
% for alternative m, mgd
dyy = economy of scale for coﬁstmcting trunk
Sewer
DISTy
= fength of existing or proposed trunk
sewer, mi
ki3 . o
= cost coefficient for constructing lift sta-
tion
%13 )
= economy of scale for constructing lift
station
NUMPS;,
= number of lift stations for trunk sewer jk
and
j = 1,2,..5
k = 1,2,.3
2 = 2
m = m



Capital debt

The existing debt of each trunk sewer was
entered into the model to initialize the model. It was
assumed that the cost of expanding the sewer was
distributed such that the debt was increased by 50
percent of the CTS;,,, this year and 50 percent next
year.

). .(48)

DEBTS g ,, = DEBTS, g, +(0.50) (CTS

DEBTS, 1,y = DEBTS,,  +(0.50) (CTS, ) . .(49)
in which
DEBTS,
=) capital debt of trunk sewer jk in year 2
for alternative m, mil §
DEBTS,
k{g+1
K ca)gz}tal debt for trunk sewer jk in year
(2 +1) for alternative m, mil $
CTSjk "
= cost of building or expanding trunk sewer
jk for alternative m, mil 3
and
i = 1,2, . J(G#k)
k = 12,.3
2 = L
m = m
Annual capital debt

The debt of the trunk sewer is decreased
anrtually by the amount of the capital recovery
factor.

ANNS, g = DEBTSj 0y, (CREp) « - o - (50)
DEBTS;p . = DEBTSy,  -ANNS,, . . . .(51)
in which
ANNS;0

= annual repayment of previous year capital
debt for trunk sewer jk in year & for
alternative m, mil §

DEBTS,
k@Q~1
I cz;;r)ri]tai debt of trunk sewer jk in year
(2 -1) for alternative m, mil $

DEBTS;p

= new capital debt of trunk sewer jk after

the addition of expansion costs and after
subtraction of annual repayment, mil §

CRF

= capital recovery factor for treatment
plants for year g
and:
i = 1,2, JG#k)
k = 1,2,. ]
pA = £
m = m
Annual O & M

The annual O & M costs are directly related to
the flow through the trunk sewer and to the pumping
head.

OMSyp,, = (FACTOR (K, ) (X, )2 (HEAD,,)
+ (km;ijd)“”l (NUMPS) (52)
in which
annual O & M cost of trunk sewer

ik in year g for alternative m, mil §
FACTOR9J= inflation factor for O & M

OMSJKQ m=

klz = cost index for power cost of lift
station
ijm quantity of wastewater transported
by trank sewer jk in year ¢ for
alternative m, mgd
@, = economy of scale for power cost of
lift station
k13 = cost coefficient for O & M of lift
station
ay3 = economy of scale for O & M of lift
station
HEAD,, =  pumping head of lift station, ft
NUMP i = number of lift stations for trunk
sewer jk
and
i = 12,.JG#K
k = 13‘2) A !3
2 = %
m = m

Present worth

The present worth of the trunk sewer consists
of the present worth of the sum of the annual costs
for capital repayment and for O & M.

AR b
ows o ANNSg,, TOMS,g

T H.O'Pfg}g'!

mo L (53)




in which
PWSjmm
= present worth produced by trunk sewer
jk in year £ for alternative m, mil $
ANNS; kg m
annual repayment of capital for trunk
sewer jk for debt incurred in previous
year from year ¢ for alternative m, mil §
OMS, jkm
annual O & M cost of trunk sewer jk in
year § for alternative m, mil §
Ty
= annual interest rate for vear ¢
and:
j = 12, JJ(G#k)
k = 1,2,. 1
L = 2
m = m
Total present worth

A single value of present worth is required by
the dynamic programming model for each alternative
treatment scheme in each planning year. This is
obtained by adding all of the present worth values for
the treatment plants and trunk sewers of a single
alternative. The present worths are measured with
respect to the base year of the model.

TWOWE‘H} PWP}'E’ n + HVSJ&,{’ mo. . .. . (54)

in which
T?TOWQm
= total present worth of ali of the treat-
ment plants and trunk sewers for alterna-
tive min year £, mil §
PWPj om
= present worth of treatment plants for
alternative m in year £, mil §
Pwsjkﬁm
= present worth of trunk sewers for alterna-
tive min year 2, mil $
and:
i = 1,2,. J (j #k)
k = 1.2,.
L = A
m = m

Dynamic Programming Mode! Formulation

Consider the model configuration shown in
Figure 7 in which each box represents an alternative
treatment scheme. The model is divided into a
number of stages, represented by the years T,
through T, , and into a number of states in each stage,
represented by alternatives A through C. The
principle of optimality (Bellman and Dryfus, 1962)

B A
/ \ \./
s e /\
- ,...la‘]/ N _\_ /N B, MINIMUM TOTAL
A A DISCOUNTED COST
AN \/ y
'{><\ 7\
\
ZA AN
C[ C2 e — _.\03
To T T, Ty
TIME(YR)
[: ALTERNATIVE

Figure 7. Dynamic programming formulation.
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asserts that a state is reached by an optimal path—i.e.,
a path that minimizes the objective function over the
transition from the initial state to the state in
question—only if the prior state achieved at the
previous stage was itself reached by a path that was
optimal to that point. Application of this principle
leads to a recursive equation in which for every
possible state both the optimal value of the objective
function and the previous optimal state can be
determined successively from stage to stage. At the
last stage one or more final states are achieved, from
any of which an optimal path can be extended back
to the original state.

The development of the recursive cquation
assumes that if S 2 represents the mth state within
the 2th stage, thén the optimal, or in this case, the
minimum cost path C¥*(1,8 n%) from the initial state |
to the state S § is given by:

cristy = Min o sty v e st

k=12,.M ce . (59

in which

41
Sk _

state k in stage g-1

M

number of possible states in stage ¢-1

2-1
*
C (I,Szk )

minimum cost of getting from state I to
state Sk‘1

sy st

= ™cost of going from state Sﬁ'l to state Sf;
With this equation the optimal or minimum cost to
g0 to any state within any stage can be calculated
from known minimum costs in all possible states in
the previous stage.

To solve a dynamic programming problem, the
equation cited is used in a “forward pass” from the
initial stage to the final stage. In the forward pass the
minimum costs of going from the initial state to every
possible state in every stage are calculated from each
stage to the next. In addition, the previous state
associated with the optimal cost to the state in
question is noted and stored. At the completion of
the forward pass, the desirable final state of the
system is selected from among the possible states in
the final stage. This is normally the one that
produced the lowest total discounted cost.
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When the optimum final state and its
corresponding cost have thus been determined, the
previous state associated with the minimum cost in
the final state is taken to be the optimal state at the
next-to-final stage. This process is then repeated
successively for each stage in a “backward pass” from
the final to the initial stage. At the completion of the
backward pass the succession of optimal states thus
determined defines the optimal path from the initial
to the final state. Qver this path the previously
determined cost of going from the initial to the final
state is obtained. Most uses of dynamic programming
end at this point, but in this model another forward
pass along the optimal path is necessary to recalculate
all of the desired parameters of the system. These
were not retained on the first pass because of the high
cost of computer storage.

Application of this technique has been shown
in Figure 7 and s illustrated in the following
discussion, The first box at time T, represents the
initial system of treatment plants in the base year.
The other boxes represent alternatives A, B,and Cin
any given year. Starting with the initial system at T,
the annual cost of using alternative A, in year T, is
determined. This includes the costs of building,
expanding, or upgrading the treatment plants or the
trunk sewers, and the cost of operation and main-
tenance of the entire system. The annual costs are
converted to a present worth value at the base vear,
and are stored with alternative A,. This process is
repeated for alternatives B, and C,. In year T,, the
costs, capacities, and treatment levels are determined
for alternative A, by considering A, as the initial
condition. The present worth of this treatment
scheme in the base year, T, , is added to the present
worth stored with A, and then stored with A,.
Likewise, the costs, capacities, and treatment levels
are determined for A, using B, and C, as the initjal
conditions, The alternative in T, that results in the
lowest total discounted cost at A, is stored with A,
as its optimum back path. The optimum costs,
capacities, and treatment levels are also stored with
A, . This process is repeated for each alternative in
year T,, and for each remaining year of the planning
period.

Once the analysis of the last planning year has
been completed, the alternative in that year that has
the lowest cumulative discounted cost, is selected as
the best optimum alternative of those considered. In
Figure 7 in year T, this is B;. The optimum path
from year T, to year T, is obtained by determining
the optimum back path of alternative B, in year T;;
this is C, . From C, the optimum back path is C,,
and so on. The process is repeated until year T, is
reached. Having determined the optimum combina-
tion of alternatives through time, the forward pass
from year T, to year T, is repeated for that path to
determine all the required parameters for each year.



DEVELOPMENT OF MODEL PARAMETERS

The application of any model to a wastewater
treatment system requires that the chosen parameters
be valid for real life problems. The parameters and
the factors affecting the parameters that were co-
nsidered in this model were as follows: Population
projections, wastewater quantity and quality, stream
and effluent standards, pollution removal efficiencies,
treatment level classifications, cost indices, interest
rates, economies of scale and cost coefficients for
capital and for operation and maintenance costs. The
data were obtained or calculated from available
literature and summarized in the desired formats.
These parameters reflect national averages and can be
adjusted to any desired part of the country.

Population Projections

The first step in the evaluation of the waste-
water needs of an area is the determination of the
population projections. A number of population
forecasting technigues have been used, including: (1)
Graphical projections; {2) mathematical projections;
(3) ratio and correlation methods; (4) growth com-
position analysis; and (5) employment forecasts. The
latter three methods may offer somewhat greater
reliability than methods (1) and (2) (McJunkin,
1964}, The data for this study will be obtained from
previously published sources.

Wastewater Quantities

The expected load for a treatment system, or
the wastewater quantity, is generally predicted by its
relationship to population projections, which are
subject to many variable factors. The per capita
contribution to wastewater flow is often given as 100
gpd per capita, and the peak flow which governs
design may be 225 percent of this figure. With the
variability of these parameters, the future demands
for the treatment capacity may show a uniform rate
of increase, an increasing rate of increase, or a
decreasing rate of increase. For this reason, a capacity
expansion model is usually restricted to an uniformly
increasing quantity of wastewater (Rachford, Scarto,
and Tchobanoglous, 1969). In this model projected
populations, and hence wastewater quantities, can be
entered at any number of years in the planning
period. Straight lines are then calculated between
these points, resulting in a piecewise linear population
projection. Alternative futures can be easily analyzed
by changing the population projection at inter-
mediate years.
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Wastewater Quality

The quality of a municipal wastewater is
generally considered to be constant in any given area.
Exceptions are due to infiltration of storm waters,
increased use of home grinding units, and changes in
quality of the industrial contribution. If the quality
decreases or if the discharge requirements are made
stricter, the cost coefficients for treatment plant
expansions or upgrading would have to be increased.
Typical values of influent quality of a medium
strength domestic sewage are shown in Table 4.

Table 4. Domestic sewage quality.?

Suspended solids, mg/! 250
Grease & oil, mg/l 100
BODg, mg/i 200
COD, mg/t 500
Total Nitrogen, mg/l 50
Total Phosphorus, mg/l 12
Coliform, 100 ml 10

aTempleton, Linke, and Alsup Consulting Engineers
and Engineering-Science, Inc. (1973b).

Stream and Effluent Standards

Effluents from wastewater treatment plants
eveniually are reused for another purpose. This may
be as industrial or irrigation waters, or for fishing,
recreation, or drinking waters. The State of Utah and
the Federal Government have defined stream and
effluent standards to protect the environment and the
welfare of the people. Most streams in the State of
Utah are now classified as Class “C’ waters. This
requires that the river water not be degraded below
this level. A federal timetable has been established for
all dischargers to meet required effluent standards. In
Utah, the check points are at 1977 and 1980. A
summary of these standards is shown in Table 5.

Wastewater Treatment Sequence

There are a large number of unit processes
available today to be considered in the design of a
wastewater treatment system. Most require a certain
degree of prior treatment of wastewaters before they
can be used. Even then, many of the units have
timited ranges of flow rates in which economical



Table 5. Water quality for beneficial uses and state standards.

a,b,c

T T S T §
Recreation ) : Cherie Class "C e vifluent St
Constituent | Drinking | © 00 Industrial | Irrigation | Fisheries Loy oo —o0 rrrery ] R T
Alkalinity 120 < 150 .- --- -- [ - IR o
Hardness —e- < 250 1 -
Arsemc (As) P - .- 5,01 i 0.05
Barium {Ba) .- .- --- .- - 1.0 - - -
Cadmium {Cd) .- - --- -- - 0.9¢ - -
Chioride {Cl) 250 < .50 100 - 250 . -
Chromium {Cr) .- - . . . 0.05 } .
Copper {Cu} .- cew - aue .- 10 . - X
Cyanide (CN) _-- --- | - -- .- 0.01 0.02 -
Fluoride (F} .- i .- --- - io 2.0 -
tron (Fe) , 0.3 - . B
Lead (Pb) | - 0. 0% _
Manganese (Mn) - i .- -- 0,05 . .
Nitrate (NOy) 45 400 0.05 45 - - -
Phenola PN - . - . 0,00t - - .
Seleniwm (Se) .- “ee --- .- - - 0.01 -- -
Silver {Ag) e .- - --- .- - 0.05 - - -
Sulfate (SO ) 250 .- .- 190 .- 250 - - -
Zine (Zn) - --- N . —-- 5.0 - . N
Phoaphate () 2 --- --- .- 0.01 s - ; . ea
Total Dissolved 500 .- 1000 1500 2000 500 . . - -
Solids (TDS)
Suspended Solids ° 20 —-- .- 25 -- N 25 10
($8)
Dissolved Oxygen 7.5 > 6.5 > 5 --- > 5 - 5.5 - -
{DO}
BOD, [ < 1.5 < s —- <15 “- <5 <28 <25 <10
Coliform - Total <50 1000/100 --- “-- <500/100 5000/100 —- 5400/100 | 2000/100 | 2007100
- Fecal - a- —- .- .- 20007100 .- ——- 200/190 | 20/100
Turbidity 5 10 50 - 50 - o . —-- .
Temperature .- --- .- Jo 3 F .- . e e
pH . 6.5 - 8.5 --- 6.5-9.0 —-- 6.5 - 8.5 6.5 - 8.8 --- 6.5-9.8 | 6.5-9.0]6.5-9.0
Oil and Grease --- --- - .- - undetectable . .- .- .-

%Concentration in mg/l.

b, "
Maximum concentrations.

<
Sourcea: Utah State Division of Health, 1965; Public Health Service, 1962; California State Water Resources Control Board, 1963;

Utah State Water Pollution Committea, 1974,

SMPN por 100 rl,

operation is possible. The flow chart in Figure 8
represents the relative locations and purposes of each
unijt process. The feasible combinations of processes
will depend upon the type of influent being treated
and the required effluent quality.

Pollution Removal Efficiencies

A comparison of the treatment efficiencies of
several types of treatment plants and advanced waste
treatment unit processes is shown in Table 6. The
values are subject to many variables but do provide an
initial basis for planning wastewater treatment sys-
tems. These are overall values that require that the
proper pretreatment of the wastewater is performed
prior to the unit in question.

Treatment Level Classifications
There are a number of possible configurations

of unit processes to meet specific treatment needs.
Some are more suitable for a given flow rate and

influent concentration than others. Many of the unit
processes have required influent qualities that limit
the number of possible configurations.

Using a typical medium strength domestic
sewage (Table 4), a series of treatment processes can
be defined to achieve various effluent qualities. One
such combination is shown in Figure 9 where four
levels of treatment and the related effluent qualities
have been defined for the State of Utah. The existing
secondary treatment plants are considered the lowest
acceptable treatment level, and the other levels are
suggested for planning purposes. A detailed engineer-
ing analysis would still have to be undertaken before
the selection of the actual processes. All of the
treatment plant configurations also receive chlorina-
tion of the effluent.

Cost Indices

The costs associated with the construction-and
operation of wastewater treatment plants and trunk
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Figure 8. Wastewater sequence and process substitution diagram.

sewers have always been difficult to estimate for
planning purposes. Since the data must be gathered
from several different sources, usually based on
widely different time periods, it was necessary to

‘adjust the cost data to June 1974. Several different

indices were considered and three were chosen.

The Engineering New Record’s Construction
Cost Index (ENR-C) was not suitable for comparing
costs in wastewater treatment plants because it is
weighted too heavily in favor of the cost of common
labor. A treatment plant has a considerable amount
of equipment and piping that require skilled labor.
Both the ENR Building Cost Index (ENR-B) and the
Federal Water Pollution Control Administration’s
Sewage Treatment Plant Construction Cost Index
(WPC-STP) are considersd to give a more realistic
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representation of the increase in construction costs
with time. Since the latter index is no longer being
produced, the ENR-B Cost Index was used for the
construction costs of the wastewater treatment
plants.

The Federal Water Pollution Control Ad-
ministration Sewer Construction Cost Index (WPC-S)
was used to adjust the costs for trunk sewers to June
1974, However, lift stations on the sewer lines relate
more closely to the ENR-B Cost Index.

The operation and maintenance data are
generally affected by the cost of labor. The US.
Department of Labor’s tabulation of the Average
Earnings for Nonsupervisory Workers in Water,



Table 6. Treatment capabilities for various types of wastewater treatment units.

BOD, con 5.8, Turbidity P N
Trearment Type mg /T T cmoval  mg/i %Removal  mp/l %Removal AT wg/t  GRemoval  mg/l BRemoval References
Primary & Serondaryb
Waste Stabilization Lagoon 6. 50 70 . - 3050 70 . B . 159 20-30 f
Extended Aeration 20.20 8090 B - 1 0% . . 10.20 15d 20-10 I
] - 35 . . . - . . R
Primary Sedimentation 120 45 - - 75 70 - - - N - f
25.40 - - - 4070 . . - - - h
High Rate Trickling Filters 40 80 - - 20-38 90 . - 10-20 159 25-30 £
Single Stage - bU-53 - - . « . . . - h
Two Stage . 80.95 . - . - - - . - h
Standard Rate Trickling Filters 2030 85 - - 10-12 9% - 50 lDd 3040 {
- 80.95 - - - 80-90 - - . - - ]
High Rate Activated Sludge 3050 75 - - 20-25 90 . 10-20 10d 2030 t
Standard Rate Activated Sludge 15420 Ch] - - 2025 90 - 20 10d 4040 4
i 85.95 - - - B5.95 - - - h
Physical-Chermnleal 10-15 93 - - 1020 90 . 1.5% RS 4. hd 75 f
Tcrtiarxc
Intermittent Sand Filtration 3.5 - - - 0.3 - . - - - - ¥
B 96-95 - - - 85.99 . . . . b
Chemical Precipitation - 5079 - - - .90 - - - - b
Chemical Treatment 408 - 17 - 9.7 . h.2.2.9 G.0R-G. 9 - 5-16.7 R
(Solids contagt)
Granular or Mixed Medla P RS - 1347 - @-% - 9.2+ 10 9.5 - 3 - 3
Filtration w/Chem,
Sand Filtration - Deep Bed 4-12 5498 - - 5.7 3698 - 2, 6% 98 - - 4
Chemical Coagulation and 4-12 94-98 - - 5.7 G698 v 2.8% 98 - - f
Sand Filtration 23 - 26 - 2.5 - 0.8.3,5 0,18-1.3 . -4 - 8
Microbial Denitrification - - - - - - - - - 4 095 H
Ammonia Stripping/B. P. 1-3 94 - - . B . R . 44 85.98 i
Chlerination {10 mg C1 per
1.0 mg NHy}
Carbon Adsorption 210 95.99 - - i3 98 - - - - - i
’ 1o - 15-12 - [ . L2 0.3 - hoh - 8
Microscreening §.12 94.98 - - 2.8 a7.99 - - - - - {
3 - & - 5 - . - - 8
lon Exchange - - - . - . - - 5d #0-90 f
. . w1 . . o0 8.8 424 - I
Reverse Osmosis 99 - - -1 [ - <1 98+ <1d 95-99 f
. D-1.0 . . . 0,27 3,50 . 5. 29 - «
Electrodialysis 29 . - . o 050 109 30-50 f
. . 8.0 - . . . 7. 8¢ - g, ¢ - g
Dissolved Air Flotation - - 3 - t . - - - - - 2
Ultrafiltration <} - 0 - o - <01 - - - - 8
Land Dispersal/Ground Drains 1.2 9 - - 0-2 99 - 0.5-1.0% 90 17 515 £
amg."l of comstituent remaining in efflrent,
b

Valuas based on typical raw sewage influent {Table 4),
¢

INO,y

°po,
(Tampleton. Linke, and Alaup Consultiog Engineers {1973%
Byfiddicbrovks et al, {1971}

h{}tak State Division of Health {1968),

Overall effluent quality and removals when process is preceded by primary and secondary treatment,



Medium

strength
domestic
sewage g Primary| ,fSecondary Nitrification Filtration Carbon
Treatment Treatment Adsorption
Treatment Level 1 2 3 4
Suspended Solids, mg/l 35 20 15 10
Turbidity, JTU 20 15 10 5
Grease & 0il, mg/1 12 8 2 1
BOD,, mg/1 25 20 10 5
COD, mg/l 160 75 30 20
Nitrogen, mg/! 30 30 30 30
Phosphorus, mg/} 8 8 ) 5
Coliform, MPN/100 ml 1000 240 2,2 2,2
Toxicants
Survival, % 33 40 80 30
Tlyag % 80 30 100 + 100 +
Toxicity Conc., TU 1.25 1.1 0.8 0.6

Figure 9. Estimated effluent quality from wastewater treatment process chains (adapted from Templeton,
Linke, and Alsup Consulting Engineers and Engineering-Science, Inc. (1973b).

Steam, and Sanitary Systems was used to adjust the O
& M costs to the base year of June 1974,

The cost indices are presented in Figure 10 and
are tabulated in Table 7. Some of the indices were
reported on the 1967 = 100 basis, but these were
adjusted to the base years shown. These indices are
projected into the future to indicate the rate of
inflation in the construction and operation and
maintenance costs of treatment plants and trunk
sewers.

Interest Rates

The cost of borrowing money to finance
wastewater treatment plants has been increasing with
time but not at the rate that inflation in construction
and operation and maintenance cost have during the
past decades. There has been a trend in recent years
to finance this construction by the use of revenue
bonds rather than general obligation bonds. A graph
of the yearly averages of municipal bond yield index
for the past 25 years is shown in Figure 11 and
tabulated in Table 8.

The United States Environmental Protection
Agency has proposed that an interest or discount rate
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of 7 percent per year be used for all cost effectiveness
analysis of wastewater treatment systems (Environ-
mental Protection Agency, 1973). This rate will be
changed along with changes in the interest rate used
for water resources projects (Water Resources
Council, 1973).

The amortization period varies with the type of
structure, but a period of 20 years for treatment
plants, 30 years for trunk sewers, and 10 years for lift
stations is often used. The revenues collected for the
wastewater treatment plant facilities are generally in
the form of a per capita service charge levied on the
consumer. As such, they are somewhat independent
of the capacity of the plant and are not relevant to
the decision-making process. The revenues do affect
the financing of the projects, but this is beyond the
scope of this model.

Cost Equations

The cost versus quantity relationship for the
construction and the operation and maintenance
costs of wastewater treatment plants and trunk
sewers was given by several authors (Tables 9 and 10)
to be as shown in Equation 56.
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Table 7. Cost indices.
A WP Constraction Cost !micxh Engingering New Recard Cost nciex”
Labor -
Year };a/t}:‘: WP : Sewers Railding Constriction
1957-59° 1057 .59 1913 (R 1213 1949

1938 2.00 101,50 100, 42 321, 09 13 L3 154,77
1959 2.07 103,45 104,78 244,035 55087 TS0 1n6,70
1960 2,17 104, 90 106,22 301, 0 A0, s 324, 64 173,29
1961 2,27 15, 83 108.1% 570007 162,07 430,38 178, 2%
1962 2,33 10, 29 109,72 379,57 104,75 872,90 182,99
1963 2.38 108, 52 113,07 582,90 167,49 807,48 138, 44
1944 2,44 110,54 HE5.10 hl12, 22 174,03 935,42 190,09
1945 2,54 112,57 117,31 625, 84 177,90 971, 14 203,58
1966 2. 68 1A, 92 121,18 h5hH. 31 186,50 1028. 65 213,64
1967 2,82 120, 28 125,36 675,17 191,92 1072.02 224,73
1968 3.00 n.a.® 130,50 700, 67 199,17 1154, 18 241, 96
1969 3.24 n,a., 139.78 798, 24 226,91 1284, 96 26%, 37
1970 3.52 n,a. 150,93 830, 14 235.98 1348. 66 284,72
1971 3.74 LWES 168, 36 944, 31 268.43 1575.05 330,11
1972 3.97 n.a. 186,71 1048, 37 297,83 1760, 78 368,33
1973 4,18 n.a. 201,07 1137.76 323,23 1896.13 356,69
1974 4,36 n.a, 211, 66 1199, 20 340. 66 1993, 47 417,05

2U. 5. Labor Statistics Dureau {1974},

b . . e
Federal Water Pollution Control Administration {19671 and 1. S, Department of Commerce {19374},

CEngineering New Record (1974),
dYear in which cost index equal to 100.

®Not available.



jut HISTORICAL: ~Jl:. PROJECTED o
[
l | ' l l | ! | .
H -
o, - s po—
| -
I -
-
2 - R
| | -
-
e ] - e
w B [ -
O , =~ "N trenp LNe
m 8 T - Pl p———
ul |
a. —
!
s J—
i
|
{950 960 1970 1980 1990 2000 2010 2020 2030
YEAR
Figure 11. Yearly averages of municipal bond yield indices.
Table 8, Municipal bond yield indices.”
Year Jan Feb Mar Apr Nay Jun Jut Aug Sept Oct Nov Dec Avg
1950 2,08 2,06 2,07 2,08 2.07 2.09 2,09 1.90 1.8 1.82 1.79 1.77 1.98
1951 1.62  1.61  1.87  2.05 2.09 2.22 2.18 2,04 2,05 2.08 2,07 2,10 2.00
1952 2,10 2.04 2,07 2.01 2.05 2,10 2.12 2,22 2,33 2,42 2,40 2.40 2.19
1953 2,47 2,54  2.61 2,43 2,73 2,99 2,99 2,89 2,88 2,72 2,62 2,59 2,72
1954  2.50  2.39 2,38 2.47  2.49 2,48 2,31 2,23 2,29 2,32 2.20 2,33 2,37
1955 2,39  2.42 2,45 2,43 2,41  2.48  2.62 2,67  Z.A3  2.56  2.55 2,71  2.53
1956 2.64 2,58 2,69 2.88 2,86 2.7% 2,78 2.04 5,07 3,14  3.38 3,44 2,93
1957 3,40  3.26 3,32 3.33 3,52  3.75 3.75 L7l 390 3,79  3.76  3.47 3. 4D
1958 3,32 3.37  3.45 3,31 3.25 3,26 3,45 374 3,96 3.94 3,84 3.84 3,56
1959  3.87 3.85 3.7¢ 3,84 3.97 4.04 4,04 394 4,13 3,99 3.94 4.05  3.95
1960 4.13 3,97 3,87 3.84 3.8% 3.78 3.72 .53 3,53 3,59 3,46 3.45 3,73
1961 3.44 3,33 3,38 3,44  3.38  3.53 3,53 3.55 3,33 3,46 3.44  3.49 346
1962 3.32  3.28 3.19 .08 3,09 3.24 3.30 3,31 3.18 3,03 3.03 3.32 3.18
1963 3.12 3,18 3.1t 3.1l 3,15 3,27 3,29  3.22 3,27  3.32 3.4l 3.34 3,23
1964 3,23 3.17 3.32 3.29 3.21 3.20 3.18 3.20 3.25 3.26 3.18 3,15 3,22
1965 3.06 3.10 3,18 3,17 3.19 3.26 3,26 3,25 3,36 3.42 3.47 3.56 3,27
1966  3.52 3,63 3,72 3.5% 3.68 3.77 3,94 4.17 4.11 3,97 3.93 3.83 3.82
1967 3.58 3,56 3.60 3.66 3.92 3.99 4.05 4.03 4.15 4.31 4,36 4.49 3,98
1968 4.34  4.39 4.56 4.41 4.56 4,56 4.36 4,31 4.47  4.56 4.68 4.91 4,51
1969 4.95 5.10 5.34 5,29 5.47 5,83 5.84 6,07 6.35 6.21 6.37 6,91 5.81
19760 6.80 6.57 6,14 6,55 7.02 7,06 6.69 6,33 6,45 6,55 £.20 5,71  6.51
1971 5,70 5.55 5.44 5,45 6,14 6,22  6.31  5.95 5,52 5,24 5.30 5.36  5.70
1972 5,25 5.33  5.30 5.4% 5.26  5.37 5.39 5.29 5,348 5,200 5.03 5.03 5.27
1973 5,05 5,12 5,30 5,16 5,12 5,15 5.39 5.47 5,11 505 5.17 5.12 5,18
1974  $.20 5.19 5.36 5.67 5,96 n.aP n.a, n.a.  n.a. n.a,  noa. Ma. na.

aStandard & Poor's Corporation (1974},
bNot available,
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Table 9. A comparison of cost equations for treatment plant unit processes.

Techniques used to} Variables Index used
s : . Index and value
References take different used to Equation ted b
processes into account format reported by ENR - B {Labor
. X R reference
consideration size 1949 |Rates

Smith, 1968 [Separate equation |Flow Y=k x? 20 Region 119.111191.92 | 2. 82

for each process WPC-STP Index

and treatment 1957-59 = 100

plant
Templeton, Tabulation of costs [Flow Y=kX 20 Region 1800 304,46 | 4.04
Linke, and Alsup | for each process ENR - C Index
Consulting for several plant 1913 = 100
Engineers (1973) | sizes
Logan et al., |Separate equation |Flow Y=k Xa 20 Region 812 159,17 | 2.17
1962 for each process ENR - C Index

and treatment plant 1913 = 100
Michel, 1970 |Separate equation |Population |Y = k X None - 186,56 | 2. 68

for each process jequivalent 1965-67 Data

flow

Berthouex, Economies of scalefFlow Y =k x None - - -
1972 o, for construction

for plants only
Rowan, Jenkins, |Separate equation |Population Inv= 1 |None - 148.13 | 2,00
and Howells, 1961 |for each process [flow T a+bin X]1955-58 Data
Michel, 1969 |[Separate equation [Pop., flow InY = 1 iNone - 186.56 | 2. 68

for each process |man-hrhvk “a+binX |1965.68 Data
Shah and Separate equation |P.E., flow |In ¥ = bo + WPC-STP Index| 100 148,13 | 2.00
Reid, 1970 for each process Ab; In Xy {1957-59 = 100
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Table 10. A comparison of cost equations for trunk sewers, force mains, and lift stations.

Variables Index used
. . Index and value
References Unit used to Equation reported b

account format rpf ronc Y ENR-BWPC-S|Labor

for size cterence 1949 [1957-59|Rates

Engineering-Science,| Trunk sewers |Diameter | Y=k X |ENR - C Index | 1300 - |141.42|3.28
Inc,, 1970 1913 = 100

Bauer, 1962 Trunk sewers [Diameter | Y=kX  |ENR - C Index | 1000 - | 120.80|2.62
1913 = 100

Spencer, 1958 Trunk sewers | Flow Y=kxX* |ENR-CIndex| 692.13 - 91.78|1.83
1913 = 100

Classen & Voigt, Trunk sewers | Population Y=kx" |ENR - C Index [1368. 66 - 150,931 3,52
1973 1913 = 100

Dawes, 1970 Force Mains |Diameter |Y=kX ENR - C Index | 935.42 - 115,10 2. 44
1913 = 100

Engineering-Science,|Force Mains |Diameter | Y=kX" |ENR - C Index |L300 - 141.4213.28
Inc., 1970 1913 = 100

Linaweaver & Clark, |[Force Mains [Diameter | Y=k Xa ENR ~ C Index | 877 - 110,242, 34
1964 1913 = 100

Engineering-~Science, | Lift Station Flow Y=k Xa{ ENR - C Index [1300 229.56 - -
Inc., 1970 1913 = 100
Benjes, 1960 Lift Station Flow Y=kX" |ENR-B Index | 555.18 157, 81 - -

1913 = 100

Engineering-Science, |Lift Station - [Flow v=kx¥ HI|ENR - C Index 1300 - - 3.28
Inc., 1970 o&M +k' X% |1913 = 100




Y= kXP(0<a<l) . ... .(56)
in which

Y = total cost of an item of capacity X,
$ for treatment plants and lift
stations, and $/mi for trunk sewers

k = cost coefficient

X = capacity, mgd

a = economies of scale

The power costs for lift stations and pumping
of wastewater through force mains require a cost
equation with added variables. For lift stations this
equation is shown below.

Y = kXCHO<a<l) | .o (579
in which
Y = cost of pumping a flow of X to a
height of H, $
k = cost coefficient
X = flow rate, mgd
a = economy of scale
H = effective pumping head, ft

The values of k and a in Equations 56 and 37
should not be used without consideration of the
factors included and omitted by the different people
originally reporting the costs. However, this is not
always possible and small variations in the values will
not affect the results of the analysis significantly
unless they are very close. This points to the need to
make a detailed engineering cost estimate after the
preliminary selection of treatment alternatives has
been made.

Economies of Scale

When there are large economies of scale,
represented by a small value of q, there is incentive
to provide extra capacity for future growth. The
relationship between cost and capacity is shown in
Figure 12.

The selection of the appropriate economies of
scale, g, is essential to the production of a valid
model. In general, @ has a range of 0.5 to 0.9 in most
wastewater treatment plants and lift stations, and
about 0.3 for most trunk sewers.

It is difficult to accurately determine the
economy of scale factor and the cost coefficients for
a composite system such as a treatment plant because
each type of equipment and process has its own
characteristics. However, the general cost function of
the overall facility is the weighted average of each
components costs. The total cost of the combined
system can be described by Equation 57 and the
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Figure 12. Effects of the economies of scale.

method of calculating the composite economy of
scale is presented in Equation 58.

Total cast = cost of compaonent A + cost

of component B+... | (57b)
Lox™
= ¥ H
?,Pix N 133
in which

X = capacity rating, mgd
Pi = percent of the total cost con-

tributed by process i, fraction
a, = composite economies of scale
a = process economies of scale

This equation can be solved for « as a close
approximation of the overall economy of scale within
the range of the individual equations. There are
several limitations to this method based on the
different optimum values of each unit and the limited
ranges at which parallel or duplicate units may be
added (Berthouex, 1972).

Treatment Plant Cost Equations

The coefficients for several types of treatment
plants and advanced waste treatment unit processes
are shown in Table 11. The cost coefficients were
adjusted by the use of the cost indices (Table 7).
These values may vary 20 to 30 percent plus or minus
of the true value depending upon the similarities of
the plants, construction conditions, and range of the
capacities used in the extrapolations by the authors.

Treatment Alternatives
The cost of upgrading a treatment plant is

dependent in part on what the initial and final
treatment levels are. Using the four treatment levels



Table 11. Coefficients for wastewater treatment plant cost equation Y =kX %,

Conetragtion Costs

Vatid . X [P
- ) Griginal | Adjusted (Qreiginal Cate
Cnits Range I D e | st ueferences
trigdy @ i :
kx 1073 | wxiat? k1o Y e
frrimacy Treatwen 550 543 (TR T I
Plants e T4 ot bogas Vet al, . 1982
. - - tex, 1970
N END]
with Oxidation ands .
Waste Stabilization
Trands .
Standard Rate 198 w08
Trickline Filter 430 264
iflants .
High Rate Triskiing | 326 7o
Filter Plants . .
with Oxidation 'onds .
Extended Aeration A . . .2
Contact Avration 208 - - 7
Activated Studge V- 100 | 0,780 550 1010 . L4
Plants 0.t-00 | 00770 597 1338 0,757 4.5 48, K noetal,, 1902
0.t tn . . . 0.730 EN] 51,9 1 Aicher. to70
o.1- 100 {077 . . . . . Berthouex, 1972
Tertiary Treatrment
Chlarination of 1o100 | 00658 15 2.8 | 6,900 3.3 5.1 | Souith, 1968
Secondary Effiuent
Ammonia Stripping [ 9,338 90 165 0, 691 5.8 %0 h. 1958
[ 0,431 130 239 0,912 4.z ft b, 190k
s.q00 | 0,478 180 331 0,471 4.0 62 1908
Microbial ”
£ 190 . ) T 89 1.0 14,0
Denitrification L. 40 18 a1 .68 13 ¢
Coagulation and o300 | 0,899 51 94 | o.om 18 5.9
Sedimentation
ipi Tempioton, Linke,
Phosphate Precipi- med pinke.
tat{on with 1-100 | 0,583 179 206 0. 927 28.0 ap,z |30 Avsup {'““57“3 had
Recalcination Engineers, 19
Rapid Sand 1-100 | 0,662 90 165 0.637 | 21,9 13,9 ?mii?xl, tmss] o
1 B - empleton, lLinke,
Filtration 1-100 | 0,657 168 193 0, b3 15.0 B0 b eing
Englneers, 3
Granular Carbon
Adsorption with .
- no regencration t-100 | 0,630 380 698 | 6.724 | 16,5 56,4 | St 1968
59 4 Templeton, Linke,
- regencration 1-100 | 0,661 525 604 0, 669 55.0 9. and Alaap Congulting
Engineers, 1373
Micrastraining of Vo100 | 0,902 55 101 | 0.900 2.9 4.5 | Smith, 1988
Secondary Efffuent
Electrodialysls 1-100 | 0.712 490 900 0.870 | 43.1 66.6 | Smith, 1968
Templeton, Linke,
Ion Exchange 1-100 | 8.916 262 302 8,914 55.0 59,4 and Alsup Consulting
Engineers, 3
Tcmxlcton. Linke,
Oxldation Ponds 1-10 | o.728 ° 3z 37 0.477 4.0 4.3 |and Alaup Consulting
Engineers, 1973
Templeton, Linke
Mechanical Aerators i-10 | 0.634 11 15 0. 362 Lo 1.1 [and Aleup Consulting
with Algae Stripping Engincers, 1973

shown in Figure 9, a set of ten combinations of
treatment levels was defined. The selection of the
proper cost equation will be made by the use of the
design index developed in Equations 27 through 30.
These combinations are presented in Table 12. The
initial treatment level ‘0" indicates that a new
treatment plant must be built to the upgraded level
shown. While all ten values of the design index are
required for the selection of the proper construction
costs, only the first four are necessary for the
operation and maintenance costs. This is because the
operation and maintenance costs apply to the entire
plant and not just the expanded or upgraded portion.
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In Table 13 are shown the selected unit
processes necessary to meet the treatment level
requirements of Figure 9. From this list the costs of
the treatment process chains were developed. Since
these costs reflect primarily new construction, the
activated sludge plant was chosen to represent
secondary treatment. Data were not found that
completely represent the costs of the nitrification
step. There are several possible ways to achieve
biclogical nitrification in wastewater. The simplest is
to increase the mean cell time and aeration rate of the
activated sludge basin, and the second is to add an
additional nitrification basin and clarifier. The latter



Table 12. Design index selection of treatment

alternatives.
Design Index I 2 3 4 5 6 7 8 9 10
- Treatment Levels
{nitial o 00 01 1t 223
Final 1 2 3 4 2 3 4 3 4 4

method provides better nitrification, but also costs a
great deal more. It was decided that an average of
these costs could be approximately represented by
the ammonia stripping costs.

Wastewater Transportation
Cost Equations

The cost of transporting wastewater between
treatment plants often determines whether or not it is
feasible to combine plants or build a regional plant.
Some of the factors affecting this cost are the cost of
pipe, cost of lift stations, transmission distance, slope
of terrain, cost of right-of-way, and operation and
maintenance costs. Hydraulic considerations, such as
minimum and maximum velocities in the pipes
determine the allowable flow.

Little data are available on the general costs of
trunk sewers and lift stations as a function of their
capacity. Most of the source of data used diameter of
pipe rather than flow capacity as the variable in the
cost equation. These were converted to the form
shown in Table 14.

A combination of gravity trunk sewers and lift
stations will be used for the cost equations in the
model. The trunk sewer will be sloped to achieve a
minimum of 2.5 fps. When the depth becomes exces-
stve, a lift station will lift the wastewater to the de-
sired elevation for gravity flow to continue. The fol-
lowing composite cost equations will be used.
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Construction costs for gravity trunk sewers:

y =127 X0

in which
Y = cost of construction of sewer,
$1000/mi
X = capacity, mgd

Construction costs for lift stations:

0.615
Y =128 X

in which
Y = cost of construction of lift station,
$1000
X = capacity, mgd

O & M costs of lift station:

0.897 0.644
Y=00288X  H+1.80X N (3))

in which
Y = total operation and maintenance
cost, electrical power + general,
$1000
X = capacity, mgd
H = pumping head, ft
Cost Graphs

The cost equations presented in Table 13 for
wastewater treatment plant alternatives, and Equa-
tions 59, 60, and 61 for trunk sewers and lift stations
are present in graph form in Figures 13 through 18.
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Table 13. Coefficients for wastewater treatment process chain cost equation Y* = kX%

Treatment

Construction Costs O& M Costs
Df:ii? n Tr?;;e“t o k x 1073 kx 10-3
Initial " Fusal Range Average Range Average Range Average Range Average
Treatment. Process Units
a - - Activated Sludge .77-.78 .775 1010-1338 1174 .756-.757 . 756 48, 5-48.8 48. 6
Plant
b - - Nitrification . 878 .878 331 331 L9771 . 971 6,2 6.2
¢ - - Filtration 662 ., 657 . 660 165-193 173 L 636~, 637 . 63¢ 33.9-60.6 47.2
4 - - Carbon Adsorption . 030, 661 . 046 604-698 51 L 669-.724 . 596 56.4-59. 4 57.9
e - - Chlorination L A58 . 658 27.5 27.5 . 900 RIVY 5.1 5.1
Treatment Process Chains
1 0 ! a,e - WT73 - 1201 - 775 - 53.7
2 ] Z ayb,e - . 800 - 1532 - . 805 - 59.9
3 [¢] M a,b,c,e - . 789 - 1712 - . 746 - 107
4 0 4 z,b,c,d, e - LT58 - 2362 - .730 - 145
5 1 2 b,e - . B67 - 358 - 942 - 11,3
6 1 3 b,c,e - . 817 - 538 - .738 - 58. 5
7 1 4 b,c,d, e - . 740 - 1188 - . 718 - 116
8 2 3 C,e - . 660 - 206 - . 681 - 52.3
9 2 4 c,d, e - . 649 - 858 - . 689 - 110
10 3 4 d, e - . 646 - 678 - .722 - 63,0

a¥Y in dollars, X in mgd,

Initial treatiment .evel

= 0 indicates complete new treatment plant to be built,
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Table 14. Coefficients for trunk sewer, force main, and lift station cost equations Y2 =k X%,

Construction Costs O &M Costs
. Valid Range OriginallAdjusted Original | Adjusted ‘
Units (mgd) @ Data |Tune'74 @ Data June '"74 References
kx1073 [kx 1073 k Kk
Gravity Trunk | 20-500 |0.359[192® | 287 - - - Engineering-
Sewers Sci., Inc., 1970
1-3000] 0,50 40b 70.0 - - - Bauer, 1962
0.1-100 -] 0,268] 30.9 71.3 - - - Spencer, 1958
0.1-15 0.309] 55.6 78.0 - - - Classen &
Voigt, 1973
Force Mains | 0.1-50 |0.45 | 39.9%( 73.4| - . - Dawes, 197C
0.1-200 |0.463| 69.0°| 103 - - . Engineerin. -
. Sei., Ine., 1970
0,1-1000 1 0,483 43.4b 83,3 - - - Linaweaver &
Clark, 1964
Lift Stations 0.1 ~500 0. 685 94,0 140 . 897¢ 28.8 H 32.3 H Engineering-
Sci., Inc., 1970
. 644€ | 1800 2393
1-50 0.50 53, 8 116 - - - Benjes, 1960

dy = $/mi, X = mgd.

b

D=11536 X

0.3745
E]

1970, Figure 22).
CComposite cost equation, ¥ = k ¥ + %k X% ¥ = $/mi, X = mgd, and H = feet of head.

H

n = 0,015, §= 0,003, V=2,65 fps (American Society of Civil Engineers,
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Figure 13. Capital and annual O&M costs vs design
capacity to build a new wastewater treat-
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APPLICATION OF MODEL TO THE LOWER JORDAN RIVER REGION

The application of the Wastewater Treatment
Optimization Model (WTOM) is necessary to verify
the performance of the model under real conditions.
The Lower Jordan River region along the Wasatch
Mountains in Salt Lake and southern Davis Counties,
Utah, was chosen as the study area. Considerable data
have previously been collected about the wastewater
treatment needs of this region, thereby providing a
good data base for the application of the model. The
application of this model to any other region would
require that the appropriate input data be gathered
for that region.

Wastewater Treatment Plants

There are eight treatment plants in Salt Lake
County and one in Davis County that discharge
effluent into the Jordan River in sufficient quantity
to be considered in this study. The general distribu-
tion of these plants along the Jordan River are
indicated in Figure 19. All of the plants, except the
Sandy Wastewater Treatment Plant, treat to level 1
with trickling filters. The Sandy plant uses activated
sludge.

A summary of the loading and performance
data for the wastewater freatment plants is presented
in Table 15. There is sufficient treatment capacity in
the region to meet the current needs, however, three
of the plants, Murray, Tri-Community, and Sandy,
are currently overloaded.

Population Projections

The need for planning of wastewater treatment
systems is emphasized by the ever increasing popula-
tion growths over time shown in Table 16. High and
low projections were needed for sensitivity analysis of
the population projections and its effect on the
decision process. The populations were used to
calculate the wastewater treatment quantities of the
plants.

Wastewater Quantity Projections

The quantities of wastewater projected for each
plant in the study area are presented in Table 17. The
quantities were obtained from monthly operating
summary sheets of each treatment plant, and
calculated from population projections and present
water usages.
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Wastewater Treatment Systems

The use of the model requires that each
treatment plant, both existing and proposed, be given
an identification number as shown in Figure 20.
These numbers are used in all references to a given
treatment plant. The length of economically feasible
trunk sewers between these freatment plants was
determined by plotting on a 1:24000 topographic
map, and measuring the distance in feet. These data
are reported in Table 18.

Model Input Data

A user’s manual for the operation of the model
is presented in Appendix A. The required input card
formats are presented in that manual. The required
input data for this study of the Lower Jordan River
Region were obtained from material and data
presented previously in this report or developed as
otherwise indicated on the following tables, The data
required are as follows: Model control parameters,
cost equation coefficients, treatment plant
characteristics, feasible connecting trunk sewers,
population or wastewater projections, and the treat-
ment alternatives.

Model control parameters

Two types of data are required. The first is the
control parameters that actually control how the
model is to operate. These are described in detail in
the user’s manual found in Appendix A. The other
type of data affects the economic analysis of the
model and is presented in Table 19. The variations in
the annual increase values reflect alternative future
conditions, and were used for the sensitivity analysis
of the model.

Cost equation coefficients

The cost coefficients presented in Table 20
determine the costs of expanding and/or upgrading
treatment plants, trunk sewers, and lift stations. The
selection of the appropriate set of coefficients for
treatment plants is controlled by the design index,
which ranges from 1 to 10. The remaining parameters
are for trunk sewers and lift stations.
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Table 15. Treatment plants on Lower Jordan River—1972 loading and actual performance.?

Present Flow BOD Susp(?nded Settlt?a.ble BOD Susp(?nded Settle_able
Year Type of Design d n Solids Solids Ibs/d Solids Solids
No. Wastewater Treatment Plant | Operation yp 8 (mgd) me mg/l mg/l s/cay lbg/day ibs/day
Began Plant Capacity
tmed) | Avg. | Peak |Inf. |Eff. | inf. |Eff. [Int. | Ef. | me. | Eff. | e | Eff. | e, | Ef
DAVIS COUNTY
1 South Davis County 1962 TF 2,27 1.39 1.49 | 182 | 24 | 193 9 |1.1 0.1 2,100 277 | 2,237 104 13 1.2
S. 1. D. South Plant
SALT LAKE COUNTY
2 Salt Lake City . 1965 TF 45,0 33.4 35.8 130 23 {124 | 33 (3.6 [0.2 | 36,168 | 6,390 |34,540 | 9,192 [1,002 |55.7
3 South Salt Lake City 1954 TF 4,55 3.69 | 4.35|170| 19 | 180 8 14.3 0.1 5,250 597 5,539 246 132 3.1
4 Salt Lake City S.S8.D. #1 1955 TF 16.0 11.69 (14,0 173 | 24 [ 182 | 10| 6.0 | 0.1 | 16,840 | 2,330 17,744 975 545 | 9.7
5 Granger-Hunter Imp. Dist, 1959 TF 7.3 6.13 6.75|203 | 25 | 227 9 (8.3 0.1 ] 10,760 | 1,350 |11,605 460 424 5.1
6 Salt Lake County Coctonwood 1958 TF 3.0 5.3 5.9 124 | 29 | 143 | 13 | 5.3 [ O.1 5,470 | 1,280 6,320 575 234 | 4.4
7 Murray City 1953 TF 4.0 2.4 4.3 |262] 30270 10 [4.8 0.1 5,230 599 5,404 200 961 2.0
8 Tri-Community (Midvale) 1956 TF 3.6 3.78 5,46 | 152 | 24 | 159 | 10 |5.7 [ 0.1 4,790 775 5,012 315 180} 3.2
9 Sandy City 1962 AS 1.5 1.73 | 2.07 | 175 22 - - 17.3 0.1 2,520 320 - - 105 1.4
Salt Lake County Sub-total 89.95 |68.12 |78.63
Lower Jordan River Total 92,22 69.51 | 80. 12

a’1'(31'npleton, Linke, and Alsup Consulting Engineers

bTF - Trickling filter, AS - Activated sludge.

and Engineering-Science, Inc. {1973a), Table 6-2.



Table 16. Present and projected populations.®

{Census)  (Estimate) (Low)? (Middle) (High)?
No. Wastewater Treatment Plant 1970 1974 1978 1985 1995 2024 2024 2024
()¢ {4} (11) {21) (50} {50) (50)
DAVIS COUNTY
i South Davis County
&, L. I, South Plant
Worth Salt Lake 2,143 2,972 3, 800 4,700 5,700
Unincorporated 7, 600 3,250 8,900 10,200 11,900
Sub-iotal 9,743 11,222 12,700 14,900 17, 600 17,400 25,400 31,800
SALT LAI‘?E COUNTY
2 Salt Lake City 174, 870 188,367 201, 864 215,361 242,356 219,200 320, 600 401,700
3 South Slt Lake City
Chesterfield
Sub«total 11,821 14,802 17,783 20,764 26,726 30, 100 44,000 55, 100
4 Salt Lake City 8.5.D. #1 86,092 93,918 101,744 105,404 113,581
Tayloxsville-Bennion 19,092 22,546 26,000 33,200 46,745
Sub-total 105, 1ud 116,464 127,744 138, 604 160,326 162,700 223,300 279, 800
5  Granger-Hunter Imp. Dist,
Hearns
Sub~total 49,374 63,450 77,520 91,602 119,758 137,700 201,500 252,000
6 Salt Lake County Cottonwood 34,416 43,025 51,634 60,243 77,462 87,100 127,400 159, 600
7 Murray City 21,308 26,646 31,984 37,322 48, 000 54,000 79,000 99, 000
8  Tri-Community
Midvale 7,499 7,999 8,499 8,999 10, 000
West Jordan 5,473 7,978 10,483 12,988 18, 000
S.L.C.8.8.D. #2 6,823 3,460 10,098 11,733 15, 000
S.L.C.8. 1.D. #1 13,763 20,130 26,497 32,384 45, 600
Sub-tatal 33,557 44,567 55,877 66,584 88, 600 104,200 152,400 190, 900
g9 Sandy City 4,943 5,354 5,769 6,176 7,000
Sandy Suburban 7,432 9, 884 12,334 14,784 19, 682
Sub.total 12,377 15,238 18,099 20,960 26, 682 29,600 43,300 54, 200
Salt Lake County Sub-total 442, 907 514,059 528,211 651,440 789, 907 814, 600 -1, 191, 500 1,492,300
Lower Jordan River Total 452, 650 523,780 594, 911 666,340 801, 507 832,000 1,216,900 1,524,100

a’.(‘empleton, Linke, and Alsup Consulting Engineers and Engineering.Science, Inc, {1973a) up to 1995, straight line projection to 2024.

Estimated from Bishop et al,

“Year of data.

(1974).




Table 17. Average flows of wastewater treatment plants, mgd.?

Present {Estimate) {Low} {Middle) {High}
No. Wastewater Treatment Plant Desxe:n 1974 1978 1985 1993 2024 2024 2024
Capacity b
tragd) {0} 4) (y 20 (50} {50} {50}
DAVIS COUNTY
1 South Davis County
S. L D. South Plant
North Sait Lake
Unincorporated
Sub-total 2.27 1.4 1.7 1.9 2,3 2.3 3.3 4.2
SALT LAKE COUNTY
2 Salt Lake City 45,0 34.1 37.0 40,0 43,8 39.3 57.5 72,1
3 South Salt Lake City 4,88 3.6 4.2 ] 5.9
Chesterfield 0.4 0.8 i.1 1,5
Subtotal 4.0 5.0 5.2 7.8 8,8 12.8 16,1
4 Salt Lake City S.S.D. #1 16,0 9.7 16,3 ti.0 12.0
Tayloravilie-Bennion i 3.0 3.7 4.7
Sub-total 12.1 i3.3 4.7 16,7 15.% 233 29.1
5  Granger-Hunter Imp. Dist, 7.3 4.3 5.8 7.3 2,8
Kearns 2,2 z. 8 3. %7
Sub-total [ &% 6.9 4.2 16.3 23.9 23,9
6  Salt Lake County Cottonwood 8.0 5.7 7.8 9.1 13.0 14, % 21.4 26.8
7  Murray City 4.0 2.8 3.2 3.7 4.6 5.2 1.6 %5
8  Tri-Community 3.6
Midvale £3 i.é L7 LE
West Jordan 1.2 1.6 2.2 2.9
5. L.C.S.8. 0. #2 1.3 1.5 .9 2.4
S.L.C.8 LD o#l Q 3.7 5.0 7.3
Sub-total +.0 8.4 10.8 14. 4 16,9 24.8 31.0
9  Sandy City 1.5 0.7 0.9 1.0 1.4
Sandy Suburban 1.2 1.8 2.2 2.9
Sub-total 1.9 2.7 .2 4.0 4.4 6.8 8,1
Salt Lake County Sub-total 89.4 71.0 5.7 98. 6 118.2 21,4 177.8 222.6
Lower Jordan River Total 92.22 2.4 87.4 100. 5 120.5 123.7 1811 226.8

aTemplemn, Linke, and Alsup Consulting Engineers and Engineering-Science, Inc. (19733} up to 1995, values in 2024

based on population projections and estimated.

bYear of data.

Treatment plant data

The characteristics of the existing and proposed
treatment plants are required to initialize the model.
These plants do not have to be entered into the
model in sequential order as the model will store their
real number and assign a new number to them. The
dynamic programming section of the model uses
present worth as the conirol parameter in the
selection of the optimum set of alternatives; there-
fore, the selection of the appropriate value for the
capital debt of the plants is quite important. The
elevation of the treatment plant is used to calculate
the slope and pumping heads on the trunk sewers
between the plants. The name of the treatment plant
is output by the model as a listing of the input data
for the treatment plants. This provides an easy
correlation between plant number and names. These
data are presented in Table 21.

Feasible connecting trunk sewers

There are a large number of possible trunk
sewers between treatment plants, however, many of

them would not be considered economically desir-
able. The set of feasible sewers presented in Figure 20
and Table 22 were selected to represent the feasible
treatment systems. The length of the trunk sewer
affects the construction costs and lift station require-
ments. A minimum slope of the trunk sewer was
defined in the control parameters section, and this
was used to determine if the flow would be gravity or
if lift stations were required. The existing capacity
and capital debt set the initial conditions for the
model.

Population input data

The population data can be entered for any or
all points during the planning period. However, both
the initial and final population values must be
entered. Since the proposed regional plant does not
serve any population area directly, it does not have to
be entered. The zero value data for that plant will
automatically be generated. These input data are
shown in Table 23,
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Table 18. Trunk sewer lengths, ft.?

13,200 - -

To
1 2 3 4 5 6 7 8 9 10
From
1 - 12,500 - - . - - - - -
2 12,500 - 38,300 41,700 - - - - 40,300
3 . 38,300 - 7,800 - - - - - 9,400
4 - 41,700 7,800 - 5,800 9,300 - - - 2,400
5 - - - 5,800 - - - - . 3,600
6 - - - 9,300 - - 2,800 - - 10,200
7 - - - - 2,800 - 18,600 - -
8 - - - - 18,600 - 13,200 -
9 . .
0

- 40,300 9400 2400 3,600 10,200

Plotted and scaled on 1:24000 scale topographic maps.

Wastewater quantity input data

Wastewater quantities can be entered directly
into the model in place of the population projections
if the appropriate control parameter on card 2 of the
control cards (see Appendix A) is activated. This
option might be used in cases where population does
not have a constant relationship fo wastewater
quantity.

Treatment alternatives
There are a large number of possible combina-

tions of treatment plants and trunk sewers, however,
since this section is only to test the model, 40

Table 19. Selection of model parameters,

alternatives were prepared for study. The first group
of 20 includes all nine treatment plants and one
proposed regional plant on the Lower Jordan River.
The last 20 aliernatives include only the plants
located in Salt Lake County. These were included to
account for the political constraints of county
boundaries.

These alternatives were additionally analyzed
for the effect of the proposed 1977 and 1980 Utah
State effluent standards. The model also has the
capability to apply any time phased effluent
standards to the individual treatment plants if the
assimilative capacity of the river were to be used by
any of the treatment plants. ‘

Annual Increase

1974
Parameter Values -
Low  Projected High
Capital recovery period for treatment plants, yr. 20.0 - - .
Capital recovery period for trunk sewers, yr. 50.0 - - -
Capital recovery period for lift stations, yr. 10.0 - - .
Construction lag time, yr. 2 - - -
Annual rate of interest 0.0600 0.0 0.001675 0.003
Gpd/capita of wastewater flow 100.0 - . .
Peak flow factor (for population projections only) 225 - - -
Peak flow factor (for wastewater flow projections only) 1.25 - - .
Minimum slope of trunk sewer, -ft/1000 ft. -0.100 - - -
Average pumping head of lift stations, ft 25.0 - . -
ENR-B Index for treatment plant and lift station costs 340.66 10,0 26.17 40.0
WPC-S or EPA-S Index for sewer construction costs 211.66 10.0 15.184 30.0
Labor cost index for O&M and power costs 4.36 0.10  0.21 0.30
Time phased treatment levels, 1977 2 - - -
1980 4 -
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Table 20. Input data for cost equation coefficients® - y = k X%,

. Treatment Level Construction Costs 0 & M Costs
Design
Index Initial Final k a k a
1 0 1 1.2010 0.7730 0.0537 0.7750
2 0 2 1.5320 0.8000 0.0599 0.8050
3 0 3 1.7120 0.7890 0.1070 0.7460
4 0 4 2.3620 0.7580 0.1650 0.7300
5 1 2 0.3580 0.8670 0.0133 0.9420
& 1 3 0.5380 0.8170 0.0585 0.7380
7 1 4 1.1880 0.7400 0.1160 0.7180
8 2 3 0.2060 0.6600 0.5230 0.6810
9 2 4 0.8580 0.6490 0.1100 0.6890
10 3 4 0.6780 0.6460 0.6300 0.7220
11 - - 0.1270° 0.3500P 0.0018¢ 0.664(°
12 - . 0.1280d 0.6150¢ 0.0288¢ 0.8970°

3Total cost, v, in mil $; quantity, X, in mgd.

bTrunk sewer construction cost, mil $/mile.

CLift station overall O & M cost, excluding power costs.
dLift station construction costs.

CLift station power costs - y = 10'3 kx3H; His pumping head in ft.

The 40 alternatives were initially analyzed
individually over time to determine the total present
worth of that alternative by its use for 20 years. Four
alternatives were selected from both the Salt Lake
County and Lower Jordan River Region groups for
final comparison by the dynamic programming
model. The best combination of alternatives was
selected by the model and the annual costs and the
list of expansion projects were obtained.

Table 21. Treatment plant input data,

A sensitivity analysis was run for one alterna-
tive by adjusting the amount of the annual increase in
interest rates, ENR-building cost index, EPA-sewer
cost index, and labor rate index. The economic
effects of high and low population projections and
variation in the value of the pesk flow factor were
also determined. An additional seven alternatives
were analyzed to evaluate the effects of inflation on
the selection of the best alternative.

Plant Capacity  Capital Debt? Elevation Treatment Name of Treatment Plant
No. {mgd) (mil §) (613 Level (36 letter limit)
1 2.27 0.3064 4214 1 South Davis Co. S.1.D. South Plant
2 45.0 3.2259 4213 1 Salt Lake City
3 4.55 0.5591 4230 1 South Salt Lake City
4 16.0 0.1138 4238 1 Salt Lake City S.5.D. #1
5 7.3 0.3715 4250 1 Granger-Hunter Imp. Dist.
6 8.0 0.3514 4246 1 Salt Lake County Cottonwood
7 4.0 0 4243 1 Murray City
8 3.6 0.0990 4277 i Tri-Community (Midvale)
9 1.5 0.3111 4300 i Sandy City
10 o 0 4236 4 New Regional Plant @ 300 W 3100 5

3Estimated using construction cost equations adjusted to year built, and applying straight line depreciation.
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Table 22. Input data feasible connecting trunk sewers.

Debt
(mil $)

Capacity

Origin Destination Length
i {mgd)

k (ft)

[

12,500
12,500
38,300
41,700
40,300
38,300
7,800
9,400
41,700
7,800
5,800
9,300
2,400
5,800
3,600
9,300
2,800
10,200
2,800
18,600
18,600
13,200
13,200
40,300
9,400
2,400
3,600
10,200
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Treatment alternative input data

Maps of the treatment alternatives for the
Lower Jordan River Region and the Salt Lake County
area are shown in Figures 21 and 22, respectively.
The treatment levels shown reflect the current or near
future treatment levels. Since the model is capable of
enforcing higher treatment levels on each individual
plant and at different points in time, it may be
desirable to set the plants at the current level and
have them upgraded as required by the time phased
effluent standards.

The treatment plant alternatives are shown with
no flow requirements, but the model is capable of
accepting both low flow and high flow limitations,
When a plant exceeds either limit during the dynamic
programming phase of the model, an arbitrary value
of one billion dollars is added to the present worth
total to prohibit that alternatives selection as an
optimum alternative. This value is removed at a later
year if the condition is changed. A capacity limit
indicator on the printout is also used to indicate this
condition.
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The data from the maps (Figures 21 and 22) are
presented in the proper form for computer input in
Tables 24 and 25. The exact format requirements are
discussed in the user’s manual in Appendix A.

Results of Model Runs

All of the alternatives were analyzed in-
dividually to determine the present worth value of
each alternative. The 20 year tofal present worth
values were used to select the optimum alternatives.
The four alternatives that produced the lowest
present worth values were selected for further
analysis. In Tables 26 and 27 are presented the annual
costs and present worths, both with effluent
standards and without standards, for the Lower
Jordan River Region and the Salt Lake Regions,
respectively.

The selected alternatives were analyzed by the
dynamic programming portion of the model to
determine if there would be any interaction between
the alternatives. At the end of the planning period,
the alternatives were ranked on the basis of present
worth. The rankings for the Lower Jordan River
Region and the Salt Lake County Region are shown
in Tables 28 and 29, respectively. This also contains a
detailed listing of which alternatives were optimum
during each year of the planning period. One of the
more important features of the model is the listing of
quality-capacity expansion projects. In Tables 30 and
31, the required projects are lised for the Ist optimal
treatment sequence for both the regions.

Sensitivity analysis

A sensitivity analysis was run on alternative 8
to provide information about the effect of variations
in the data on the present worth value. The results are
summarized in Table 32. The data are also plotted in
Figures 23 and 24. A relative index was used in
Figure 23 so that effects of the interest rate and cost
indexes could be plotted on the same figure. The true
value is equal to the relative index divided by the
value shown with each parameter.

The seven additional alternative treatment
schemes shown in Figure 25 were analyzed to
determine the effect of inflation on the selection of
the best alternative. The existing debt was set equal
to zero and interest rate was held constant. Three
effluent quality schedules based on the federal
requirements were used. A summary of the model
parameters for the sensitivity analysis are presented in
Table 33. The results of the model runs are shown in
Table 34.
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Table 23. Wastewater flow projections with population or wastewater data.

Wastewater Treatment Plant Numbers

Time

Year Period
1 2 3 4 5 6 7 8 9
Population Projections
1974 0 11,222 188,367 14,802 116,464 63,450 43,025 26, 646 44,567 15,238
1978 4 12,700 201,864 17,783 127,744 77,526 51,634 31,984 55,577 18,099
1985 11 14,900 215,361 20,764 138,604 91, 602 60,243 37,322 66,584 20,960
1995 21 17,600 242,356 26,726 160,326 119,755 77,462 48,000 88,600 26,682
2024 {L)a 50 17,400 219,200 30,100 152,700 137,700 87,100 54,000 104,200 29,600
2024 (M) 50 25,400 320, 600 44,000 223,300 201,500 127,400 79,000 152,400 43,300
2024 (H)® 50 31,800 401,700 55,100 279,800 252,000 159,600 99,000 190,900 54,200
Average Flows of Wastewater Treatment Plants, mgd

1974 0 1.4 34,1 4,0 12,1 6.6 5.7 2.6 4,0 1.9
1978 4 1.7 37.0 5.0 13.3 8.6 7.5 3.2 8.4 2.7
1985 11 1.9 40,0 6,2 14.7 10.9 9.1 3.7 10.8 3.2
1995 21 2.3 43,5 7.8 16.7 14.2 13,0 4.6 14,4 4,0
2024 (L)* 50 2.3 39.3 8.8 15.9 16.3 14, 6 5.2 16.9 4,4
2024 (M) 50 3.3 57.5 12.8 23.3 23,9 21.4 7.6 24.8 6.5
2024 () 50 4.2 72.1 16. 1 29.1 29.9 26,8 9.5 31.0 8.1

*Assume a straight line projection between 1974 and 2024,



Granger-sunter
wIP-5

Jurdan River

© 0 & & & o © ©

South Davis Co. $.1.D.
i

South WTP-

543t Lake City
Weip-2

South Salt Lake
#-3

Salt Lake Syburban #1
WTE-4

Salt ke fapnty
Cottonwood WWiP-6

Murray
W7

Iri-Community
WIP-&

Sandy
W4

Grarass -vunter
wre

Q0 @ & O e 6

dardan ®oger

South favis Co. S.1.0M
South WTP-1

Salr Lgke [ty
WtV

Soutk Safr Cake
wATE-3

Lake Suturban »7
o4

“alt Lake founty
“otignwood WHTP-&

Bovmgy

win.?

TreLommunity
IR G

Granger-Hunter

Jordan River

3

@ 0 & 60 0 e & @

South Davts Co. S.1.0.

South WTF-1

Salt Lake {3ty
WTP-2

South Salt Leke
Wwita.3

541t Lake Suburdan 1
W

Salt Lske founty
Lottamwood WIP-6

Hurrsy
Wi p-?

Tei-Coemunity
WTP-8

Sandy
WiR.g

Granger-Hunter
WG

®@ & 0 6 & @ 6 e

Jardan River

4

Figure 21. Lower Jordan River conceptual wastewater treatment alternatives,

51

South Davis oo S.1.0.
Sauth WWTR. Y

Se1t Leke Coty
W12

South Sait Lake
L

Salt Lake Suburban #1
WIP.4

Salt Lake County
Cottonwood WHTP-6

Myurray
wre-7

Z

Tri-Community
WHTP-8

Sandy
WWTP-9

O fegional facsinty

x Prased out plaat

O Treatment level



Granger-Runtar
WP

){———-—a—-}(—>)(—w>(—-—)<————>-><——-—b-@q—x

Fardas River

5

South Daviz Co. S.1.0.
1

South WITP.

Sait Lake City
WWIf.Z

South 381t Lake
WWIP-3

Salt Lake Suturban #1
WP 4

Satt Lare County
Lotionwood WWTP-6

MWurray
WTP-7

TrivCommenity
WWTF- 8

Sandy
WTP-9

fegional
WA1P-10

Granger Bunter

D

Jardan %iver

X———-—X——u—x—bx—‘—wxf

South Oavig Co. §.1.0.
South WWIP-1

Salt Lake City
2

[ 4N

Sguth Salt Lake
WiTP.3

Salt Lake Suburban 1
WTE.4

Sait Lake County
Lottonwood WWIP-§

Murray
TP 7

Tei-Comunity
(RN

Reg!bml
wir-10

Granger-Hunter
WTP-5

XD XXX WX (DX

Jordsn River

7

Figure 21. Continued.
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Table 24. Input data for the Lower Jordan River wastewater treatment alternatives.
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Table 25. Input data for the Salt Lake County wastewater treatment alternatives.
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Table 26. Wastewater treatment system costs for the Lower Jordan River Region.

With Effluent Standards® Without Effluent Standardsa
Alternative 20 yr Annual Costs 20 yr Present Worths 20 yr Annual Costs 20 yr Present Worths
No.
Total Average TotalP Average Total Average Total Average
(mil $) (mil $) (il $) (mil §) (mil %) (rnil $) (mil $) {(mil $)
1 471.06 23. 55 228.88 11,44 189.48 9.47 97,63 4, 88
2 471.06 23,55 228,88 11. 44 257.93 12.90 134.78 6.74
3 439,13 21. 96 216,02 10, 80 342,17 17,11 175.27 8.76
4 485,24 24,26 246,50 12,33 485,24 24,26 246,56 12.33
5 311.12 15, 56 156, 56° 7.83 149.73 7.49 79. 80 3,99
6 355,19 . 17.76 180.11°€ 9. 00 282.40 14,12 145, 80 7.29
7 384,51 19. 26 193,55 9. 68 273,84 13. 69 141,59 7.08
8 390.71 19, 54 196,49 9. 82 268, 84 13, 44 139,23 £.96
9 353.07 17. 65 176, 14° 8. 81 162,17 8. 11 85.97 4,30
i0 392,03 19. 60 193,78 9. 69 171,17 8,56 89. 87 4,49
11 402,37 20,12 197.18 9, 86 170. 61 8.53 88.55 4,43
12 429, 60 21.48 209,94 10. 50 179,28 5. 96 92,88 4, 64
13 451.39 22, 57 219,94 11,00 184,90 .25 95,55 4.78
14 416,19 20, 81 204, 60 10,23 176,35 8. 82 92.07 4,60
15 439,48 21,97 215,35 10,77 182,77 9. 14 35.15 4.75
16 388.23 19,41 191,49 G, 5% 167,37 K, 37 87.58 4,38
17 462,15 23,10 224.75 11,24 187,00 9, 35 af, 44 4. 82
18 374,02 18,70 183,87 9.19 161,70 8, 0¢ 84,10 4,20
19 394,25 19.71 194.51 9.73 170,41 8,52 89.23 4. 46
20 363,60 18,18 180,47°€ 9.02 162,52 8.13 85.55 4.28
aproposed effluent standards for State of Utah., Treatment level 2, 1977; treatment level 4, 1980.

Values used to select best treatment alternatives,

“Alternatives selected for further study.
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Table 27. Wastewater treatment system costs for the Salt Lake County Region.

With Effluent Standards® Without Effluent Standards®
Alternative 20 yr Annual Costs 20 yr Present Worths 20 yr Annual Costs 20 yr Present Worths
No. Total Average Tmtalb Average Total Average Total Average
{mil $) (mil 8) {mil $) {mil §) (mil $) {mil $) (mil $) {mil $)
21 454,47 22.72 220,89 11.04 183,27 9.106 94,42 4.72
22 454,47 22,72 220,89 11.04 249.95 12, 50 130,60 6. 53
23 423.84 21.19 208.55 10. 43 330. 67 16,53 169,39 8. 47
24 468.22 23,41 237.92 - 11.90 468,22 23,41 237.92 11.90
25 304.31 15.21 152,97° 7. 65 145,49 7.27 77.46 3,87
26 348.60 . 17.43 176.48% 8. 82 278,26 13,91 143,29 7.16
27 377.92 18.90 189,92 9. 50 269.71 13,48 139.08 6,95
28 384,12 19,21 142, 85 9, 64 264,70 13.23 136.73 6, 84
29 336,49 16, 82 168,15 8.41 155,66 7.80 82,76 4,14
30 375,33 18,77 185,72 9,28 164,97 8. 25 86,66 4.33
31 385.79 19.29 189,19 9. 46 164.40 8.22 85.34 4,27
32 413.02 20, 65 201,94 10, 10 173.08 8. 05 89, 67 4,48
33 434,81 21,74 211,94 10, 60 178.76 B, 0 92.34 4, 62
34 399, 60 19.98 196, 61 9. 83 170,15 B, 51 88. 86 4, 44
35 422.90 21.14 207. 36 10,37 176,560 3. 83 q1,94 4, 60
36 371,65 18.58 183, 50 9,17 161,17 8, 06 84,37 4,22
37 445,57 22,28 216,75 10. 84 180.86 9, 04 93,23 4, 66
38 357,43 17. 87 175, 87°¢ 8.79 155,55 7.78 80. 89 4, 04
39 377.66 18. 88 186,51 9.33 164,21 8.21 86,02 4. 30
40 347,02 17.35 172, 48° 8. 62 156.32 7.82 82.34 4,12

aProposed effluent standards for State of Utah, Treatment level 2, 1977; Treatment level 4, 1980.
b\'alues used to select best treatment alternatives,

“Alternatives selected for further study.



Table 28. Optimal treatment sequences for the Lower
Jordan River Region.

Year Period Ist 2nd 3rd 4th
1975 1 5 5 5 5
1976 2 5 5 $ 5
1977 3 5 5 5 5
1978 4 5 5 5 5
1979 5 5 5 5 5
1980 6 5 g 35 5
1981 7 5 5 5 5
1982 8 5 5 5 5
1983 9 5 5 5 5
1984 10 5 5 5 5
1985 11 5 3 5 5
1986 12 5 5 5 5
1987 13 5 s 5 5
1988 14 5 5 5 5
1989 15 5 5 5 5
1990 16 5 5 5 5
1991 17 5 5 5 5
1992 18 5 5 5 5
1993 19 5 5 5 5
1994 20 6 20 9 5
To\t;?i;x:asem 153.80 154.78 155.58 15561
Amit 8.

Discussion of Results

While these are just a few of the possible
alternatives that could be considered, they do give an
idea how the model is to be operated. The model is
able to analyze the expansion costs of a large number
of alternatives at a low computer cost. The average
computer processor time for analyzing ten alterna-
tives over a 20 year period was about 20 seconds. The
time for the dynamic programming portion of the
model for analyzing four alternatives over a 20 year
period was about 30 seconds.

Preliminary selection

Twenty alternatives were analyzed for both the
Lower Jordan River Region and the Salt Lake County
Region. The results of these runs were presented in
Tables 26 and 27. Effluent standards are generally
considered to be mandatory, but it is important to
realize the cost of these standards. In the alternatives
that provided the lowest total cost over 20 years,
alternatives 5 and 25, the imposed effluent standards
doubled the cost of the treatment system that would
have been required without these standards. This
points to the need to investigate the possibilities of
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using the stream for the assimilative capacity that it
does have. This does not imply that the river is to be
degraded to an unusable level, but rather that its
capacity should not be wasted either.

Optimization results

Having made a preliminary selection of the
alternatives, four alternatives were analyzed in the
dynamic programming portion of the model to
determine if there was any interaction between them,
The data presented in Tables 28 and 29 allow the
comparison of these alternatives. Generally, one
alternative will become the optimum path into which
all of the alternatives intersect. This is true because
the alternative which provides the least cost solution
to the treatment system analysis also becomes the
least cost path used by all of the alternatives in the
dynamic programming portion of the model.

The introduction of minimum and maximum
capacity constraints on the treatment plants can
cause a new least cost path to be chosen during the
planning period. In this case, all of the alternatives
would switch to include this alternative in their least
cost path.

Table 29. Optimal treatment sequences for the Salt

Lake Region,
Year  Perod Ist  2nd  3rd  4th
1975 i 25 25 25 25
1976 2 25 25 25 25
1977 3 25 25 25 25
1978 4 25 25 25 25
1979 5 25 25 25 25
1980 6 25 25 25 25
1981 7 25 25 25 25
1982 8 25 25 25 25
1983 9 25 25 25 23
1984 10 25 25 25 25
1985 11 25 25 25 25
1986 12 25 25 25 25
1987 13 25 25 25 25
1988 14 25 25 25 25
1989 15 25 25 25 25
1990 16 25 25 25 23
1991 17 25 25 25 25
1992 18 25 25 25 25
1993 19 25 25 25 25
1994 20 26 40 38 25
Total Present
Worth? 150.36 151.33 15139 15218
amil 5.



Table 30. Quality-capacity expansion projects for the Lower Jordan River Region for 1st optimal treatment

sequence.

Origin  Destination Capacity, mgd

Treatment Level

Capital Debt, mil §

Year K Existing Proposed Existing Proposed  Existing Expansion  Total

1975 1 2 0.00 6.15 0.0000 1.0759 1.0759
1975 2 45.00 188.34 1 2 3.2259 962314 99.4573
1975 3 2 0.00 196.79 0.0000 7.7467 7.7467
1975 4 3 0.00 186.67 0.0000 1.5455 1.5455
1975 5 4 0.00 46.34 0.0000 0.6675 0.6675
1975 6 4 0.00 89.13 0.0000 1.3812 1.3812
1975 7 6 0.00 59.83 0.0000 2.0628 2.0628
1975 8 7 0.00 41.68 0.0000 2.0537 2.0337
1975 9 8 0.00 6.57 0.0000 0.7091 0.7091
1978 2 188.34 188.34 2 4 82,3133 335968 1159100

Quantity-capacity expansion projects

The required construction projects for any
alternative treatment scheme, as shown in Figures 31
and 32, (Appendix A), can be produced. All of the
dates represent the time that the design and construc-
tion process needs to be started if the plant or trunk
sewer is to be completed and operational by the
required date. The length of time was determined by
the construction lag period. Origin J represents a
treatment plant and destination K represents a trunk
sewer between plant J and plant K. The proposed
capacities and treatment levels provide information
for the detailed engineering analysis that must be
done before the results of the model can be applied.
The capital debt information provides an approxi-
mate value of the projects. This listing of projects

allows planning to be done before the need becomes
evident.

Sensitivity analysis

The variation of the parameters in the model
and the related effects on the total present worth
value are shown in Table 32 and Figures 23 and 24.
The EPA sewer construction cost index caused little
effect on the present worth value of alternative 8. On
the other hand, the labor rates, reflecting operation
and maintenance costs, greatly affected the present
worths. Interest rates caused a significant decrease in
the present worth because of the decreasing value of
money with time as the interest rates go up. Projected
populations and the peak flow factor have a sig-
nificant effect on the values of the present worth, but

Table 31. Quality-capacity expansion projects for the Salt Lake County Region for Ist optimal treatment

sequence.

Origin  Destination Capacity, mgd

Treatment Level

Capital Debt, mil $

Year K Existing Proposed Existing Proposed  Existing Expansion  Total

1975 2 45.00 184.21 1 2 3.2259 94,2024 97.4283
1975 3 2 0.00 196.79 0.0000 7.7467 7.7467
1975 4 3 0.00 186.67 0.0000 1.5455 1.5455
1975 § 4 0.00 46.34 0.0000 0.6675 0.6675
1975 6 4 0.00 89.13 0.0000 1.3812 1.3812
1975 7 6 0.00 59.83 0.0000 2.0628 2.0628
1975 8 7 0.00 41.68 0.0000 2.0537 2.0537
1975 9 8 0.00 6.57 0.0000 0.7091 0.7091
1978 2 184.21 184.21 2 4 80.6293  33.1172 113.7465
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Table 32. Sensitivity analysis of model.?

Annual Increase Present Worth Value of Present Worth
in Parameter (mil $) Parameter (mil $)
Interest Rate Population
0.0 210.18 Projections
0.0010 201.69 High 217.07
0.001675° 196.43 Projected® 196.42
0.00255 190.10 Low 170.82
0.0040 180.73 Peak Flow Factor
ENR-B 1.0 109.23
0.0 188.78 1.5 142.84
10.0 191.70 2.25° 196.43
20.0 194.62 2.5 213.56
26.17° 196.43
30.0 197.54
40.0 200.46
EPA-S
0.0 196.27
10.0 196.37
15.184° 196.43
20.0 196.47
30.0 196.57
Labor Rates
0.0 161.60
0.10 178.18
0.21° 196.43
0.30 211.35
0.40 22794

21Using alternative No. 8.
mejected values used for all runs.

may have little effect on the decision process of
selecting between alternatives, because it is applied
equally to all alternatives. It is possible that popula-
tion could increase faster in one area while the other
areas are slower, but the planning period is short
enough to compensate for these irregularities.

The inflation of the construction and operating
costs, as shown in Table 34, have a significant effect
on the present worth of each alternative. However,
the ranking of each alternative on the basis of present
worth remained the same both with and without
inflation. Some variations in ranking were noted

when total annual costs were used as the basis of

selection. In general, consideration of inflation is
required to determine the true cost of an alternative
but it may not be required for the selection of the
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best alternative since all of the alternatives experience
the same inflation rates. The decision on whether or
not to consider inflation in the model will depend
upon whether the alternatives experience expansion
requirements at similar points in time or at widely
different points in time,

Other applications

The model was limited to four treatment levels,
but it could be easily modified to include many more
combinations of levels. Some possible additions in-
clude land spreading of effluents and different treat-
ment methods developed by a changing technology.
The model contains sufficient flexibility to be
adapted to the needs of most users with only minor
changes.
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Table 33. Model parameters for sensitivity analysis.

1974 Annual Increase
Parameter Values With Inflation
Capital recovery period for treatment plants, yr. 300 -
Capital recovery period for trunk sewers, yr. 60.0 -
Capital recovery period for lift stations, yr. 300 -
Construction lag time, yr. 2.0 -
Annual rate of interest 0.0687 0
Gpd/capita of wastewater flow 100.0 .
Peak flow factor 1.0 -
Minimum slope of trunk sewer, -ft/1000 ft -0.10 -
Average pumping head of lift stations, ft 25.0 -
ENR-B Index for treatment plant and lift station costs 340.66 26.17
WPC-S or EPA-S Index for sewer construction costs 211.66 15.184
Labor cost index for O & M and power costs 4.36 0.21
Time phased treatment levels, 1977 2 -
1980 3 -
1983 4 -
Table 34. Effects of inflation on wastewater treatment systems costs.?
With Infilation® Without Infilation
. 20 yr Annual 20 yr Present 20 yr Annual 20 yr Present
1 t
A t??;? e Costs Worths Costs Worths
Total  Average Total  Average Total  Average Total. Average
(mil $) (mil $) mil$) (mil ) (mil §) (mil §) (mil$) (mil$)
EFFLUENT LEVEL 2¢
41 141.88 7.09 75.87 3.7 111.57 5.58 62.43 3.12
42 143.51 7.18 75.674 3.78 116.17 5.51 61.08¢ 3.05
43 158.04 7.90 83.03 4.15 120.63 6.03 66.71 334
44 152.09 7.60 80.09 4.00 116.51 5.83 64.54 3.23
45 15045 7.52 79.18 396 115.18 5.76 63.77 3.19
46 147.70 7.38 71.75 3.89 113.07 5.65 62.62 3.13
47 167.10 835 84.76 4.24 122.02 6.10 65.58 3.28
EFFLUENT LEVELS 2,3
41 170.1% 8.51 88.484d 442 12990 6.50 70914 3.54
42 180.27 9.01 92.02 4.60 133.90 6.70 72.04 3.60
43 205.05 10.25 103.89 5.19 15095 475 80.69 4.03
44 194.28 9.71 " 98.83 494 143.74 7.19 77.10 3.86
45 192.08 9.60 97.67 4.88 142.04 7.10 76.17 3.81
46 188.16 9.41 95.73 4.79 139.18 6.96 74.67 3.73
47 225.46 11.27 110.53 5.53 159.50 7.98 82.79 4.14
EFFLUENT LEVELS 234
41 203.49 10.17 101.554 5.08 149.74 7.49 78.904 395
42 221.47 11.07 108.21 5.41 158.46 7.92 81.95 4.10
43 255.54 12.78 123.73 6.19 181.06 9.05 92.83 4.64
44 240.40 12.02 11695 5.85 171.23 8.56 88.19 4.41
45 237.71 11.89 115.60 5.78 169.24 8.46 87.14 4.35
46 232.72 11.64 113.24 5.66 165.75 8.29 85.39 4.27
47 287.81 14.39 134.89 6.74 196 .46 9.82 97.62 4.88
#Salt Lake County Plants, no existing plant debt. “Required effluent levels—1977 - level 2, 1980 - level 3, 1983 - level 4,

b A nnuat increases of cost indexes, interest rate constant. dMinﬁmum cost alternative.
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Appendix A

User’s Manual

Wastewater Treatment Optimization Model-WTOM

Purpose of model

The dynamic programming model was devel-
oped to be used as a planning tool by regional and
local planners, governmental agencies, and consulting
firms. It provides information on the sequential
expansion, upgrading, and regionalization of waste-
water treatment plants at a minimum total dis-
counted future cost. The required input data are the
projected populations, the per capita contribution of
wastewater, the peak flow factor, wastewater treat-
ment plant and trunk sewer data, interest rates, cost
indices, and cost coefficients. The economic effects
of several alternative future conditions on the treat-
ment needs of a region can then be analyzed.

Model options

The model contains several optional modes of
operation and also the ability to suppress several of
the output formats.

IEDIT. The edit data are used primarily for the
debugging of the model, but does provide detailed
information on the mathematical operations of the
model. It produces a large volume of data for each
year, and is not recommended for general use in the
operation of the model. Definitions of all of the
headings are presented in Table 35, and a sample
output listing of the edit data is presented in Figure

ILIST. The list data provide an annual summary
of the capacity, capital debt, expansion costs, annual
costs, and present worth values for each treatment
plant and trunk sewer for each alternative. A sample
output listing is presented in Figure 27.

IPW. This output provides the present worth
values and the optimum back path for each alterna-
tive for each year. It is these values which were used
in the dynamic prograrnming portion of the model to
select the optimum path. A listing is shown in Figure
28.

IRANK. This output provides the ranking of
the final alternatives on the basis of their total
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accumnulated present worth values in the final plan-
ning year. A sample listing is shown in Figure 29.

NRANK. The number of ranking data to be
printed indicates how many of the final alternatives
will be listed. This output provides the record of the
present worth values over the entire planning period
for the path that produced the given total values of
final present worth. A sample listing is shown in
Figure 30.

NALTPR. Up to this point all of the data
output were produced by the dynamic programming
portion of the model. NALTPR indicates the number
of alternatives listed under the ranking data, Figure
29, for which a detailed analysis is desired. The latter
portion of the model, that is under the control of this
index, recalculates all of the costs along the optimum
path previously selected, and produces the output
that follows. A summary of annual costs is also
printed with this option. A sample listing of this
output is shown in Figure 31.

IPROJ. This option provides a listing of all the
quality and capacity expansion projects required by
an alternative or by the alternatives on the optimum
path calculated by the dynamic programming portion
of the model. A sample listing is presented in Figure
32.

IANUAL. This output produces a detailed
output listing of the annual operations of each
treatment plant and trunk sewer. If an item is not
used, the data are not printed. The index indicates
how many years these data are to be printed. A
sample listing is shown in Figure 33.

NONDYN. This option allows an individual
alternative to be suboptimized over the planning
period. The dynamic programming portion of the
model is bypassed, and all the annual costs of the
alternative under consideration are calculated. The
number of alternatives to be analyzed by this method
is controlled by the NALTPR option, and the same
output listings are produced.



Table 35. Definitions of column headings.

Herding Definition

ANNUAL Annual repayment of previous years capital debt, mil $.

BACK Alternative in previous year that provided the rminimum total present worth
cost to provide alternative M this year.

CAPAC Capacity of treatment plant or trunk sewer, mgd.

CAP LIMIT Indicates when a capacity constraint has been exceeded. A '0'is the
normal condition, a '1'indicates a minimum capacity, and a ‘2’ indicates
that a maximum capacity has been exceeded.

DEBT Existing capital debt of the facility, mil $.

DEMAND Annual increase in the quantity of wastewater, mgd.

DESIGN Design capacity of the facility, mgd.

DESIGN INDEX

Indicates which cost coefficients were used to calculate construction and
O & M costs of treatment plants.

Quantity of wastewater treated by treatment plant or transported by trunk

Quantity of wastewater treated by treatment plant or transported by trunk
sewer in year L plus the construction lag time. This quantity used for

EXISTING Existing capacity of the facility, mgd.
EXPANSION Coustruction cost of proposed expansion, mil §.
FLOW
sewer in year L, mgd,
FLOWL
design of future facilities.
J Wastewater treatment plant number.
K Destination of trunk sewer from plant J to plant K.
L Index of year with L. = 1 for the initial year of study.

LIFT STATIONS
M

Number of lift stations required by trunk sewer.
Alternative treatment system be considered.

Alternative in previous year that provided the minimum total present worth

Cumulative total present worth going from the initial year to the present

Total capital debt equals existing capital debt minus annual repayment plus

e cost to provide alternative M this year.
O&M Annual operation and maintenance costs, mil $.
OPTVAL
year,
TOTAL
cost of expansion, mil §.
TSTAR Design period of facility, yr.
VALUE Present worth value of alternative M in year L, mil §.
Input data formats

and column simplify the process of making runs

under varying conditions.

The card formats and definitions of the required

data for the model are presented in Table 36. Some
of the parameters and their output listings are
discussed in more detail in the following sections.

Sample outputs

Control parameters. The control parameters
used to operate the model and control the economic
conditions are listed for each run. A sample of this
output is shown in Figure 34. The listing of card type
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Cost coefficients. The costs of treating and
transporting wastewater are represented in general by
the equation - y = k X%, Ten treatment options are
available as shown in Table 37. The ‘0" level indicates
the construction of a new treatment plant. Four
levels of treatment are possible. The definition of
these levels will change with changing technology.

The first ten (10) rows of model output record,
shown in Figure 35, represent these ten treatment



LEST vRlA = HUN 3

UPTIMUN ALTERNATIVES

LM oM g X CAPAC BEBT ANHUAL  EXPANSION  TOTAL VALUE UPIVAL
HGD HiL 3 ®IL & MIL 3 MIL 8 HiL 8 niL s
2 5 5 1 2,27 03068 gl 0267 040000 0e2797
2 5 5 1 2 4,59 0.0000 020000 05839 045839
2 v 5 2 188,34 302259 042812 9642318 99,1760
2 5 s 3 4,55 045591 N T 0.,0000 0.5104
2 % s 3 2 196479 0.0u00 0,000U ?.7467 7e7a67
2 5 5 4 16,00 G.1138 0.0099 6.0000 041039
2 5 5 & 3 186487 0.0000 0,0000 145455 145455
Figure 26. Edit data listing.
EulY GATA & pus 3
ANNUAL PRESENT ®ORYH DiTA
O K% 2 g CAP FiLge FLOWL DEsAND  TSTAR oIaled LIy CxESTiNG DESION nesy EXFARSION  ANNUAL G 6N VALUE
Linit L34 W&o #el #80 1%0Cx  ATATIONS #Gp MGD Mii $ HIL HiL s nit s Wit &
2 s » 1 [ Va0 8e00  $.0000 LY 5 2.271 227 #3044 846080 Ba92%2 340000 0488352
12 2481 2377 0.087¢ 28590 ¢ .00 4 se 0000 #3039 040800 00080 8,0080
2 5 5 2 U 121489 129.0% 2.9288 20480 4 43568 108:30 TeR259 #8,2318 De263 21942 Zaalyy
a 3% > 3 ¢ 0200 U800 10,0000 0200 3 Aa5S 4,35 ns3391 040000 $agAsY 010000 [ rs-15-14
3 2 Tai0 HR AT Ze28T0 35:00 G $:00  $98479 10000 Torhs? € 0000 Y0008 00000
2 % 5 & o ¢+ 00 0,00 D.0000 1314 3 16,00 146400 Pat13s 020000 Qnl0ve $40000 40094
4 3 TRt THSD Talete 30400 Q D.00  186:87 #0000 1.54%% {90000 020080 G£0000
2 % 28 © Qe 0a00 0,0000 Q00 3 30 T 38 643713 00000 20308 F:0000 0,030%
> & 15.07 16485 0,3938  $0s00 g 281 46234 A0000 Gs06TY 00000 L0000 G.0000
& 5 v s Q Sau 4+00 00000 0230 3 Be08 8400 aedsis ¢ 4200 Ce028¢ 00060 0.,028%
LI 30,70 33:82 1.1080 S0.00 ¢ Gy 08 89,13 20000 ted8i2 210000 820000 0 .0000
s 20,53 2248% 047428 50:00 ] Qed0 52,83 040000 Ga3360  QelBa0 020000  O,0800
4 5 3 8 ] 2,00 $200 ©.0000 G+DO s Y80 3:60 Ba0980 G000 4r0081 024040 G008}
8 7 1428 15280 05176 30400 ¢ L.00 488 010000 2.G33Y 9+000¢ 040G00 60000
¢ 5 > 9 /] Dot G:02  B.0000 G900 L] 1150 1:50 035118 940000 [ 25241 §+0000 040258
L2 1 3.5¢ 323 040832 88400 ¢ GeB 437 #,0080 2,700 Q. 0000 @ 0000  0,0000
11,0878
£ % & 'l 0400 2400 040000 [- 231 * de2? Re27 DeI082 Ge0Q0C 00252 28000 0.08%52
t 2 2+6) YT $208T6 S0480 ¢ [ 234 (2311 440000 Q.b348 Cagbos Ge0000 Ha0blo
&« 5 & 2 Q@ 12185 129483 2.924% 20400 4 4300 18834 322259 A ITY 2281 Q2858 211942 24393
& % & 3 (1] «00 Ve D.0000 P00 3 4485 #4535 133341 Q4100060 0:04%9 $20000 0,048y
L I § 8530 B2142  Za287% 3000 L] Bel 18679 4s0000 ToT08Y Dago0e 040000 G.0000
2 5 & & o deud €200 00000 00 5 18,00 14:00 FI3e 1 B48300 V0094 00060 GeB094
. ¥ 72460 T8:2¢ 221816 %0+00 ¢ €100 18aedT 028800 1:3455 00000 G000 G 0080
@ 5 & 8 o Ge 00 0,90 ©,0000 6D L] T:30 7:30 [1%1a3] 20000 0.030% R+0000 ©.030%
3 & 13:07 18405 045938 40408 ] Q00 (TP 1} £$+0000 Vssk7s Ga0008 010000 $a0000
£ 5 ¢ 6 v Sa00 S«00  0,0000 LT 3 8400 8,00 013514 Q.0000 Vs0289 @e00Q0 V0289
& & 3000 3383 1.1040 %000 ¢ 8400 85432 8.00300 1,3802 040080 T 0000 &, 0000
O Y 20+5) 2345 0 7428 800D 1] (234 $9.:8) 210000 093360 220000 Gepo00 2,0000
4 % & & Q 000 Gedl  D40000 L2 s 380 3465 #20390 06000 00081 0.0000 0.8081
Figure 27. List data.

alternatives. AK and ALPHA represent k and a for
the construction cost equation and BK and BALPHA
represent the operation and maintenance equation.
AK{11) and ALPHA(11) represent the cost equation
for trunk sewer construction costs per mile, and
AK(12) and ALPHA(12) represent the construction
costs of a Jift station feeding the gravity trunk sewer.
The quantity of flow, ‘X, is measured in million
gallons per day (mgd). The operation and main-
tenance cost of the lift station are in two parts.
BK(11) and BALPHAC(1 1) represent the cost equation
for the general operation and maintenance costs of a
Lift station, and BK(12) and BALPHA(12) represent
the average cost of power for the lift station. The
latter equation is represented by y = k X%H, where H
is the pumping head. BK(12) is presented as k x
1000.0 to allow the use of the same format in the
model. The cost equation in the model is adjusted to
reflect this change in value.
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Wastewater treatment plant data. The output
listing of the treatment plant is shown in Figure 36.
These data are also required for any proposed
treatment plants. The plants do not have to enter into
the model in any order, as the model stores their real
number and assigns & sequential number to the
inputed order, ~

Trunk sewer data. The data of the existing and
proposed trunk sewer system is required (Figure 37).
This includes the length, capacity, and existing debt.
The values for pumping head and slope are calculated
and presented along with this output.

Annual cost factors. The annual values of the
interest rate, capital recovery factors, and inflation
indices are output as shown in Figure 38. The interest
rate and the cost indices are inputed as control data



PRESENT WORTH VALUES USED TO SELECT OPTIMuM PATH = RUN 3
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Figure 28. Present worth values for each alternative.
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RANKING OF FINAL ALTERNATIVES = RUN

SEQUENCE ALTERNATIVE GRTVAL
1 3 96,7633
2 20 98,1765
3 9 99,3225
4 % 99,3637

Figure 29. Ranking of final alternatives.

as shown in Figure 34. These are used to calculate the
values of Figure 38,

Population projection data. Population data can
be entered for any number of points in the planning
period. The computer calculates a straight line be-
tween these values and fills in any holes in the data.
The initial year of the study is presented as period ‘0’
and the fifth year as year ‘5. Planning periods up to
50 years can be used. A sample output is shown in
Figure 39.

Wastewater quantities. Quantities of wastewater
produced in each area are calculated from per capita
contributions and peak flow factors. These results are
presented in Figure 40,

Time-phased treatment levels. State and federal
regulations of effluent quality have established a

2
1
2
3

11
12
ie
11

10
14
13
11
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VALUE OPTVAL
«6329 2:6329
s 84657 168657
«9211 2:9211
+ 0550 3,0550
«68397 142826
21783 1346440
4591 1593802
+3754 14+4309%
+53438 248178
2 7065 2843505
+2768 26+ 6570
v2842 2547047

timetable for the upgrading of treatment plants. This
schedule is entered into the computer to require the
upgrading of treatment plants at given points in time.
These data are presented along with the wastewater
quantities in Figure 40. Individual plants can also be
given timed treatment levels. A sample listing of this
output is shown in Figure 41.

Trunk sewer alternative path table. The last
section of input data provides information about
which trunk sewers and treatment plants are being
used for each alternative. Bach trunk sewer used is
indicated by noting the alternative, m; the origin, §;
and the destination, k, on the data card. If a
treatment plant is treating its and others wastewater,
the destination, k, is set equal to the origin, j. This is
converted in the output table to a ‘1’ in the last
column. The input table indicates all areas which
supply wastewater to a given plant by the use ofa ‘1.
This table is shown in Figure 42. The required
treatment levels are also indicated.

Operation instructions

Card sequence. The input cards must be in the
order indicated on the card format, Table 36. Cards
with ‘99’ in columns 1 and 2 are required after the
trunk sewer data, card 8; the population data, card 9;
the time phased treatment level data, cards 10 and
11; and the trunk sewer feasible path data, card 12.

Card layout. In the figure below is the pictorial
layout of the cards and data. The control cards will
vary with type of computer.



NUMBER I RANKING OF ALTERNATIVES = RUN 3

YEAR L L] VALUE OPTVAL

MIL 3 MIL 3
1974 1 5 040000 040000
1975 2 5 246329 246329
1976 3 5 1146497 1442826
1977 4 5 1045348 2448174
1978 5 5 95343 3843517
1979 6 5 13.8484 4748001
1y8y 7 5 1242567 60+0567
1981 8 5 1141835 7142402
iv82 9 5 1062169 8144571
1983 10 5 923459 3048031
ivsa 11 6 5.e98602 G6+7633

Figure 30. Annual listing of present worths for one alternative.

SUMMARY UF ANNUAL CUSTS = KUN 3~ 3

CAPITAL UERT . Ugw . TOTAL Paty
YeAK ALTERNATIVE TOTAL ANNUAL ANNUAL ANNUAL ANNUAL
» wIiL s MIL 2 MIL 8 MIL 3 MIL ¢

1978 5 4.8728 Uy 8658 2.3468 248122 246509
1978 ) 10642919 10,0545 3.2402 1342947 1147949
vy 5 9849652 943267 348689 127956 10:6674
1978 5 90.325% 8.6398 31,7064 1243442 946551
1v7Y 5 1128393 1140829 7e4221 18.5050 13,5581
1980 5 10246124 10,2269 748050 18,0319 1243582
1¥81 5 9341887 9.4238 841946 17:6184 1142735%
1vb2 5 8445172 8.6715 8.5908 17:2623 10,2984
1903 S T6e5893 Te9679 8+99136 1649614 9s4192
1ysa 6 692384 7+3109 4.3761 11.6871 6.0324
141.3128 9T 7056

Figure 31. Summary of annual costs.

SUALITY = CAPACITY EXPANSION PROJECTS = RUM 31

TeA  OMIGIR  BESTIKATION CAPACITY, NGO TREATHENT LEVEL CAPITAL DEBY, NIt 8

4 EXIsTING ‘PROPUSED  EXISTING FROPOSED EXtSTING EXPARSLON TOTAL
eea wwnae
1973 ? 2 000 8415 0,0000 120739 140739
1875 2 45,00 $183.3a 3 2 122259 F6:2318 99.457%
1973 3 2 3.00 196479 040000 Fi7an? TarasT
1978 4 3 0400 185467 060000 1:8455 165455
1#7y s 8 200 48,34 640000 PRrre sy Ue867%
1vrs 3 A .00 89413 650000 13812 1.3812
157% 7 ) 3498 59,83 24,0000 22,0888 24028
1¥7s 8 ? L 41488 2+900¢ 2¢0%37 200537
¥ ¥ b Te4d 8.5T7 $:0000 0,709 Gallvy
1978 2 188438 188,38 4 4 52,3133 3343968 1315:2100
1ria 3 19 0,08 11.41 00000 Z.0154 7:01%38
1vse X to [NT] 187490 040000 GeT139 [292% 1]
1vns 3 10 .40 $2.48 040000 Ge 5989 048969
tvde 10 . 00 139401 [ ] 00000 18%.a021 165,4071

Figure 32. Quality-capacity expansion projects.
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Table 36. Listing of input card parameters.

Card Column Name Definition Eq Ref Units
1 1-2 IRUN Run number
2 1-2 NUMPLT Number of existing and proposed treat-
ment plants {(max - 10}
9.10 NUMYR Number of planning years {max - 50)
17-18 NUMALT Number of alternative plans (max - 10)
25-28 NYEAR Initial year of study
33-34 IFLOW Flow projections: 1 - wastewater,
G - pepulation
41-42 ITSTAR Design period: 1T - optimal, 0 . capital
recovery period
3 1-2 IEDIT Number of years that edit data is printed
9-10 ILIST Number of years that list data i« printed
17-18  IPW Number of years that present svorth rata
is printed for optimum alternatives
25-26 IRANK Print ranking of alternatives at end of
planning period: 1 - yes, ¢ - no
33-34 NRANK Number ol alternatives for which annual
present worths are to be printed
41-42 NALTPR Number of alternatives to be analyred
in detail in terms of annual costs
49-50 IPROJT Print list of quality-capacity cxpansion
projects: 1 - yes, 0 - no
57-58 IANUAL Number of years that summary of
optimum operations is printed
65-66 NONDYN Bypass dynamic programming portion
and suboptimize individual alternatives:
1 - yes, 0 - no
4 1.4 PERP Capital recovery period of treatment PER (14} yr
plants
9-.10 PERS Capital recovery period of trunk sewers PER (14} yr
17-20 PERL Capital recovery period of lift stations PER (14} yr
25-26 LAG Construction lag time LAGP (24) yr
33-40 RATE Annual rate of interest in base year R {13) dec
41-48 ANRATE Annual increase in the rate of interest ANRATE {13} dec
49-56 GPDCAP Gpdfcapitz&of wastewater flow GPDCAP (16) gal
57-64 PEAK Peak flow factor f (16)
65-72° SLOPEM Minimuam slope of gravity sewer -fA000 ft
73-80 HEAD Average pumping head of lift station H (61} ft
5 1.8 PINDA ENR-B cost index for construction of INDEXA {15)
treatment plants and lift stations in
base year of cost data
3-16 PINDB ENR-B cost index for initial year of INDEXB {15)
study
17-24 PINDF Annual increase in ENR-B index ANFAC (15)
25-32  SINDA WPC-S or EPA-S cost index for trunk INDEXA {15}

sewers for the base year of cost data
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Table 36. Continued.

Card Column Name Definition Eq Ref Units
33-40 SINDB WPC-5 or EPA -5 cost inrdex for initial INDEXB {15)
year of study
41-48 SINDF Annual increase in WPC-5 or EFA-§ ANFAC {15)
cost index
49-56 OMINDA Labor rates or other O& M cost index INDEXA (15)
for bage year of cost data
57-64 OMINDB Labor rates or other Q& M cost inlex INDEXB {15)
for initial year of study
65-72 OMINDF Annual increase in labor rates or other ANFAC {15)
O& M index
[3 1-8 AK(i) Cost coefficient of capital costs: Treat- k; (56) mil §
ment plants, 1 = 1, . ,10: trunk sewers,
i = 11: and lift station, 1t = 12
9-16 ALPHA(i) Economy of scale of capital costs: oy (56}
Treatment plants, i =1, . ,10; trunk
sewers, 1 = 11; and lift stations, i+ 12
17-24 BK(i) Cost coefficients of O& M costs: Treat- ky (56) mil$
rment plants, i = 1, . ,1{; lift station, &
= 11; and 1ift station power { = 12 (Note:
Power costs are given as 103 times
true cost)
25-.32 BALPHAL) Economy of scale of O& M costs: Treat- aj (56}
ment plants, i =1, . ,10; lift station, i
= 11; and lift station power, i = 12
7 1.2 i Treatment plant number
9-16 CAPP{j) Capacity of treatment plant CAPPj (6) mgd
17-24 DEBTP(j) Capital debt of treatment plant j DEBTPj {7} mil &
25.32 ELEV{j) Elevation of treatment plant j £t
33-34 LTREAT(}) Level of treatment at plant j LTREATj
41.72 BNAME(, 1) Name of treatment plant j
8 1-2 i Origin of trunk sewer, plant j
9-10 k Destination of trunk sewer, plant k
1724 DIST(j, k) Length of trunk sewer DIS'}C:;k {12) ft
25-32 CAPS{j, k) Capacity of trunk sewer CAPSjk (%) mgd
33.40 DEBTS(j, k) Debt of trunk sewer z)E:B'rsjk (10} mil §
9 1.2 3 Number of treatment plant j
9«10 n Year of population data, Use ‘0! for
initial year of study, and 'l' for next
year
17-28 POP(j,n) Population projected for plant or area POP,l {16}
j in the nth year of the study. All 3 '
points of time, except first and last
are optional. Wastewater quantities
can be used in place of population by
getting IFLOW = 1
10 1-2 n The number of the year in which a state

or federal effluent standard level will be
enacted. Usen = 0 for initial year of
study
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Table 36. Continued.

Card Column MName Definition 4] Rel {inits
9.10 LQUAL{ ‘Irealment level required for ('.,?UAI,E {17}
eifluent stan:lard
11 1-2 n Time period
9.10  j Treatment plant nnmber
1718 LLOUALIN, P Treatment level required for plant i
in period n
i2 IPATH(j,k,m} Alternative paths from plan: ) to plam P {18)
< s B . i
1.2 m k for alternative m. Setj . ki treag- .
910 j ment planl is being used
17-18  k
25-26 MTREAT{j.m) Treatment leve: required by site .\’f'l'REﬁAT,m {23}
native m tor plent j 4
33-40 CAPMING,m} Mintmum allowabtde flow ilone st b mg<t
alterpnative m for plant j. i1 this lmit
is exceeded, the CAP LIMIT index is
set equal to ], aend o salue of 107 i
added to the present worth in the
dvnamic pregranuning portion
41-48 CAPMAX{},m) Maximum allowable flow from plant }. mgd
If this limit is exceeded, the CAP
LIMIT index will be set equal to &, or
an alternate trunk sewer will handle
the excess flow
SURNARY OF UPTINUM OPERATIONS = RUN 3 =
YRR ALT O#Julw DEBT CAP  FLON FLOWL DINAND TSTAR DESIGN LIFT £x1ST DESIGN  DEST FXPANSION ANWUAL O & ¥ TOTAL Powe
] ] % LINIT D M&O  WGD YR IMDEX STATION 4D  méd  afL 8 Wil & BIL 3 WL S NIL & NIl 8
1S 8 l 0 0,00  0.00 0.00 0,00 s 37 2427 0.2797 040000 0e0R67  0,0000  0.0267 ve0d
1vis 3 i 7 2268 2477 0.07 30400 1 600 6:35 140786 1.075¢  0.0000 0,0035  0.0038
1978 S 2 0 121,85 129485 2.92 20:00 3 45,00 13030 99,1780 F8.23I4 Q42813 53277 24088 Taab
ivrs 8 3 0 0.00 0,00 0,00 0.00 H 485 Ae55  0,830a  0:0000  G.0487 0.0000  0.088T Q.08
4¥rs 3 3 2 76,10 82:42 2.29 50,00 © 0,00 196479  Y.7A87  TaTa6T 040000 0,080  0.0000
1524 2] & ¢ 0,00  8.00 0.00 0.00 3 18,00 14.00 03030 00000 0.D09% 60,0000 0. 0099 Ge0l
1973 8 a 72,60 784,59 2,14 50,00 ¢ 0400 188447  1,948% 13455 0.0000 0,0000  0.0000
s 5 s ¢ 0400 0.00 0.00 0400 s Te30  T430  0,33%1  0,0000  0.0326 0,0000 0,037 0.a3
1915 3 5 a 13,07 16,65 0,58 30,00 O 040D 483X 0,5074  0.387%  0.0000 0.0000  0.0000
1975 % . @ 0.08 0490 3400 0200 s 8400  Be00 06,3208  D.0000 040308 0.0000 0,030 0.03
1975 3 . . 30470 3383 1431 50400 G 0400 SPEY 131> 3.3012 040000 0.0000  0.0000
s 5 r . 20433 22,69 0.7a 30,00 1 000 3%.B3  2,0828 240620  0.0000 0.0153  0.31%%
1915 3 s O 0400  0.00 0,00 8400 2.40 3480 0,0804  0.0000  0,0088 D,0000  0.0088 oe0t
s¥73 S &8 t 14,20 15.80 Q.82 30,00 ¢ 000 sl 240337 2.0%3F  0.0000 0.0000 Da$D00
1v7s 3 * & 0400 ©.00 0,00 0400 1550 1450 O.28ap 040000 0,0271 06,0000  Q.0271 (N3
s S 9 ) 2.5Y 391 0,05 30400 0 0,00  #e87 0,708 0u7091  0.0000 0,0000 0.0000
28122 2.45

Figure 33. Summary of optimum operations.
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CUNTRDOL PARAMETERS = RUN 3

CARD coL
3 = RUN NUMBER 1 te 2
10 = NUMBER OF EXISTING AND PROPOSED PLANTS F4 i= 2
10 = NUMHBER OF PLANNING YEARS 2 9=10
4 = NUMBER OF ALTERNATIVE PLANS 2 17=18
1974 = INITIAL YEAR OF STuDY 2 25=28
0 « FLOWS FRUMs 1 = WASTEWATER., 0 = POPULATION 2 33=34
0 = DESIGN PERIUD» 1 = OPTIMAL, 0 = CAP, REC. PERIOD 2 431=42
1 = NUMBER OF YEARS THAT EDIT DATA 15 PRINTED 3 1=2
1 = NUMHBER OF YEARS THAT LISY DATA 15 PRINTED 3 9=10
1 =~ PRINT PRESENT wWORTH OATA» &t = YES» O = NO 3 17=18
I = PRINT RANKINGs 1 *» YESs Q0 = NO 3 25=26
1 = NUMBER UOF ANNUAL LISTINGS OF PRESENT wWORTH 3 33«34
1 = NUMBER NF ALTERNATIVES ANALYSED FOR ANNUAL COSTS 3 41242
1 = PRINT QUALITY=CAPACITY PROJECYSs 1 = YES» O = NO 3 49450
1 = NUMBER OF YEARS UF SUMMARY OF OPTIMuM OPERATION 3 57=54
0 » QPTIMIZE INUIVIDUAL ALTERNATIVES» 1 « YES, O ~ NCO 3 65768
200 = CAPITAL RECOVERY PERIUD FOR TREATMENT PLANTSsYR 4 1=4
5040 = CAPITAL RECOVERY PERIOD FOR TRUNK SEWERSsYR 4 9e12
10.0 = CAPITAL RECOVERY PRERIOD FOR LIST STATIONS»YR 4 17=20
2 = CONSTRUCTION LAG TIMESYR 4 25%28
QsV600 = ANNUAL RATE UF INTEREST 4 33=40
0,00167% = ANNUAL RATE OF INCREASE OF INTEREST 4 41=486
1004000 = GPD/CAPITA OF WASTEWATER FLOW 4 49=56
2+250 = PEAK FLOW FACTOR 4 57=64
«0.1000 = MINIMUM SLOFPE OF TRUNK SEWER, “F1/71000 FT 4 65=72
25,00 = AVEHAGE PUMPING HEAD OF LIFT STATIUNS,FT 4 72+50
34046600 » ENR~B INDEX FOR COST DATA 5 1= 8
34046600 = ENR=B INDEX FOR STUDY YEAR 5 =16
2641700 = ANNUAL INCREASE OF ENR=B INDEX 5 17=24
21146600 = WPC=5 INDEX FOR COST DATA ] 25+32
21146600 = wpPC=S INDEX FOR STUDY YEAR 5 33=40
1541840 = ANNUAL INCREASE OF wPC~S INDEX > {1=48
443600 = 0 & M INDEX FOR COST DATA 5 49=56
443600 = 0 & M INDEX FOR STUDY YEAR 5 57=64
0+2100 = ANNUAL INCREASE OF O & M INDEX s 6572
Figure 34. Control parameters.
Table 37. Design index selection of treatment altematives.
Design index 2 3 4 i0
Treatment levels
Initial ¢ 0 0 o
Final 1 2 3 3 4
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CUST LWUATION CUEFFICIENTS = RUR 3

CONSTRUCTION COSTSs ®IL $ . 0§ ¥ CNSTS, Iy %

Lol = fes Cut = 9-1s LUt = 1724 Citl * pUw32
12010 % AXC 1) 7730 = ALPHAC 12 0,0537 = BKC 1) QL7750 « BALPHAL 1)
: §eD32U = AK( 22 VsB0UG = ALPHAL 2 0,05%9 = BRL 2) 0:805%0 = dALPHAL 2)
37120 = AK( ) G890 = ALPHAC 3} 01070 = AKL 33 0,7480 * SALPrAL 3}
i 223620 = AK( &) U 7580 = ALPHAL &) 0.1850 = BXU &) 07100 = HALPWA{ 4}
: 0:3560 = AK( 57 CeBBT0 ~ ALPHAL %) 0.0133 ~ BHKL 59 069520 * BALPHAL %)
UsI30Q0 = AK( &) G48170 = ALPHAL &) 0.0585 « BRL 6 G.7180 * BRLPRAL 83
1248480 = AK( 7) TeTAUG = ALPRAL T) 0431860 «» ARl 7} 07180 = BaLPHAL 1)
0e €U0 = AXR{ 8) Qebs00 ~ ALPHAL B) 0.%230 = wri 83 0s8A10 = BALPHAL B}
0.8580 = AK( 9) VsbaPu = ALPHAL 9) 01100 « BKC 9) 0sbRIN = BALPHAL 9}
U780 = AK(10) OsbMb0 = ALPHAC10) 0.6300 = (10} 047220 * BaLPrA{LOQ)
Usd270 = AK(11} Ved9U0 = ALPHACIL) 0.0018 = 8K(1Y) Oetaq0 * HALPHA(LL)
vel200 = AK(12) Usd150 = ALPHA(12) Qo288 « BXO12) DeBO7Q = BALPMALLIZ)

Figure 35. Output listing of cost equation coefficients.

THEATMENT PLANT INPUT DATA « RUN 3

PLANT  CAPACITY UEYT ELEVATIUN TREATHMENT LEVEL NAKE
3 "Gy HiL=s FY
i 2e27 0s3084 2218,00 1 SQUTH DAVIS COUNTY » SOUTH watP
F 45.00 A.2259 4213.00 1 SALY LAKE CITY
3 B35 0e5591 4230400 1 SDUTH SALT LAKE CITY
4 16400 021138 4238.00 1 SALT LAKE CITY 5a5:0. #1
> Ts3y 043715 4250400 1 GRANGER=HUNTER
L] 8400 043514 4246400 1 SALT LAKE CUUNTY COTTONWOOD
7 4400 000000 4243.00 1 MURKAY
] 3.60 040990 4277400 1 TRI=COMMUNITY
9 1.50 0v3111 4300.00 1 SANDY
19 gs00 040000 4236400 0 NEW HEGIUNAL wWlP

Figure 36. Output listing of wastewater treatment plant data.
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THUNK SEWER INPUT OATA ANU CALCULATED PARAMETERS = HUN 3

FRUM TO
J 'y

[

-
CURPLAGCLELNFTOCOCNECECOVUNCENC LMWK

- -
CCOOOCCETNNOOCOG UL TEDEWWWNRKNALNLM

DISTANCE
FT

12500,00
12500.,00
38300.00
41700,00
40300,900
38300400
T800,00
Y400,.,00
41700.00
7800,00
5800400
9300,00
2400400
5800,00
3600.00
F300,00
2800,00
10200,00
2800.,00
18600,00
18600,0u
12200.00
13200.00
40300.00
9400,00
2400.00
3600.00
10200.,00

CAPACLTY DEBTY
MGD MiL=s
Gru0 00000
0.00 0.0000
0.00 Ge0000
0s00 0s0000
0.00 0s0000
0400 0.,0000
0,00 00,0000
Q.00 0.0000
0.00 00000
Q.00 0s0000
0.00 040000
Q.00 00000
0,00 00,0000
G 00 00000
G.00 040000
Ga00 0.0000
G.00 020000
0.00 00000
0.00 0.0000
0,00 0.0000
0.00 0.0000
0.00 00000
Qe0U 0.0000
0«00 0+0000
0400 0+0000
0,00 00000
0«00 0s0000
0,00 00000

Figure 37. Output listing of trunk sewer data,

AnNUAL CUST FACTYURS ~ RUN

TEAK

i9r4
1975
1976
1244
1978
1979
1980
1981
1¥82
iv83
1¥84

INTEREST

RATE

008600
0a0617
Ue0638
0.00650
G2 0667
0.00684
00701
00717
Ue0734
00751
0768

CRF
sTp

Q.0872
00884
040896
0.0908
040920
Q0932
040954
040957
QeD9SY
00981
00994

3

CRY
SEWER

040434
VeDB49
040669,
020679
040695
Qe0710
00725
00740
0+07%6
0s0771
0e0787

Figure 38. Output listing of annual cost factors.

CRF
LIFT STAYION

041359
8+1389
Ga1380
841391
Gs14802
Ceta13
0e1424
Qe1435
01446
Oetan7
Or18649

89

HEAD
FT

=100
1.00
17.00
25,00
23.00
*17.,00
8,00
6400
=25.00
8,00
12.00
8.00
=2+00
=12.,00
14,00
=B.00
=3.00
“10.,00
3.00
34,00
=34,00
23,00
“23.,00
*23.00
*6.,00
2.00
14.00
1000

HUTLOING
CUST FALTUR

1.0000
120768
141536
1.2305%
143073
13801
1ek60Y
1.5378
1ab146
1e8%14
1.7682

SLOPE
FI/71000 FY

=0.0800
040800
Ved &3y
045995
05707
*0el439
1.0256
0e6383
*U25995
=14025%6
2:0690
048602
~0.8333
~2+0690
“3.8889
“0.,8602
“1.0714
=0.9804
1.0714
148280
~1+8280
147428
*le7424
=0.5707
=0.s6383
0.8333
3.8889
09804

SEWER
CuST FACTOR

1,0000
100717
1.1435
12152
142870
13587
14304
15022
145739
150458
147174

LEE ]
COSY FaCTaR

1.0000
10482
120963
151845
1.1927
1.2408
102890
1.3372
1.38%3
104335
1.4817



PUFULATIUN DATA < RUN

PENMIUL  YRAR

0 1974
1 1975
2 1976
3 1977
[} 1y78
5 1979
6 1¥80
7 1981
8 1982
9 1v43
1Y) 1ysa
11 1985
12 1988
13 132-14
la 18 4-1.1
15 1989
16 1990
134 1991l
18 1v92
iy 1993
<0 1994
Z3 1995
13 1996
23 1997
1} 1998
25 1999
26 2000
27 2001
28 2002
29 2003
EL] 20va

1

112220
11592,
11Y61.
12331
12700
13014,
13329,
13683,
13957
18271
145086
14900
15170
15440,
15710
15980
16250,
16920,
14790
17060
17330,
17600,
17869,
14138,
18407
18676,
18945,
19214,
19483
19752
20021,

2

188367
191741,
195116,
198490
201864,
203792,
2057204
207648
2V9577.
211505
213433,
215361,
218061,
220760
223460
226159,
228859
231558,
234258.
236957
2396857,
2423560
245054
247752,
2504504
253148,
25584864
2585484,
261242,
263val.
266639,

3

14802,
15%a7.
16293,
17038,
17783
18209,
18635,
19061,
194864
19912,
20330,
20764
21360
21956
24553
23149,
23745,
24341
24937,
25534,
26130
26726
27322,
27917
28513,
29109
29704
30300,
30896,
31891
32087,

Figure 39. Output listing of population data.

wASTERALLK FLUNS

PERIUL  TLAX

v 1¥7a
1 1975
¢ 19Te
3 177
“ 1978
S 1¥79
3 1980
7 1981
3 19 -4
v 1v83
1YY} lvoe
11 1vsd
1¥3 lvae
i3 182.34
le 1vss
1 tysy
le 1v9Q
%4 1vvl
in 1vy2
1y 1yv3
<w 1y9s
e} 1995
2 ivye
<3 1997
' tyve
<y 1yve
{1 2000
a7 2001
r 4v02
Zy 2903
30 2u0a

TinE PRASLE
TREATHRENT LEVEL

B BB E OB ED ERE S ML LEEDED EEEBNRNN =

U PLANTS [N MGD = Hun

2452
2461
2.6y
277
2e¢86
eV}
3.:00
3e07
delu
Jacl
Jegt
Je iy
Jeutl
Joul
Jeb3
3eby
3s06
372
3.70
Jeoa
Jevu
390
Heu2
.08
“eld
4s 2V
4226
432
4e30
LTy LY
8450

3

82438
43,18
33,90
da,60
45482
45465
406,29
46,72
47015
a7.59
48402
4nha.a6
4y, 06
ave.s’
SU.28
Su. 89
5le49
Nea10
kYER 41
53,32
53.92
94453
95,18
55.7a
56435
56,96
57.57
58417
58.78
59,139
5%.99

4

116464,
119284,
122104,
128924,
1277a4.
129295,
130847,
132398,
133950,
135501,
137053,
138604,
140776,
182948,
145121,
147293,
189465,
151637,
153809,
155982,
1581548,
160326,
162498
163669,
16684l
169012,
171188,
173355,
175827«
177698,
179870,

3433
3.50
3e67
3443
4400
410
419
$e29
4e3n
4etd
[TLY:)
4087
4e8l
4494
507
Se21
EXEL
S8R
9.61
37>
S.88
6201
beln
6.28
bea2
6455
beb8
682
6495
Te09
.22

PLANT NUMBER

5

63450
66%69,
70488,
78007,
77526,
79537,
81548,
83559,
85569,
87580,
89591,
91602,
Qu4l1r.
97233,
100048,
102863,
105679,
108494,
111309,
114124,
1146920,
119755,
122574,
125393,
128211,
13310304
1338489,
136668,
139487,
182305,
145124,

26420
26484
2747
28411
28474
29409
29.84
29.79
30410
3049
Ju.B8
31419
3167
32.16
32465
33418
334863
38412
LYY}
35410
35.58
d6s07
36496
37,04
37454
38403
38.5%2
V.00
39429
39.98
a0.nr

[

4302%.
85177,
47330,
49882,
51634,
52864,
54094,
55324
56553,
ST7T83.
59013,
80243,
61965,
638687,
65409,
67131
68853,
70574,
712296
TA01b,.
715740,
TTa82.
79184,
80906
82628,
86350,
86072,
87794,
89516,
91238,
92960,

26646,
27981,
29315,
30650,
31984,
32747,
33509,
34272
35034,
35797,
36559
373224
38390,
39458,
40525,
41593,
42661
43729,
48797,
458640
46932,
48000,
43069,
50138,
51207,
5227064
53345,
SA414.
55483,
565524
$7621,

PLANT NUMBER
b L]

tus2b
15.07
15486
16465
17ea0
17490
18435
18,80
1%425%
1%.7%
20s18
20681
21,24
21.88
22451
23414
23.728
24441
2%.04
2%, 68
26,31
286494
27.50
28421
20.8%
2v.a8
0412
V.75
31.38
32.02
32485

Figure 40. Wastewater quantitites and time-phased treatment levels.

90

WebB
10.186
10485
11413
Lieb?2
11489
12,17
12445
12277
13.00
13.28
13455
13,94
14433
14,72
1510
15.av
15.88
16.27
10465
17404
17,43
17.82
18420
18.%9
18.98
19.37
19e75
2014
20453
20492

8

44567,
47320,
50072,
5282%.
55577,
57149,
58722,
60294,
61867,
63439,
65012,
66584,
aB7H6.
70987,
riige.,
75390,
77592,
19734,
81999,
as197,
861948,
88600,
90800,
93000,
95200,
97400,
99600,
1018004
104000,
106200,
108400,

6400 10,03
6430 10.85
6180 1127
6490 11489
7,20 12450
Tiar 12486
7,54 13.21
7?1 13,57
7.88 13.v2
8403 1a,27
B.23 13.03
8,40 tuo9n
Bas4 15,48
8488 15.97
9.12 16447
9.36 16.¥6
Y80 17.a0
9aty4 17495
10,08 18445
10,32 1H.va
10,56 19.84
10,80 19494
11,08 20.42
11.28 20493
11452 21442
11.76 231492
12,00 22.a1
12.24 22,9
12.48 234,40
12,72 2390
12,98 24439

9

15238,
15953,
16669
17384,
18099,
18508,
18916,
19325,
18734,
20143,
20551
20960,
20932,
20904,
20877,
20849,
20821 .
20793.
20765,
207348,
20710,
20682,
21862,
22242,
23022.
23802,
24582,
23362,
261424
26921,
27701,

3a43
3.59
3.75
3491
4s07
aslt
4edb
4e35
Galu
4s93
4s02
4al2
@t
470
w70
a.069
LXX-T1.)
408
4ad7
4,07
4abh
4e05
4,03
5400
Se18
5430
5e53
Yel1
S48
8208
6223

0400
0400
0400
0400
0.00
0.00
0400
0400
0,00
)
0400
0,00
0400
0400
0400
V.00
0,90
0.90
0400
0.02
V.o
J.00
0,00
0.00
0,00
0.00
0400
0.00
V400
0.00
0400
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Figure 41. Individual plant time-phased treatment levels.
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TRUNK SRXER ALTERMATIVE PATH TABLE » RUN

0 1

14

1

ALT
PATH

RAY CAP
LIS

iS4

HiN Cap

LEVEL

ALT PLANT THEATHENT

R -

cagoocomone

coooOOOBBa

BOBBCOO SO

VROOOGOwCO

E e -2

vococooBOB

BCCOM DB OC

VBB OO GARO

EETET Y- X221

VOO OOVOGOo

COCARCOCOm

Dtk D ot o G

5 on ot ot e o (3 P

O n - €3 DD

L L -]

k-G GS

GMmauOODCE

PHmODOCOOB

DNOCGOODOBO

OO BODDBO

999,99
999,99
IR 9
999,99
999,99
999,99
999,93
9499
999,99
999,99

0. 00
0400
0400
0400
0400
.00
000
De00
0»00
0100

BABOOOOBOD

B T

N ADBDANaN

CHAOOOOOG

BB O ORGO

CCoOOBDOSS
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Figure 42. Alternative trunk sewer path table.
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/END

el
(ALTERNATIVE 2}
{LIMIT - O}
JCARD TYPEI2 CONNECTING SEWER LINKS

/oD

(ALTERNATIVE )
A CARD TYPE 12 CONNECTING SEWER LINKS

/98

{(VARIABLE LENGTH)

{(VARIABLE LENGTH) 1
/c ARD TYPE © Popuz.Ano‘;eagﬁ WASTEWATER /
99 i
(VARIABLE LENGTH) i
CARD TYPE 8 TRUNK SEWER DATA /
(VARIABLE LENGTH) =
CARD TYPE 7 TREATMENT PLANT DATA /
(l2 CARDS) [~
J/ CARD TYPE 6 COST COEFFICIENTS
/CARD TYPE & COST INDICES /
/CARD TYPE & ECONOMIC CONTROL =
JCARD TYPE 3 OPTION CONTROL.
CARD TYPE 2 CONTROL PARAMETERS /
CARD TYPE RUN NUMBER [‘
/DATA INPUT /
SOURCE DECK i

4
/PATA

/COMPUTER ACCESS & RUN CARDS

Figure 43. Pictorial layout of input cards.
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Appendix B

Generalized Model Flow Chart

initialize Systern
Enter Model Parameters
Control Parameter !
Enter Cost
quation Parameters

Optimize All Plants and

Sewers for Each Year L.

( : ) - Analyze Each

Alternative M

nter Parameters
for Treatment Plants
} Caleulate Wastewater Loads at

ntex Parameters L., L+ LAG, and L + 20
For Trunk Sewers
Output Flows

Calculate Slope of Collected
Trunk Sewers 1

’ Belect Best
Calculate Annual Back Path

Cost Facters I

Analyze Each
Enter Population c7 Plant I

Wastewater Data

Calculate Quantity of Wastewater
nter Time Phased Treated by Plants
Treatment Levels ‘
Calculate Annual Increase in
Caleulate Quantity of Demand Over 20 Years

Wastewater Flow

Initialize Plant
Cutput Base Flows Parameters
Treatment Plants

Enter Connecting Trunk Sewer Quantity
Links foxr Each Alternative Treated
L.ess Than

Minimum

Build and Load Path
Tables for Each Alternative

Set
Check

Output Path Tables
'or Each Alternativi

Determine Design
Index

Bypass
Dyrnarmic
Programming
ection
4
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Toes
Fresent
Capacity &
Treatment
Level Meet

CGalculate Optimurm
Design Period

Calculate Plant
Design Capacity

Does
Design

Capacity
Exceed

There An
Alternative
Flow Path

Set Capacity
Egqual to Maxirnum

Set
Check

f

Calculate Cost To

Increage Capacity

Caleulate Cost To
Upgrade Plant

|

Calculate O M
Cost of Plant

|

Calculate Annual
Debt Repayment

Caleulate Present
Worth of Annual Payments

Determine Loads on
The Trunk Sewers

Does

Capacity Mean
Demand

F)etermine Cptimum Desig:]

Period for Trunk Sewers

Determine Optimum Design
Period for Lift Stations

!

Determine Temporary Capacity
For Trunk Sewers and Lift Stations

Yes

Calculate Cost For
Gravity Trunk Sewer

L

Caleulate Cost for Gravity _]

Trunk Sewer and Lift Station

Caleulate O& M Costs for
Lift Stations
Caleulate Annual
Debt Repayment

Caleulate Present Worths
Of Annual Payments

Output
Edit Data

Last

Treatment

Plant
?

Select Optimaum
Back Route
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Alternative
?

Yes

( Yearly Update of
Optimmum Datda Filea

Cutput List F
Data

Laat Year

;jRank Optimal- Values of
. Last Pi;nngpx Year

1 Begin ‘Calculation of All Data Far

|

Recalculates the
Optimum ;Path

- Mhitlalize
.| System Parametera
Optimize All Plantsa.
ewers for Each Yearld

95

at L, L + LAG, and L + 20

Output Flows
Collected
N | Analyze Each Plant J
Calculate Quantity of
Wastewater Treated by Plants

ICalculate Wastewater Loads

Calculate Annual Increase in
Demand Over 20 Years

Determine Deaign
Index

Caleulate Optirnum
Design Period B

Celculate Plant
Deaign Capacity

Does
CDeai
apacid
Exgecd ¥
axim

Flow Path



Equal to Maximum
Set
Check
Calculate Cost To
Increase Capacity

Caleulate Cost To
Upgrade Plant

Calculate Annual
Debt Repayment

Caleulate O& M
Cost of Plant

[ Set Capacity l

Caleulate Present
Worth of Annual Payments

|

H
Determine Loads on
the Trunk Sewers

Does
Capacity Meet
Demand

Determine Optimum Design
Period for Trunk Sewers

[

Determine Optimum Design
Period for Lift Stations

l

Determine Temporary Capacity
For Trunk Sewers and Lift Stations

No

Yes

Calculate Cost for
Gravity Trunk Sewera

Calculate Cost for Gravity
Trunk Sewer and Lift Station

|

! Caleulate O & M Costs for

Lift Stations

(O

Caleulate Annual
Debt Repayment

Calculate Present Worthse

Of Annual Payrents

]

Last

Treatment

Plant
?

COutput Surnmary
Of Aannual Costs

Output List of
{Quality -~ Capacity
Fxpansion Projecty

ast Optimu
Path To Be
Analyzed




Appendix C

Program Listing

KRR AR AT RN AR RN R AR AR R AR R AR R R AR R R XA MR R A R A AR AR N R R AN R AR A AR AR AN TR AR RN

WASTEWATER TREATHENT QOPTIMIZATION MODEL * wiOM
BURROUGHS 6700 = FORTHAN TV

UTAH STATE UNIVERSITY

(22232 28 R R X E R R R Y R R Y N TS R R R R SRS SRS 222 2

FILE S®WASTEIN
FILE 6=wASTEQUT
UIMENSION AK{12)» ALPHAC12)» BK(12)s BALPHAC12)
DIMENSION 1PLTL99)» JPLT(11}
UIMENSIOGN CAPP(IV)» DEBTP(10)s ELEV(10)s LTREAT(10)
DIMENSION ANAMEC10:9)s BNAME(SY)
DIMENSION DIST(10,110s CAPSCI0,11)s DEBTIS(10,13)» SHEADCIO,11),
1 SLUPE(i10,11)
UIMENSIUN RETURN(S1)s CRFP(S1)s CHRFS(513s CRFLES1)
DIMENSION FACCAP(S1)s FACSEN(S1)s FACOM(S])
UIMENSION POP(10»71)s LQUAL(TI), QUANT(10,71)
DIMENSION IPATH{10511,10)0s NALTCL0), MTHEAT(10210)
UIMENSION IN(10510,30), IOUTCIG,11:10)
UIMENSION TCAPP(10,2,30)s TDEBYP(10,2,10)
DIMENSION TCAPS(10,5152»10), TOEBTS(10,11+2+10)
OIMENSION ACAPP(10)s ADEHTP(L0), FDEBTP(10)» LTTRET(1O)
DIMENSION CUEBTP(10)» AOHP(10)» MBACK(S1+10)
DIMENSIUN ABOMS(11)
UIMENSION ACAPS(10511), ADESBTS(10,11)s FDEBYS(10,11)
OIMENSION NUMLS(10s11)
OIMENSION BUOMS(11)» CDEBTS(11), BDEBTS(11)s OPTVAL(S1,10)
UIMENSION VALUE(S1,10), NUMINS(1313, MALT{S1)s KALT(11)
VIMENSION KYEAR(100)» KORIGNC100)s KDESY(100)s CAPI(100)»
1 CAP2(100), KTRET1(100)» KTRET2(100)» EXDEBT(100)s DEBTEX(100),
2 TDEBT(100)» NUMLSP(100)
OIMENSION TOTCAP(S51)s TAN(S51), TOM(S1)
DIMENSION ANPCI0)s OMPCI0)s OMSC10,11)s ANS(10,11)
OIMENSION UDEBTPF(10,10)» DEBTSF(10,11,10)
OIMENSION LUUALJC10s71)s ICHECK(10,10,10)
VIMENSIUON CAPMINC10,10)s CAPMAX(10,10)
DIMENSION COLECTC(10), COLLAGLL1O)s FUTURE(1D)
DIMENSION TALTC10510)
UIMENSION LCHECK(1O)
DIMENSION TUTPW(T13s ECAPS(13)s KTREAT(10+2+10)
EWUIVALENCE (IPATH»IOUT)
EQUIVALENCE (POPsQUANT)
DATA ASPACE/Z' '/
1 FURMAT (12)
2 FURMAT (*iCONTROL PARAMETERS = RUN', 147/ 64X, 'CARD', &X» 'COL'/)
3 FURMAT (3(12s 6X)» la, &Xs 2012, 6X))
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4 FURMAT (8Xs I4»' = HUN NUMBER', 41Xs '3's 4Xs 1o 2%/7/

1 6X, I4, * = NUMBER OF EXISTING AN PROPOSED PLANTS': 13X: '2°%,

2 4Xs 1= 2+ 7/ 8X%Xs 14, ' = NUMBER UF PLANNING YEARS'» 27X, °2':

3 4xs '9=10%/7 6Xs I4s ' » NUMBER 0OF ALTERNATIVE PLANS®» 24X, '2'»
4 3Xs '17=18'/ 8Xs las ' = INITIAL YEAR OF STUDY's 30X, *2'a

5 3Xs '25+28° / 8Xs l4, ' = FLUWS FROMs 3 = WASTEWATERs 0 = POPULAT
6IUN'S 9X, *'2's 3X, '33%34' / 8X, 14, * = DESIGN PERIOD» 1 = QPTIMA
TLe O = CAP, REC, PERIOD'»s 3Xs *2', 3X, '41=42' //)

5 FURMAT (9(12s 6X)2

6 FURMAT (8X, 14s ' = NUMBER OF YEARS THAT EDIT DATA IS PRINTED's
110Xs *'37%, gxs '1%2' / BX» 14, ' = NUMBER OF YEARS THAT LIST DATA
215 PRINTED's 10Xs '3's 4X, '9=10% / 8Xs l&s ' = PRINT PRESENT WOR
3TH UDATAs | = YES» O = NO's 10Xs *'3'; 3X» 'i7=18' /

4 B8Xe la4, ' = PRINT RANKINGs 1 = YES» O = NO's 21X» *3%s 3%, '25%26
5' / 8Xs 14, ' = NUMBER OF ANNUAL LISTINGS OF PRESENT WORTH',

6 9Xs '3', 3Xs '33%34' 7 BXAs14 ' = NUMBER OF ALTERNATIVES ANALYSED
7 PUR ANNUAL COSTS's 3X» '3', 3X» 'a1=42' / 8X, I4, ' = PRINT QUALI
BTY=CAPACITY PROJECTSs § ™ YESs 0 = NO', 3Xs '3', 3Xs '49%50' /

9 8X» I4, t = NUMBEK OF YEARS OF SUMMARY OF OPTIMUM OPERATION', 4X»
w3, 3X, 'S57°S8*' / BXs 145 ' = OGPTIMIZE INDIVIDUAL ALTERNATIVES,
1 ™ YES» 0 = NO'» 2X» *3's 3X» '65=66t //)

7 FURMAT ( 3(F4.1, 4X)s 12+ 6Xs 6FB8.4)

8 FURMAT (BXs Fasls ' = CAPITAL RECOVERY PERICD FOR TREATMENT PLANTS
1oYR', 4Xs '4', 4%, 'i1w4' 4/ 8X» Fhu,1, ' = CAPITAL RECOVERY PERICD
2FUR TRUNK SEWERSSYR', 8Xs '4', a4Xe '9=12's / B8X» Fasls ' = CAPITAL

RECOVERY PRERIND FUR LIST STATIONSsYR's 6Xe 'a'y, 3Xs '17=20' /

6Xs Ids ' = CONSTRUCTION LAG TIME,YR', 27Xs '4°', 3Xs '25=28' /

€Xs F10s4, ' = ANNUAL HATE OF INTEREST's 28X, 'a', 3X» ‘'33=40' /
£X» F1046s ' = ANNUAL RATE OF INCHEASE OF INTEREST's 16X» ‘a4,
3Xs '41%48' / 2X» F1043s ' ™ GPD/CAPITA OF WASTEWATER FLOW'» 22X,
4% 3X, t49°56" / 2%Xs F10.3, ' = PEAK FLOW FACTOR®, 35X, '4's
3xs 'S57=64' / 2Xs F1044s ' = MINIMUM SLOPE OF TRUNK SEWERs =FT/1
*UU0 FT', 10Xs '4', 3X, '65=72' / 2%X» F10e2s ' = AVERAGE PUMPING HE
L1AU UF LIFT STATIONSSFT's 11Xs *4', 3Xs '72=80% 7/}

¥ FURMAT (9F8.4)

10 FURMAY (2X, F10.4s ' = ENR=B INDEX FOR COST DATA®», 26Xs 'St
1 64Xy *1= 8* / 2X» F10.45 * = ENR=B INDEX FOR STUDY YEAR', 25X»
2 'S's 8X%s'9%146' 7 2Xs F1lOe4» * = ANNUAL INCREASE OF ENR=B INDEX',
3 21X» 'S8*%, 3Xs '17%24' / 2X» FlO44s ' = WPCeS INDEX FOR COST DATA
4 T, 25X '8, 3%, '25%32' / 2X» F10.4, ' = WPC=S INDEX FOR STUDY Y
SEAR's 25X, '5', 3X» '33%40' /2X» F10,85 ' © ANNUAL INCREASE 0OF WPC
65 INDEX's 21Xs 'S5's 3Xe '41=38' / 2%, F1004; ' = 0 & M INDEX FOR
T LOST DATA'» 26Xs "S's 3Xs '49256% / 2Xs F10e4s * » 0 & M INDEX
8FUR STUDY YEAR's 25X» '5's 3Xs 'S7=84' / 2Xs F10s4s ' = ANNUAL IN
GUKEASE OF 0 & M INDEX', 21Xs *5',3X, '65=72°//)

11 FORMAT ('1C0OST EQUATION COEFFICIENTS = RUN's 14 /7/714X%X» YCONSTRUCY

1I1UN COSTS, MIL $'s 33X, "0 & M COSTS, MIL 3' /)
12 VURMAT (&4F844)
13 FURMAT (9X, 'COL = 1=8%' » 15X, 'COL = 9216%, 18Xs 'COL = 17=24",
1 16X%Xs 'COL = 25=32' /)

14 FURMAT (2X, F10,40 ' = AK('s 125 "), 8Xs F1048, ' » ALPHAC', 12
1 :):. 6Xs F10s4s ' = BKC's 125 )%, 6Xs F10:4, ° = BALPHA('s 120
2 "))

15 FURMAY (*1TREATMENT PLANT INPUT DATA =« RUN '» I4//)

L VI QY O )

16 FURMAT (' PLANT CAPACITY DEBT ELEVATION TREATHMENT LEVEL
1 NAME')
17 FURMAT (! o MGD HiL=$ FTi/7)

18 FURMAT (12, 6Xs 3FBsta 125 6Xs 9AR)

19 FURMAT (2X, 122 2X» FB42» 2Xs F10.4s 2Xs FBu20 BXs l&s 10Xs 9A4)

20 FURMAT (/' INVALID TREATHENT PLANT DATA» SEGe NUM ='s I4» ' DATA
1 s 120 2Xs FBe2s FBets FBe2s 2Xs 125 &4Xo 9ASR7)
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23 F?RMAT ('1TRUNK SEWER INPUT OATA AND CALCULATED PARAMETERS = RUN',
1 ias7)

26 FURMAT (' FROM TO ODiSTANCT CAPACITY DEBY HEAD 5LU"E
1"

o7 FURMAT (! J K FY MGD MiL=s FT FT1/71000
1F1Y/7)

28 FURMAT (125 6Xs 124 6X» FBeZs FBs2s F1248)

29 FURMAT (14, 15, F1042s F8s2r 2Xs F1044s FBe » FS.8)

30 FURMAT (/' INVALID (RUNK SEwER DATA = 'y 2X» 12, 2X» 12» 2X»
1 21042, F12:447)
35 FURKMAY ('1 ANNUAL CUST FACTORS = RUN*, 14 /)

36 FURMAT (' YEAR INTEREST CRF CRF CRF BUI
1LUING SEWER g & MY
37 FUKMAT (! RATE STP SEWER LIFT STYATION COST

IFACTUR C€OST FACTOR COST FACTUR'/)

38 FURMAT (2%,14s F1O0es4s F1048s FLOs4s F1044s SXs F1004s 3Xs
1 FiOeks 2%, F10.4)

45 FURMAT (12, 6Xs I2» 6Xs F1240)

g6 FURMAT(/' INVALID POPULATION DATA = *, 16s 2X, l4as 2X» F10,27)

47 FURMAT (/' INVALID WASTEWATER QUANTITIES = 'a2 [4s 2X» 14s 2%,
1 F10.27)

a8 FURMAT (3X,12s4Xs14s #(F9,0))

50 FURMAT (*1PuPULATIUN DATA = RUN ', Ia//)

51 FURMAT ( «Al, 'PLANT NUMBER')

52 FORMAT (' PERIOD VYEAR's #(4Xs I2s 3X3) 7))

55 FURMAT (12, 6Xs 12)

56 FURMAT (' INVALID TIME PHASED TREATMENT LEVEL PARAMETER = *, 216/

6U FURMAT (YIWASTEWATER FLONS TU PLANTYS IN MGD = RUN 'y 147/

61 FURMAT (' PERIOD YEAR TIME PHASED '» #Al,; 'PLANT NUMBER')

62 FURMAT (15xs 'TREATMENT LEVEL'» #(4Xs 12+ 2X) /3

63 FURMAT (3%, 12» aXs 14, B8Xs 120 7Xs a(FS842) )

64 FURMAT ( 3(12» 6%X)2

65 FURMAT (/' INVALID TIME PHASED TREATMENT LEVEL FOR TREATHMENT PLANT
15 =%y 3(14, 6X) /)

66 FORMAT ('1INOIVIDUAL TREATHMENT PLANT TINE PHASED TREATMENT LEVELS
1* RUN'y 14 77}

&7 FURMAT (' PERIOD YEAR's #Al, *'PLANY NUMBER')

68 FURMAT (15x, «(aXs 12, 2X) 7 )

69 FURMAT (3xXs I2s a4Xs 145 2Xs *(&Xs 12, 2X) )

70 FURMAT (12, &X» 125 86X, 125 6Xs 12, 6Xs 2FB4k)

71 FURMAT (' INVALID TRUNK SEWER LINK DATA = 's I8, 2Xs 145 2X» 14»
1 2X» las 2% 2F1042 /% .

75 FURMAY (')1TRUNK SEWER ALTERNATIVE PATH TABLE = RUN'*» 14 77)

76 FURMAT (' ALT PLANT TREATMENT MIN CAP MAX CAP ALTty 2Al,
1 "INPUT', wAls 'DUTPUT?)

T?7 FURMAT (13xs TLEVEL', 6Xs 'MGD®s 6Xs 'MGD', 4Xs *PATH's {14},
1 2Xs #(14) 7/ 3

B0 FORMAT (13, 3Xs 120 6Xo 12 GXe FBa2s 1X» FBe2» &Xs 120 1Xe
1 =(1a), 2X, *(18) )

B2 FURMAT (135 3X» I2s 6Xs 126 4Xs FB42s 1X» FOe2s 4Xse 2Xe  1Xs
1 *CIa), 2X, =C13) )

90 FURMAT (f0t)

92 FORMAT (*1WASTEWATER FLOWS COLLECTED BY TREATHMENT PLANTS, MGDs RU
IN = Yy 14 27}

93 FURMAT (' PERIGD VYEAR ALT'» #Als 'PLANT NUMBER')

94 FURMAT (19xs =(8Xs 12, 2X) 7 )

95 FURMAT (3X, [2s 4Xs 18s I4s 2X%Xs #(FB,2) /)

104 FURMAT ('1EOIT DATA = RUN's 147/ 3104Xs *ANNUAL PRESENT WORTH DATA?
v/7)

102 FURMAT (' L M MB J K CAP FLOwW FLOWL OEMAND TSTAR DESIG
iN LIFY EXISTING DESIGN DEBT EXPANSION ANNUAL gt M
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2 YALUEY)
103 PURMATC16X, 'LIMIT MGD MGD HGD MGD INDEX STATIONS
1 MGH MuD MIL 4 ERS N 1 MilL 3 MiL s MIL 2%s0 )
105 FURMAT (4135 SXs» 12» 2F842s FBalUsr F7.2- 84X [2s 11Xs FB:2»
1 18420 2F10445 3F9.4)
106 FURMAT (9Xs 213, 4X» 2F802s FBels FT42s 11X, 135 3Xs 2F8e2»
1 2F1044,s 3Fva4)
107 FURMAT (114Xs Flbed /)
109 FURMAT (1L IST DATA = RUN', 184 //:
110 FURMAT (' OPTIMUM ALTERNATIVES' /7))
111 FURMAT (¢t L M MB J K CAPAC DEuY ANNUAL EXPA
INDIUN TOTAL VYALUE QPTVALY)
112 FURMAT (27Xs *MGU', SX» 'MIL 8%'» axs *wIl 8', 8x, 'MiL 8'»
1SXs 'MIL $', 55X *HIL $'» 8X» 'MIL $t/)
114 FURMAT (/814»7XsFB,2:4F1044)
116 FURMAT (514s3XsF842,4F1044)
117 FURMAT (71x2F10.84F1444)
11y FURMAT ('f PRESENT wORTH VALUES USED TO SELECT OPTIMUM PATH « RUN'
1 » 14/

120 FURMAT (! L M BACK VALUE GFTIVAL'/)
122 FURMAT (14, IbpléaQXlEFlb'ﬂ)

123 FURMAY (0!

124 FURMAT (’lRANKING OF FINAL ALTERNATIVES = RUN'» 14//7)

125 FURMAY (' StQUENCE ALTERNATIVE OPTVAL'/)

127 FURMAT (I6,4Xs1622XsF1644)

130 FURMAT ('INUMBER '»14+2X» 'RANKING OF ALTERNATIVES = RUN's 14/7)

131 FURMAT (¢ YEAR L M VALUE OPTVAL')
133 FURMATC31X,'MIL $'»11X, 'MIL 8'/ )
135 FURMAT (16216216#2Xs2F1644)

140 FUHMAY (*1SUMMARY OF OPTIMUM CPERATIONS * RUN's 14, ' =%, [2//7 )
141 FURMAT (' YEAR ALT URIGIN DEST CAP FLOM FLOWL DEMAND TSTAR DESI
1GN L;?T EXIST DESIGN OEBT  EXPANSION ANNUAL Q&M T0TAL

V4 LRS!

142 FURMAT (° L] J K LIMIT M6D MGO KGO YR INDE
1X STATION MGD MGD MIL § MIL 8 MIL § MIL 8 MIL 8
2 MIL $'/)

146 FURMAT (15, I3» 3X» I3, 9Xs I2» FTe2s FTe2s FEa2Zs FbGe2r 4X»
1 820 7Xse F7420 FTe2s F1048s F9sh0 FOuap FBo4s Foosar F9.2)

147 FURMAT (1%, I3» 3%X» I3, 3Xs 13» 41X, 13s F742s 7Xs FL104ds 9X»
1 948, BXy F944)

148 FURMAT (IS5, I3+ 3Xs I3, 3Xs 132 5Xs F7e2» F742» F6:2s fbo?n 10X»
1 13, F7.2, F742s F10s8y F9eltv FOuly FBals» F9e8)

150 FURKAT ¢/ 114X F9elds F9e2 / )

156 FURMAT ('1SUMMARY OF ANNUAL COSTS = RUN'» [4s ' =%, 12//7)

158 FURMAT (24%, *CAPITAL DEBTY 0 &M TOTAL
1 PeWel)

160 FURMAT (* YEAR ALTERNATIVE TOTAL ANNUAL ANNU
1AL ANNUAL ANNUAL®)

161 FURMAT (! M MIL § MIL 8 MIk

MiL & MIiL 8%

162 FURMAT [ - .- BUNEDUANSES & o o aRonese Ll

lus PY T T T T -a-un-‘//)

165 FURMAT (15, 4Xs I4s 6Xs F12682 2X» Fi2440 2X» F12049 2X»
1 F12e4s F12.4)

166 FURMAT (/ 61Xs 2F1244)

168 FURMAT ('1QUALITY = CAPACITY EXPANSION PROJECTS = RUN') T4 ' ='»
1 12 7))

170 FURMAT (' YEAR ORIGIN DESTINATION CAPACITYs MGD
1 TREATMENT LEVEL CAPITAL DEBT» MIL $')

171 FURKMAT (! K EXISTING PROPUSE
10 EXISTING PRDPOSEO EXISTING EXPANSION TOTAL
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200

201
202

2')

FURHAT (' wawm mmeeen LI LI saeasnas -~
1. E D L T 2 X 3 X ) LA A B XX E ¥ 3 LT LYY E ) LY x 2 1%
2Y77)

FURMAT (15, IS» 19Xs F12e2:4Xs FL12,255%s lle 5Xs I4» 6Xs F1244,

1 3Xs Fl2sas3Xe F1244)

FURMAT (I8, 15» 6Xs ISs BXs F1242s4Xs F1202518Xs

1 6Xs Fl244,3%Xs Fl240453Xs Fi248)

READ IN CONTROL DATA

READ (5,1) IRUN

WRITE (6,23 IRUN

READ(S5,3) NUMPLT» NUMYRs NUMALT» NYEAR, IFLOW, ITSTAR

WRITE (6s4) IRUNs NUMPLT» NUMYRs NUMALTs NYEARs IFLOW, ITSTAR
REAL (5,5) IEDITs ILISTs IPW» IRANK, NRANK, NALTPRs IPROJ»

1 LANUAL» KONUYN

WRITE (606> IEDIT, ILISTs IPW, IRANKs NRANKs NALTPR: 1PROJ,

1 LANUAL, NONDYN

MEAU (5,73 PERPs PERS, PLRLs LAG» RATEs ANRATEs GPUCAP. PEAK:
1 SLUPEM, HEAU

WRITE (5¢8) PERP» PERSs PERLs LAGs RATEs ANKATYE, GPDCAP» PEAK»
1 SLUPEM, HEAD

READ (5,9) PINDAs PINDBs PINDF» SINDAs SINDBs SINDFs OMINDAS
1 UMINDB, OMINDF

WRITE (6s10)PINDA» PINDBs PINDFs SINDAs SINDB, SINDFs» OMINDAs
1 UMINDB, OMINUF

NRITE (6,11) IRUN

READ (5,120 CAK{N)s ALPHA(N)» BK(N)s» BALPHAI(N))» N = $,12)
WRITE (6513}

WHITE (6s514) CCAK(N)» N» ALPHACN)» Ns» BK(N)s N» BALPHA(N)» N)»
1 N = 1,12)

ENTER PARAMETERS FOR WASTEWATER TREATMENT PLANTS

WRITE (6515) IRUN

WNRITE (6,162

WRITE (6,17)

DU 202 1| = 1, NUMPLT

RLAD (5,18) Js Cs Ds E» Ls (BNAME(K)s K = 1,9)
IFCL«GTWNUMPLT)Y GO TO 201

IF(LeGTea) GO TO 201

IPLT(J) =

ELT(I) & 4

CAPP(]) w ¢

ULBTIP(I) = U

ELEV(I) = E

LTREAT(I) = L

BU 200 K = §59

ANAME(I+K) = BNAME(K)

CUNTINUE

WHITE (6519) JPLTCI)s CAPP(I3» DEBTP(I)» ELEV(I)» LTREAT(I)»
1 CANAME(T»K)s K = 1,9)

GU Tu 202

WHITE (6020) Is Js Co Os E» Ls (BNAME(K)» K = 1:9)
CUNTINUE

ENTER PARAMETERS FOR TRUNK SEWER LINKS

KRITE (6+25) 1RUN
WRITE (6226)
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WRITE (6,27)
UU 206 | = 1,999
KELAU (5,28) J» Ko CDISTs CCAPSs ODEBTS
It(JEQ.99) GO TO 207
It {J.GT.99) 60 TU 205
IF(KaGTa99) GO TU 205
Iv = IPLT(U)
It (1J.EQe0) GU TO 205
I 8 IPLT(K]
IPCIKsEQs0) GO TO 205
DISTCIJsIK)Y = CDIST
CAPSCIJsIKY = CCAPS
LEBTIS(IJaIK) = DDEBTS
SHEADCIUNIK) = ELEVOIK) = ELEV(IJ)
SLOPECTJsIK) ®» (SHEAUCTIJsIK)Y / DIST(IJL,IKY ) « 1000
WNITE (6029) JPLT(IJ)s JPLTCIK)» DIST(IJrIK)» CAPS{IJeIK)s
1 BEBTS(1JsIK)s SHEADCIJsIK)» SLOUPECIJ,IK)
40 Tu 206
205 WRITE (6+30) JsKsCDISTHCCAPS» DDEBTS
206 CUNTINUE
207 CUNTINUE

[
c DLTERMINE ANNUAL FACTORS
<

WRITE (6235) IRUN

HRITE (6s36)

WRITE (62373

RETURN(1} = RATE

VU 210 L = 1» NUMYR + 1

It (LeEQal) 60 TO 209

RETURN{(L) = RETURN(1) ¢ ANRATE » {(L=1)
209 CUNTINUE

CRFP(LY = (RETURNCL) * ( 140 ¢ RETURN(L)) w»» PERP) /

1€001e0 + RETURN(L)) = PERP)™ 1,0)

CRFO(L) = (RETURNCL) = (1,0 # RETURN{L)) *w PERS) /

10001.0 « RETURN(L)) #» PERS)™ 1,0)

CRFLCLY = (RETURN{L) * ( 1.0 + RETURN(L)) wx PERL) /

1000140 « RETURNC(L)I)} &% PERL)™ 1,0)

FACCAP(L) = (PINDB » PINDF » (L=1) ) 7/ PINDA

FACSEW(L) = (SINDE + SINDF & (L=1) ) / SINDA

FACUMIL) = (OMINDB + OMINDF * (L=1) ) / UMINDA

IYEAR = L « NYEAR = 1

WRITE €(6,38) 1YEAR» RETUNNCLI» CRFP(L)s CRFS(L)Ys CRFL(L)»

1 PACCAP(LY, FACSEW(L)s FACOHM(L)
210 CUNTINUE

ENTER POPULATION DATA v
ENTER WASTEWATER QUANTITIES INSTEAOD IF IPOP = 1

[ e >N o)

U 219 K = 1,999

RLAD (5.45) JsN,POPUL
IF(JsEQ.99) GO TO 220
IF(NJGT.50) GO TO 215
It (JsbELQ) GO TO 215
L2 N+ 1

I = IPLTCY)

1P CL4EQ40) 60 Tp 215
IrtI+GT.NUMPLT) GO TO 215
PUP(I,L) = POPUL
LASTYR = N

GuU TO 219
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215 IPCIPUPLGELL) GO TU 216
ARITE (6s,46) Js N» FPOPUL
Gu YO 219

£316 WNRITE (6s47) J» Ns» POPUL

219 CUuNTINUL

220 CUNTINUE
DU 225 J = 1sNUMPLT
IPLPOP(Js134EQe0.0) GO TO 22%
DU 224 L = 170
DU 223 N = Lty 71 :
TF(PUP(JIN)IJEQeQ40) GO Tu 223
Itin = Nep
PUPANT = (POP(JsN) = POP(JsLI) 7 ITIM
UU 222 NUM = 1,]ITIM = ¢
PUP(JsL+l) 8 POP(JsL) ¢ POPQNT
L= L+ 1

422 CUNTINUE
Gl Tu 224

223 CUNTINUE

€24 CUNRTINUE

225 VUNTINUE
IFP(LASTYRLLEO) LASTYR = NUMYR
DU 228 J = 1sNUMPLT
IM{PUP(J,LASTYR41).E0,40.0) GO YO 228
PUPGNR & POP{JsLASTYR21) = POP({JsLASTYR)
DU 227 L = LASTYR+2s LASTYRe21
PUP(Jsb) = POP(JsL=1) & POPQNT

227 CUNTINUE

228 CUNTINUE

LIST POPULATION INPUT DATA
DU NOT LIST IF WASTEWATER QUANTITIES ARE ENTERED INSTEAD OF POPULATIONS

1t CIPOPL.GE,1) GO YU 230

WRITE (6,50} IRUN

ISPACE = 6 = NUMPLT = 3

WRITE (6251) ISPACE, (ASPACE, I = 1,1SPACE)

WRITE (65522 NUMPLTs (JPLT(1)» I = 1,NUMPLT)

Du 230 L = 1sNUMYR + 21

IPER = | = ]

ITEAR = NYEAH + L 1

WRITE(S,48) IPER» IYEARs NUMPLT, (POP(JsL)s J = 1sNUMPLT)D
230 CUNTINUE

VIME PHASED TREATMENT LEVELS

LUUAL(L1) = 1
DU 235 1 = 1599
READ {5,558) Ns LAQ
IPINEQ.99) GD TO 236
IF(N.GT450) GO Tu 234
It{LG+EQ.0) GO TO 234
ItLLGsGTes) GD TO 234
L= N+ |
LAUAL(L) = L@
Gy Tg 235

234 WKITE (6s58) Ns LQ

23% CUNTINUE

€36 CUNTINUE
DU 240 L = 2,NUMYR + 21
IFCLQUALCLYEQW0) LQUALCL) = LQUAL({L#=1)
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240

244
246

247
248
249

250

é51
252

253
254

CUNTINUE
CALCULATE FLOWS FRUM POPULATION DATA

It (IPOP.GE.1) GO TU 246

UU 246 J = 1oNUMPLT

DU 244 L ® LsNUMYR + 21

QUANT (Jsl) = POP(JsL) = GPDCAP # PEAK / 1000000.0
CUnNTINUE

CUNTINUE

Gu TO 249

CALCULATE FLOWS FRUM WASTEWATER QUANTITIES

OU 248 J = 1.NUMPLT

DU 287 L = 1» NUMYR + 21
QUANT(J,L) = POP(JsL) » PEAK
CUNTINUE

CUNTINUE

CUNTINUE

UUTPUT BASE FLOWS TU TREATMENT PLANTS

WHITE (60603 IRUN

ISPACE = 4 » NUMPLT =~ 4

WRITE (6+61) ISPACEs (ASPACEs 1 = 1,ISPACE)
ARITE (6062) NUMPLTs (JPLT(I),» I = 1,NUMPLT)
DU 250 L = 1sNUMYR ¢ 21

IPER 8 | = 1

IYEAR = NYEAR ¢ L = 1

WRITE (6,632 [PERs IYEAR» LQUALCL)» NUMPLTs (QUANTC(JIL)» J = |,

1 NUMPLT)

IPCLWNELS1) GO TO 250

KRITE (6560) IRUN

WRITE (6561) ISPACE» (ASPACE,» I = 1,ISPALE)
WRITE (6462) NUMPLT, (JPLT(IDs I = 1,NUMPLT)
CUNTINUE

ENTER TIME PHASED TREATMENT LEVELS FOR EACH PLANT

VU 252 J = 1.NUMPLT

UU 251 L = 1»NUMYR + 21
LUEUALJ(JsL)Y = 1
CUNTINUE

CUNTINUE

DU 254 K = 1,999

HEAU (5,64) N» Js LQ
It(NJEQ99) GO TO 255
IP(N«GT«503 GO TO 253
IF(JGT NUMPLT) GO Tu 253
IF(JeLEL0) GU TO 253

It (LA«EQ.0) GO TO 253
It(LQ«GTe4) GO TU 253

L o= N+ 1

I = IPLTCY)

IF{1.LE.0) GO Tg 253
IFC1eGT NUMPLT) GO TO 253
LaualJ(IsL) = L@

Gu TU 254

WRITE (6465) NsJsl@
CUNTINUE
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255

256
257

2548

259

260

261
262
263

264
265
266

CUNTINUE

UL 257 I = 1,NUMPLT

BU 256 L = 2, NUMYR + 21

IPCLQUALJYCTIPL)ICEQel) LQUALJIISL) = LQuALJ(IsL=1)
CUNTINUE

CUNTINUE

UUTPUT INDIVIDUAL TIME PHASED TREATMENT LEVELS

ARITE (6,66) IRUN

ISPACE = 4 * NUMPLT = 4

WRITE (6s567) 15PACE, (ASPACE» [ = 1, ISPACE)

ARITE (6568 NUMPLTYs (JPLT(1)s I = 3,NUMPLT)

VU 258 L = 1+ NUMYR *+ 21

IPER = | =

IYEAR = NYEAR ¢+ L = 1

WHITE (6269) IPERs IYEARs NUMPLT» (LOUALJCIsL)»1 = 1sNUHPLT)
CUNTINUE

ENTER ALTERNATIVE CONNECTING TRUNK SEWER LINKS

DU 263 M = 1, NUMALT

READ (Ss70) MAs J» Ks LTs AMIN» AMAX
I CAMAXGLE«O¢0) AMAX = 999,99
FF(MALEG.99) GO YO 263

IPCHALEG.O)Y GO TU 261

IFCJeEQL0) 4O TO 261

IHCRAEG.0) GO To 261

IPCLTsGTe4) GO TO 261

iv = IPLT(J)

IPCLJWEG.0) GO TO 261

TP CIJaGToNUMPLY) GU TO 261

I = [PLT(K)

IFCJsEQ.K) 1K = NUMPLT * 1
It{IK«EQG0) GO TO 261
IFCIKeGT«NUMPLT + 1) GO TO 261
NALTI{M) = Ma
IFCIPATHCIUSNUMPLT*1sM) EGs1) GD TO 260
MIREAT(IJsn) = LT

CAPMINCIJ M) = AMIN

CAPMAX(IJaM) = AMAX

CUNTINUE

IFATHUIJs IKsM) = 1

Gy TO 282

WRITE (6s71) MAs J» Ko LTs AMIN, AMAX
GU T0 259

CUNTINUE

BUILD PATH TABLES FOR EACH ALTERNATIVE M
InCIsdaM) = INPUT TABLE
IUUT(JsKsM) = QUTPUT TABLE (COMMON WITH IPATH(JsKsM)

VU 266 M = 1,NUMALT
B0 265 J = 1sNUMPLT
DU 264 1K = 1sNUMPLT
INCJsKsM) = IPATH(J»K» M)

IFCJaNEK) wU To 264
INCJsKsM) =
CUNTINUE

CUNTINUE

CUNTINVE
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LUAU INPUT TABLE WITH ALTERNATIVE DEMANDS

LU 280 M & 1sNUMALT

DU 279 L = 15

UU 278 J s 1o NUMPLT

ILCCAPMAXCJs MY oLEs0e0) CAPHAX(JsM) & 939499
BU 272 K 2 1»NUMPLT

FUR PLANT J FIND OUTPUT ROUTE. K NOT EQUAL J

It (KhsEuody GO To 272
FECIOUTCJaRoM) JEQe 1) GU TO 274
272 CUNTINUE

NU CHANGE FUR Thls 4
Gu To 278
N 8 DESTINATION OF wASTE LUADS

274 N = K
IPCIQUTCJaNUMPLT® 1M NESL) GO TO 275
LALTUI M) = K
LUUTLGsKIM) ® O
INCIIKsM) 2 O
wu TO 276
275 CUNTINUE

SLAKCH NUDE J FOR NUMBER = { AND TRANSFER Tu NUOE N OF INPUT TABLE

VU 276 I = 1sNUMPLT
IrLIeEG.K)Y GO Tp 276
THCINCTSdeMIoEQ.L) INCIsNING =
276 CUNTIRNUE
78 CUNTINUE
219 CUNTINUE
280 CuUnTInug

JUTPUT TasLES

ISPACE ©® NUMPLY ¢ 2 = g

LSPACE = NUMPLY « 4 = 2

KRITE (6275) INUN o

KRITE (6s76) ISPACEs (ASPACEs 1 ® 1,1SPACEY» LSPACE,

1 CASPACEs 1 ® 1, LSPACE)

NUMOUT = NUMPLT * |}

JELTONUMOUT) = NUMPLT ¢ 1

WNITE C(6+77) NUMPLTs (JPLTCI), ImianUMPLT)»  NUMDUT, (JPLT(ID»
1 b o= 1,NUMOUT)

DU 290 M = 1aNUMALT

DU 286 IJ = 1, NUNMPLT

In & JALT(IJsM)

IFCIKeLESD) GO YO 284

IWWCIR.GToNUMPLT) GU TO 288

WRITE (6+80) NALTCM)s JPLTCIV), HMTREAT(IJsM)» CAPHIN(IJ;H);

1 CAPMAX(IJ,M)s JPLTCIK}s NUMPLT, C(IN(IoIJs MIs 1 = 1s NUMPLT)»
2 NUMOUT, (TUUT(IJ, Ks M)s K ®= 1, NUMOUT)

Gu TO 286
284 WRITE (6282) NALT(M)» JPLTCIJ)s MTREAT(IJsM)» CAPRINUIJAMY,
1 CAPMAX(TIJsNMI, NUMPLT> C(IN(I.1ds H)n 1 = s NUNPLTI»
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290

302
304
e

307

308
309

2 NUMUUTS (TUUTCIJd Ks M)s K = 1, NUMOUT)
CUNTINUE

WRITE (6,902

CUNTINUE

BYPASS DYNAMIC PROGRAMMING SECTION OF MODEL
IP(NUNDYN.GE.1) GO TO 500
INITIALIZE SYSTEM PARAMETERS

DU 306 M = 1,NUMALT
MBACK(Z2sM) =

VALUE(L,M) = 040
UPTYALC1,M) = 0,0

Du 304 J = 1,NUMPLT
TCAPP(JylaM) = CAPP(U)
TUEBTP(Jsl,M) = DEBTP(Y)
KTREAT(JUs1sM) 8 LTREAT(M)
QU 302 K = 1s2NUMPLT ¢+
TLAPS(JUsKs1oM) = CAPS(JrK)
TUEBTIS(UsK,1oM) & DEBTS{YSK)
CUNTINUE

CUNTINUE

CUNTINUE

OPYTIMIZE ALL PLANTS AND INTERCEPTORS FOR EACH YEAR L

AUDVAL = 1000,

UU 440 L = 25NUMYR + 1§
DU 400 M = JoNUMALT
TEMPA = 99999999999,

DETERMINE LOUAD ON PLANTS AT Le L ¢ LAG» AND L + 20

DU 307 J = 1, NUMPLT

CULECT(J) = 040

CULLAGCY) = 040

FUTURE(J) =& 040

CUNTINUE

DU 309 J = 1,NUMPLT

DU 308 I = 1» NUMPLT

CULECT(JY) = CULECTC(J)Y + GQUANT(ISL) o« IN(IsJaM)
CULLAGCJY) = COLLAG(J) + GUANTUI,L+LAG) » INCIsdsM)
PUTURE(J) = FUTUREC(J) + QUANTC(I»L+20) « INCIsJaM)
CUNTINUE

CUNTINUE

AUD EXCESS FLOWS FROM PLANTS WITH MAXIMUMS CAPACITIES

Uu 310 J = 1» NUMPLT
IFCIOUTCJa NUMPLT*1aM)aNECL) GD TO 310
K= JTALT(JsM)

1M (K.EQ40) GU T0O 310
IFCRGTLNUMPLT) GO TO 310

Q@ ® COLECT(J) = CAPMAX(JsM)
(FP(QsLEVD,0) @ = 040

Gl ® COLLAG(J) = CAPHAX(JsM)
IP(olsLEL0,.0) QL = 0,0

QF = FUTURE(J) = CAPMAX(JsM)
It(QF sLEL0.0) QF = 040
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CULECT(K) = COLECTI(K) + &

CULLAG(K) = COLLAG(K) + QL

FUTURE(X) = FUTURE(K) + UF
310 CUNTINUE

QUTPUT FLOWS COLLECTED AT TREATMENT PLANTS

IPCIEDITLLESO) G0 TO 312

WRITE (6s92) IRUN

ISPACE = 4 + NUMPLT = 4

WRITE (6»93) ISPACEs (ASPACE» I = 1, [SPACE)

WRITE (65943 NUMPLT» (JPLT(I)» I = 14NUMPLT)

IPER = | = 1

IYEAR = NYEAR + L =~ 1

WRITE (6s95) IPERs, IYEAR» NALTOM)sNUMPLT» CCOLECT(J)»JmisNUMPLT)

Ir = IPER + LaG

IY = JYEAR + LAG

WHITE (6»95) IPs IYs NALT(M)s NUMPLT, (COLLAG(J)» J = 1» NUMPLT)

IP 8 [PER + 20

iv = IYEAR + 20

WRITE (6953 1P, IYs NALT(MI» NUMPLT, (FUTURECJI» J 8 1.NUMPLT)
312 CUNTINUE

IPCIEDITSLESO) GO TO 313

WRITE (65101) IRUN

WRITE (6s102)

WRITE (65103}
313 CONTINUE

SLLECT BEST BACK PATH

MBACK(L,M) = 1
DU 390 MB = 1sNUMALT
TVALUE = 0,0

FIND CUSTS AND CAPACITY FOR EACH TREATMENT PLANT

UU 380 J = 1sNUMPLT
TREAT = COLECT(U) + IQUTCJSRUMPLT + 1,M)
THEATL = COLLAG(J) » TOUTCJaNUMPLT+1,M)
ICHECK(JaM,MB) = O

UETERMINE ANNUAL DEMAND OVER 20 YEARS

UEMAND ® (FUTUREC(J) = COLECT(JI} / 2040
DLMP = DEMAND * LOUTCJ,NUMPLT + 12 M)

INITIALIZE PARAMETERS

ACAFP(J) s TCAPPLJs1sMB)

AUEBTP(J) = TDEBTP(Jrl,MB)

FUEBTP(J)Y = 040

LITRET(J) = KTREAT(Js1,HMB8)

INDEX = (

ITTREAT = MTREAT(J»NB)

IFCLQUALCLHLAG) GToMTREAT(JsMB)) ITREAT = LQUAL(L4LAG)
IPCLQUALJCUs L + LAGISGT2ITREAT) ITRFAT = LQUALJ{JsL¢LAG)
TSTAR = 0,0

CUSTA = 040

CUSTB = 0,0

CHECK TREATMENT PLANTS FOR MINIMUM FLONWS
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315

316

37

318
319
320
321

322
323

327
328

329

330

33t

IFCTREATLLGECAPMINCISMY) GO TO 316
IFCICHECK(JsMa MBI EQ2T) GO TO 315
ICHECK(JaM,MB) 3 1

TYALUE = TVALUE + ADDVaL

CUNHINUE

GU TQ 317

CUNTINUE

IPCICHECK{ JsMaMBINELT)Y GO TU 317
ILHECK(JsMu¥B) & O

TVALUE = TVALUE = ADDVAL

CUNTINUE

ULTERMINE DESIGN INDEX

TP CITREATLLESLYTRET(J)) GO TU 323
Gu TO (319, 320, 321> LTIRET(J)
INDEX = ITREAT

Gu Tu 322

INDEX 3 ITREAT « 3

GU Yy 322

INDEX = JTREAT ¢ 5

GU TQ 322

INDEX = [TREAT + 7

CUNTINUE

CUNTINUE

DUES PRESENT CAPACITY AND TREATMENT LEVEL 0OF PLANT MEET DEMAND?

[P (TREATL.LEC0s0) GO TO 336
TP (TREATL,LECACAPPCJU) (ANDJITREATHSLEWLTTRET(J)I) GO TO 336

DETERMINE pPTIMUM DESIGN PERIOD FOR TREATMENT PLANTS

TSTAR s PERP

IF(ITSTAR.LECO) GO TO 328

IFCINDEXSLESO) GO TO 328

DU 327 ITIME = 1,25

TSTAKR = (ALUGCCTSTAR » RETURNC(L) 7/ ALPHACINDEX))+ 1.0))/RETURN(L)
CUNTINUE '

CUNTINUE

IFCTREATLLLTACAPRP(J) ) GU TO 332

ACAPP(J) = TREATL ¢ DEMP # TSTAR

CHECK THEATMENT PLANTS AGAINST MAXIMUM FLOWS

IFCACAPP(J) +LECCAPHAX(JPM)) GD TU 330
ACAPP(J) = CAPHAX(JsM)
IFCIALTCJsM)WGEL 1) GO TO 330

It CICHECK(JsMaMB) +EQV2) G0 TO 329
ICHECK(JsMaMB) = 2

TYALUE = TVALUE # AUDVAL

CUNTINUE

GU To 331

CUNTINUE

IPCICHECK(JaMaMBY WNEL2) G0 TU 331
ICHECKCJsM,MB) = 0

TVALUE = TYALUE = ADDVAL

CUNTINUE
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336

33s

339

340

348

DETERMINE THE COST TO INCREASE CAPACITY OF PLANT

CUusTa = 0,0

IPCACAPPUJ) WLECTCAPP(J»1oMBY) GO TD 332
TEC(LTTRET(UIWEQ.D) GO TU 332

CUSTA =(AK(LTTRETCJ)) » CACAPP(J) = TCAPPUJ»1,MB)} #»
1 ALPHACLTYRET(J))Ix FACGAP{L)

CUNTINUE

VETERMINE COST OF UPGRADING TREATMENT PLANT

FECITREATLESLLTTRET(J))Y GO TO 336

IFCINDEXSEQ«O) Gu TU 336

CUSTB = (AKCINDEX) » (ACAPP(J)) »» ALPHACINDEX) )% FACCAP(L)
LITRET(J) a ITREAT

CUNTINUE

ULTERMINE TEMPORARY FUTURE CUST OF EXPANSION

FUEBTPLJ) = COSTA + COST8B

DETERMINE AMOUNT OF ANNUAL CAPITAL PAYMENT UN LAST YEARS DEBT
CULBTP(J) = ADEBTP(J) = CRFP{L=1)

CALCULATE U & M C0O5TS FOR TREATMENT PLANTY

AUMP(J) =2 0.0

IF(RTREAT(U»1,MB)JEQ.O) &0 TO 338

AUNP(J) = BRIKTREAT(Js1sMBI) & (TREAT w» BALPHA(KTREAT(Jsl,sMB)))#
1 FACOMCL)

CUNTINUE

ULTERMINE THE TEMPURARY ODISCOUNTED COSTS FOR DEST AND O & M OF PLANT

AVGRET = (RETURNC1) + RETURNC(L)Y) / 2.0

BUEBIP a CDEBTP(J) /7 ((1+0 & AVGRET) #»» (L=i))

BUMF &= AOMP(J) / ({140 + AVGHRET) w»x (L=1))

TVALUE = TVALUE + HDEBTP + BOMP

TPRP » (FDEBTPCJ) » CRFPCLY) / ({140 + AVGRET) #» (L))
TYALUE = TVALUE + TPwWP

DETERMINE THE LOADS ON THE INTEHRCEPTORS

IFCIALTOJsMIGLELD) GG TO 339
KUUT = JALTC(JsM)

FLOW & COLECT(J) = CAPMAX(JsM)
IF(FLOWLLESO40) FLUW = 040
FLunL = COLLAGCJ) = CAPMAX(JsH)
IH(FLUWLGLE«D Q) FLOWL = 040
GU TO 341

CUNTINUE

KUUT = NUMPLT + 1

DU 340 K = 1sNUMPLY

It(KeEG,J) 6O TO 340
IPCIOUY(JUsKaM)sEQsL) KOUT = K
CUNTINUE

FLOW = COLECT(J)

FLOWL = COLLAGLY)

CUNTINUE
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SINCE THE TREATMENT PLANTS HAVE ONLY ONE DISCHARGE ROUTE
OK A MAXIMUM CAPACITY, THE TRUNR SEWER HAS THE SAME VALUE
FUR DEMAND

CUSTS = 0,0
TOTARS =2 0,0

BUES CAPACITY OF TRUNK SEWER MEET DEMAND?

DU 344 K = 1» NUMPLT

ACAPS(JaK) = TCAPS(JsK»l1oM8)
ADEBTS(JaK) = TDEBTS(JsKslsMB)
FREBTS(JsK) = 0,0

BUEBTS(K) = 0.0

BUMS(K]) = 0.0

CUNTINUE

IF(KQUTLEQ.NUHPLT+1) GO TO 358

AP (FLONWLSLEJACAPS(JaKOUT)) GO TO 351

DETERMINE QPTIMUM DESIGN PERIOD FOR TRUNK SEWERS

TSTARS = PEHS

IFCITSTARGLEAC) GO YU 346

Ud 346 ITIME = 15,25

TOTARS = (ALOG((TSTARS«RETURN(LII/ZALPHACLIL) # 1,0))/RETURN(L)
CUNTINUE

URTERMINE QPTIMUM DESIGN PERIOD FOR LIFT STATIONS

TSTARL = PERL

IFCITSTARWLECO)Y GO 7O 348

DU 348 ITIME = 1525

TSTARL ® (ALOGC(TSTARL®RETURNCL))IZALPHACLL) & 1.0))/RETURNIL)
CUNTINUE

DETERMINE TEMPORARY CAPACITY OF INTERCEPTOR SEWER
ACAPSCJ»KOUT) = FLUWL + DEMAND » TSTARS

DLTERMINE COST OF EXPANDING CAPACITY OF TRUNK SEWER
CINCLUDING DISTANCE AND ELEVATIUN DIFFERENCE)

CUSTS = 0,0
IFCDEMANDEGs0s0) GO To 358
IF(SLOPECJ,KOUT)»GT«SLOPEM) GO TO 350

GRAVITY FLOW

CUSTS s(AK(11) » (ACAPS(JaKDUT) = TCAPS(JsKOUTH,1aMB)) #» ALPHACLL)
1 % FACSEW(L)) » (DISTCUSKOUT) 7/ 5280,0)
G 10 356

GRAVITY FLOW PLUS LIFT STATIONS

CUNTINUE

PREAU = SHEAD{J.KOUT) = {DIST(JsKOUT} » SLOPEM / 1000.0)
IFCPHEADALE«Q.0) PHEAD = 0.0

RUMLSCJ»KOUT) = (PHEAD / HEAD) + 0.5

TPONUMLSCJsR) o LEe1) NUMLS(JIK) = 1

CUSTE = FACSEW(L)Iw» ({ AK(11) #(ACAPS(Js»KDUT) = TCAPS(JsKOUTs1sME))
1 %« ALPHACI1))2 (DIST(JeKOUT) / 5280,0) )
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352

356

358

350

362

384

379

372
374
380

382

CUST2 = FACCAPILI» (( AK{12) #(ACAPS(JsKUUT) = TCAPS(J»XKOUT»1MB))
1 %% ALPHA(12)) = NUMLS(JsKOUT)
CUSTS = CpsTl + COST2

CALCULATE THE U & M COSTS OF THE TRUNK SEWER AND LIFT STATIONS

AHEAD = 0,0

IF (NUMLSCU,KOUT)«LECO) GU Y0 352

AHEAD = PHEAL / NUMLS(J»KQOUT)

CUNTINUE

ABUMS(KOUT)Y = FACUMIL) * ((HK(11) = FLOW »» BALPHA(11) +

1 (HBR(12) /7 1000,0) » FLOW »x BALPHA(12) * AHEAD ) & NUMLS(J2KOUT))

DLTERMINE TEMPURARY FUTURE COST OF TRUNK SEWER EXPANSION

CUNTINUE
FUEBTS(JsKQUT) = COSTS

CALCULATE AMOUNT OF ANNUAL REPAYMENT OF CAPITAL FOR LAST YEARS DEBT

CUNTINUE

DU 360 K s 1,NUMPLT

CUEBTS{K) = ADEBTS(JsK) * CRFS(L=1)
CUNTINUE

ULTERMINE THE TEMPURARY DISCUOUNTED COSTS FOR DEBT AND O & M

AVGRET = (RETURN(1) ¢ RETURN(L)) / 2.0

DU 362 K = 1sNUMPLT

BUEBTS(K) = CUEBTS{K) / ((1+0 + AVGRET) *#» (L=1))
TVALUE = TVALUE + BDEBTS(K)

CUNTINUE

IF(KUUTLEQ.NUMPLT + 1) GU TO 364

BUMS(KOUT) = ABOMS(KOUT) / (1.0 ¢ AVGRET) #x (L*1))
TVALUE = TVALUE + BOMSC(KUUT)

TPHS = (FDEBTS(JsKUUT) » CRFS(LI) 7 ((140 + AVGRET) ##« (L))
TVALUE = TVALUE ¢+ TPHS

CUNTINUE

GUTPUT €EDIT DATA

1P CIEDITWLEO) GO TO 380

TUTAL = BDEBTP + BOWP

LFCTOTALGLELOsOLANDJFOEBTP(JILECOO) 60O TO 370

WRITEC6,105) LeNALTCHM) o NALTOMB) s JPLTCU) s ICHECK(JsMsMBY» TREAT,
1 ITHEATL, DEMP» TSTARs INUEXs TCAPP{Js1sMB8)s ACAPP(J)s ADEBTP(J)»
2 FOEBTP(J), BDEBTP, BOMPs TOTAL

TUTAL B 0,0

OU 374 K » 1sNUMPLT

TUTAL = BDEBTS(K) + BOMS(K)

TP CTUTALSLE«Os O ANDSFDEBTS(JsK)«LEL0,0) GO TOD 372

RRITE (6s106) JPLT(U)s JPLTIK)» FLOwWs FLOWL, DEMANDS

i ISTARS, NUMLS(JsK)» TCAPS(JsK»1»HB)» ACAPS(J,K}s ADEBTS{JsK)»
2 FOEBTS(JsK)s BDEBTS(K)s BOMS(K)» TOTAL

TUTAL = 0,0

CUNTINUE

CUNTINUE

IFCIEDITWALESO) GO TO 382

WRITE(6,107) TVALUE

CUNTINUE

112



[ X e N o

[+ B e NN ol + 1 +

ige
86
39

394
396

400

421

4ze

H

SELECT OPTIMUM BACK ROUTE

TEMPB = OPTYAL(L=1,MB) + TVALUE
IFCTEMPBGELTEMPA) GO TO 390
TeMPA s TEMPS

MBACK(LsM) = MB

VALUE(LsM) = TVALUE

SIORE UPTIMUM DATA

BU 386 J = 1,NUMPLT
TCAPP(Js2,M) = ACAPPLY)
TUEHTP(Js2,M) = ADEBTP(J2
DLBTPFLJIM) & FREBIP(U)
KIREAT(Js2,M) & LTTRET(J)

DU 364 K = 1 NUMPLT ¢ 1}
TCAPSCJUsKs2oM) = ACAPS(JaK)
TUEBTS(UsKs2aM) ® ADEBTS(JsK)
ULBTSF(JrKeM) = FOEBTS(JsK)
CUNTINUE

CUNTINUE

CUNTINUE

TLMPK = 0,0

DU 396 J = 1H)NUMPLT

TEMPR = TEMPR ¢ (DEBTPF(JsM) « CRFP(LII/Z{(1.00AVGRET)I2xL)
DU 394 K = 1,NUMPLT

TEMPR = TEMPR ¢ (DEBTSFUJIKsMIRCRFS(L))IZC{L1O0+AVERET ) #wl)
CUNTINUE

CUNT INUE

VALUE(LsM) = VALUE(LsM) = TEMPR
TEMPA = TEMFA = TEMPR
UFTVAL(LsM) = TEMPA

CUNT INUE

YLANLY UPDATE OF OPTIMUM DATA FILES
RETIRE DEgY

QUTPUT DATA FOR THIS YEAR

L1IST DATA

INCILISTWLESQ) GO TO a21

WRITE (6.109) IRUN

WRITE (6,110)

NRITE (6,111

WKITE (6,112)

IPER & t = |}

CUNTINUE

BU 428 M 3 1sNUMALT

BU 426 J = 1aNUMPLT

TCAPP(Ja1,M) = TCAPP(Js2sM)
KIREAT(Jal,s#) = KTREAT(Jr2sM)

ANNP = TDEBTP(Jr2sM) = CRFP(L=1)
TUEBTP(JsisM) = TOEBTP(Js2sM) = ANNP + DEBTPF(JrM)
IFCILISTHLELO) 60 TO 422
It(TDEBYP(Js1oM)eEQs040) GO TO 422

WHITECE,114) LaNALTCM)SNALTOMBACKCL M) ) »JPLTCII S TCAPPUJalaM),

TUEBTPCJ»2,M) s ANNPs DEBTPFC(JsM)» TOEBTPUJsi,M)
DU 424 K = 1,NUMPLT
TCAPSC(JUsKs1oM) = TCAPS{JaKs2sM)
ANNS = TDEBTS(JsKs2sM) » CRFS(L=1)
YUEBTS(JsKs1oM) B TOEBTS(JsKs2sM) = ANNS + DEBTSF(JsKsM)
IFCILISTALECO)Y GO TO 424
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456

460
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463
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IPCTRDEBTS(JsKa1,M) LEQ.De0) GO TO 424

WRITE(S,116) LeaNALTOMI D RALTIMBACKC(L M) JPLT(UY s JPLTI(N)sTCAPS(J,
I aM)s TOEBTS(JsKs2»M) s ANNSSDEBTSEF(JrKsM)sTDEBTS(JrKstaN)
CUNTINUE

CUNTINUE

Ir(ILISTLLE.O) G TO 428

WRITE(6,117) VALUE(LsM)» OPTVAL(L,M)

CUNTINUE

CUNTINUE

IeDIT = JEDIT = 1

ILIST = JLIST = 1

CUNTINUE

GUTPUT SUMMARY

IF(IPHJLELO) GO TO 452

KRITE (661192 IRUN

HRITE (6,120)

UU 450 L = 2, NUMYR + 1

UL 448 M = 1, NUMALY

WRITE (65122) Ls NALT(M)» NALT(MBACK(LsM))s VALUECLsMISsOPTVAL(LIM)
CUNTINUE

WRITE (62123)

CUNTINUE

CUNTINUE

RANK UPTIMAL VALUES OF LAST PLANNING YEAR

DU 456 1 = 1, NUMALT
NUMINS(I) = I

CUNTINUE

IFONUMALTLEsL) GO TO 463
DU 462 NI = 1:NUMALT = 1

I = NUMINS(NI)

DU 460 NJ = NI ¢ 1s NUMALT
¥ B NUMINSONJ)
IPCUPTVALINUMYR®1, 1) LECOPTVALI(NUMYR#1,4)) GO TO 480
NUHINS(NE) =

NUMINS(NJ) = |

I = NUMINS(NID)

CUNTINUE

CUNTINUE

CUNTINUE

IFCIRANKJLEQ) GO TO 470
WRITE (6+124) IRUN

WRITE (&s125)

YU 470 N = 1» NUMALT

M = NUMINS(N)

WRITE (62127) Ny NALT(M)» OPTYAL(NUMYR + 1, M)
CUNTINUE

UUTPUT OPTIMUM VALUES

IH(NRANKWLEO) GD TO 490

DU 490 T0PT = L,NRANK
MALTONUMYR ¢ 1} = NUMINSC(IQPT)
M o= MALT(NUMYR + 1)

DU 480 N = 1sNUMYR

L = NUMYR = N + 2

M o= MBACK(LM)

MALT(L=1) = M
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480 CUNTINUE
WRITE (62130) IQPT» IRUN
WRITE (65131)
WHITE (651332
DU 486 L = 1sNUMYR ¢ 1
IPER =
IYEAR = L + NYEAR = 1
M = MALT(L)
WHITECH5,135) IYEAR» IPERSNALT(M)IHVALUE(LAM)s OPTVAL(LSH)
486 CUNTINUE
490 CUNTINUE

CALCULATE ALL DATA FOR OPTIMUM PATH

500 IF(NALTPR.LEWO) GO TU 670
DU 670 MSuM = 1»NALTPR

RECALCULATE THE OPTIMUM PATH

IF(NONUYNLGES1) GD TO 5118
MALTONUMYR + 1) = NUMINSUMSUM)
M o= MALTINUMYR + 1)
DU 510 N = 1sNUMYR
L ® NUMYR » N ¢+ 2
M o® MHACK(LsM)
BALT(L=1) = #

510 CUNTINUE
GU Ty 513

511 DU 512 LN = 1sNUMYR + |

) MALTILN) =2 MSUM

512 CUNTINUE

513 CUNTINUE

INITIALIZE SYSTEM PARAMETERS

b0 516 J = 1,NUMPLT
ACAPP(J) = CAPP(J)

AVEBTP(J) = DEBTP(J)
FUEBTP(J) = 0.0
LITRET(Y) = LTREAT(Y)
CULECT(J) = C,0
CULLAG(JYY = 0.0
FUTURE(J) = 0,0
LUHECK(J) = 0,0

UU 514 K = 1,NUMPLT ¢

ACAPS(JsK) = CAPS(JsK)
AVEBTSC(JsK) = DEBTS(JsK)
FUEBTS(JsK) = 0,0
NUMLS(JsK) = 0O

514 CUNTINUE

516 CUNTINUE
DU 520 N = 1,100
KYEAR(N) = O
KURIGN(N) = O
RUESTI(NY = 0
CAPL(N} = 0.0
CAP2(N) = (.0
KIRETI(N) = ©

KRIRETZ2(N) = O
EXDEBTIND = 040
BEBTEX(N) = 0.0
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520

526

530

531
532

533

TUEBT(N) = 0.0
NUHMLSPIN) = 0

CUNTINUE

UU 526 L = 1sNUMYR ¢ 1}
TUTCAPLL)Y = 0.0

TAN(L) = 0,0

TUK(L) = 0,0

TUTPH(L) = 040
CUNTINUE

Nos ]

UPTIMIZE ALL PLANTS AND INTERCEPTURS FOR EACH YEAR L

BU 650 L =2 Z2sNUMYH + 1
iFER = L = §

IYEAR = L + NYEAR = 1

M o= MALT(L)

TVALUE = 0,0

TANUAL = D,v

DETERMINE LOAD ON PLANT AT L» L + LAG » AND L + 20

UU 530 J = 1NUMPLT

CULECT(U)Y = 040

CULLAGCU) = 0.0

FUTURE(J) = 040

CUNTINUE

Du 532 U = 1, NUMPLT

DU 531 I = 1» NUMPLT

CULECTCU) a COLECT(J) + QUANTC(ISL)Y » INCIsdsM)
CULLAG(J) = COLLAGC(JU) « WQUANT(IsLeLAG) » INCI,JaM)
FUTUREC(J) = FUTUREC(J) + QUANTC(I,L+20) » IN(Isds¥)
CUNTINUE

CUNTINVE

AUD EXCESS FLOWS FROM PLANTS WITH MAXIMUM CAPACITIES

QU 533 J = 1» NUMPLT
IPCIBUT(J,NUMPLT#1sM) NES]1) GO TO 533
K = JALT(J,¥)

IFCREQ.0) 60 Tp 533
IF(K«GT,NUMPLT) GO TO 533

Q@ 2 COLECT(J) = CAPMAX(JrN)
IFCQeLE«Q.0) @ = 0.0

Gh = CULLAG(J) = CAPMAX(JaM)
TF{ULsLELO.0) QL = 040

QF = FUTURE(J) = CAPMAX({JeM)
IFCQFLLEL0,0) QF = 040
COLECT(K) = COLECT(K) + @
CULLAGI(K) = COLLAG(K) + 4L
FUTUREC(K) = FUTURE(K) + QF
CUNTINUE

OQUTPUT FLOWS COLLECTED AT TREATMENT PLANTS

IP CTANUALLLESO) GD TO 534

WRITE (6,92) IRUN

ISPACE = 4 * NUMPLT = 4

WRITE (6,93) ISPACE, (ASPACEs I = 1, ISPACE)

WRITE (6,943 NUMPLTs C(JPLTUI)» I =2 1,NUMPLT)

WR1TE (6595) IPERs IYEARs NALT(M)sNUMPLT»(COLECT(J)sJelaNUMPLT)
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IP = JPER + LAG

IY = IYEAR + LAG

KRITE (6,95) IPs IYs NALT(M)» NUMPLT, (COLLAG(J)» J = 1, NUMPLT)

IP = IPER + 20

IY = JYEAR + 20

WRITE (6595) 1P, 1Ys NALT(M)» NUMPLT, (FUTURE(J)» J 3 1sNUMPLT)
534 CUNTINUE

LECEANUALGLESO) GO TD 535

WRITE (6»,140) IRUNs» MSUM

WRITE (6,141)

WRITE (6,142)
535 CUNTINUE

FLIND CUSTS AND CAPACITY FOR EACH TREATMENT PLANT

DU 642 J = 1)NUMPLT

TREAT = COLECTC(J) » IOUTCJsNUMPLT*1»M)
TREATL = COLLAG(J) *» IQUTCJsNUMPLT+1,M)
LPRES = LTIRETCY)

TVALUE = 0,0

CUSTA = (.0

CUSTB = 0,0

FUEBTP(J) = 040

DETERMINE ANNUAL DEMAND OVER 20 YEARS

ULMANU = (FUTURE(J) = COLECT(J)) / 20.0
ULMP = DEMANU * TOUT(JSNUMPLT + 1, M)

CHECK TREATMENT PLANT FOR MINIMUM FLOWS

TP (TREATL.GESCAPMINC(JU)M)) GO TO 538
1P (LCHECK(J)«EQL1) GO TD 537
LUHECK(J) = 1

537 CUNTINUE
Gu T4 539

538 CUNTINUE
IFCLCHECK(J)eNEL1) GO TU 539
LCHECK(J) = 0

539 CUNTINUE

DLTERMINE DESIGN INDEX

INDEX = O
LTREAT = MTREAT(JsM)
IFCLQUAL(L*LAG) eGT«MTREAT(JsM)) ITREAT = LQUALCL+LAG)
IF(LQUALJ(JsL + LAG)«GTSITREAT) ITREAT = LQUALJ(JeL*LAG)
IFCITREATLLESLTTRETC(J)) GO TO 550
GU TO (542, 544, S46) LTTIRET(Y)
540 INDEX = ITREAT
GU TO S48
542 INDEX = ITREAT + 3
GU TO 548
544 INDEX = ITREAT + 5
GU TQ 548
546 INVEX = ITREAT + 7
548 CUNTINUE
550 CUNTINUE

DUES PRESENT CAPACITY AND TREATMENT LEVEL OF PLANT MEET DEMAND?
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ECAFPP & ACAPP(J}

TOTAR = 0,0

IF(TREATLLE.C«0) GO TO 572

TP CTREATLLLESACAPP(JY JAND 2 ITREATSLESLLTTRET(U))Y GO TO S72

VETERMINE OPTIMUM VESIGN PERIQGD FOR TREATMENT PLANTS

TSTAR = PERP

IFCITSTARLLESO) GO TO 555

IFCINDEXWLESO) GO TO 555

UU 354 [TInE = 1.25

TSTAR = (ALOGCC(TSTAR » RETURN(L})/ ALPHACINDEX) + 140)J/RETURNIL)
554 CunTINUE
55%% CUNTINUE

DETERMINE CAPACITY DF THE PLANT

KYEAR(N) = IYEAR
RURIGN(N) a2 J
CAPLIN) = ACAPP(J)
CAPZIN) = ACAPP(J)
KIRETI(N) = LTTRET(J)
KIRETZ(NY = LTYRET(W)
EXOEBTI(N) = ADEBTF(J)
DEBTEX{(N) = 0.0
TUEBT(N) = ADEHBTP(J)
CUsSTA = 0,0
IFCTREATLLLTCACAPP{J)) GO TO 556
ACAPP(J) = TREATL + DEMP » TSTAR
CAP2(N) = ACAPP(J)
556 CUNTINUE

CHECK TREATHMENT PLANTS AGAINST MAXIMUM FLUWS

IFCACAPP(JY«LEsCAPMAX(JsHM)) GU TO 558
ACAPP(J) = CAPMAX(JsM)
CAP2(N) = ACAPP(J)
P CIALT(JsMIWGELL1) GU YD 558
AP(LCHECK(JIWEQ.2) GU TO 557
LUHECK(J) = 2

557 CUNITINUE
GU TO 559

558 LUNTINUE
IPLLCHECK(J) WNEL2) GO TO 559
LOHECK(J) = 0

559 CUNTINUE

DETERMINE THE COST TO INCREASE CAPACITY OF PLANT

IFCACAPP(J)SLEJECAPP) GO TO 564
IPCLTTRET(JICEQR.Q) GO TO 564
CUSTA » AK({LTTRET(J)) » (ACAPP(J) » CAPLI(N}) ##
1 ALPHACLTTRET(M)) « FACCAP(L)

564 CUNTINUE

568 CUNTINUE

DETERMINE COST OF UPGRADING TREATMENT PLANT
IFCITREATCLEWLTIRET(J)) GO TO 570

IP CINDEXWEQ.0) GO 10 570
CUSTE = (AKCINDEX) ®» (ACAPP(J)) #+ ALPHACUINDEX))* FACCAP(L)
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572

575

sty

S78

a7y

KIRETZ(N) = ITREAT
LITRET(J) = [TREAT
CUNTINUE

DETERMINE TEMPORARY FUTURE COST OF EXPANSION

VEBIEX(N) = COSTA + COsTH

TUEBT(N) = ADEBTP(J) + COSTA + CUSTB
FUEBTP(J) = COSTA + CQSTH

N = N+ 1

ULTERMINE AMOUNT OF ANNUAL CAPITAL PAYMENT ON LAST YEARS DESBT

CUNTINUE
ANP(J) = ADEBTP(J) *» CRFP(L=1}
TANCLY = TanN(L) + ANP(J)

CALCULATE 0 & M CUSTS FUR TREATMENT PLANT

UMP(J) = 0.0

IFCLPRES.EQ.O) GO TU 575

UMP(J) = BK(LPRES) » (TREAT #» BALPHACLPRES)) & FACOM(L)
TuM(L) = TOM(L) + UMP(J)

TANVAL = TANUAL + ANP(J) + QMP(LU)

CUNTINUE

UETERMINE OISCOUNTED COSTS FOR DEBT ARND U & M UOF PLANT

AVGRET = (RETURNC1) ¢ RETURN(L)) /7 2.0
BUEBTP = ANP(J) /7 ((1.,0 * AVGRET) w»= (L=1))
BUMP s UMP(J} /7 ({140 ¢ AVGRET) #« (L=1))
TVALUL = BDEBTP + BONWP

DLTERMINE THE LOADS DN THE INTERCEPTORS

IFCIALTC(JaM)WLELD) GO TO 577
KUUT = JALT(J»M)

Fhun = COLECT(J) = CAPMAX{(JsM)
IPCFLOALLE.Ds0) FLUW = 0.0
FLURL = COLLAG(J) = CAPMAX{J»M)
IPCFLUNLALESO.0) FLOWL = 0.0
Gu 10 579

CUNTINUE

KUUT = NUMPLT + 1

DU 578 K = 1»NUMPLT
IF(K4EQeJ) GD TO 578
IFCIOUTCJa Ko M) EQe1) KOUT = K
CUNTINUE

FLUW s COLECT(M)

FLOWL = COLLAGCY)

CUNTINUE

SINCE THE TREATMENT PLANTS HAVE ONLY ONE DISCHARGE ROUTE
UK A MAXIMUM CAPACITY, THE TRUNK SEWER HAS THE SAME VALUE
FUR DEMAND

T5TAKS = 0,0

KALT(J) = KUUT

KUEST(N) = ©

DUES CAPACITY UF TRUNK SEWER MEET DEMAND?
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586
5871

588

DU 580 K = 1, NUMPLT
FUEBTSCJNKY = 0,0

BUEBTS(K) = 0,0

BUMS(K) = 0.0

ECAPS(K) = ACAPS(J»K)

UMSCJsK) = V.0

ANSUJIK) = 040

CUNTINUE

CUSTS » 0,0

IF(KGUT EQ.NUMPLT+1) GO TO 596
LE(FLOWLSJLECACAPS(J»KOUT2) GO TU 589

DETERMINE OPTIMUM DESIGN PERIUD FUR TRUNK SEWERS

TSTARS = PEWS

IPCITSTARMLLELO} GO TU S84

UU 584 ITIME ® 1,25 .

TSTARS = (ALOGC(TSTARS*RETURN(L)IIZALPHACLL) ¢ 1,0))/RETURN(L)
CUNTINUE

VETERMINE aPTIMUM UESIGN PERIOD FOR LIFT STATIONS

FSTARL = PERL

IP (IT5TAR,LELO) GO To 587

DU 586 ITIME = 1,25

TSTARL = (ALUGCCTSTARL#RETURNCLIDI/ZALPHACLL) ¢+ 1.0))/RETURN(L)
CONTINUE

CUNTINUE

UETERMINE TEMPORARY CAPACITY OF TRUNK SEWER

KYEAR(N) = IYEAR

KURIGN(N) = J

KUESTIN) = KOUT

CAPL{N) = ACAPS(J,KOUT)

NUMLSP(N) = 0

EXVEBTIN) = ADEBTS(JoKQUT)

DEBTEX(N) = 040

TUEBTIN) = ADEBTS(JsKOUT)

ACAFS({J,KOUT) = FLuwL + DEMAND # TSTARS
CAPZIN} = ACAPS(JsKOUT)

DETERMINE CUST OF EXPANDING CAPACITY 0F TRUNK SEWER
CINCLUDING DISTANCE AND ELEVATION DIFFERENCE)

CUSTS = 0,0
IP(CUEMANDEQs 0403 60 TO 592
IF(SLOPECJ,KOUT)+GTSLOPEM) GO TU 588

GHRAVITY fLow

CUSTS 8 (AK(11) » ((ACAPS(JsKQUT)I=ECAPS(KOUT))*e ALPHA(11))
1 * FACSEN(L)) » (DIST(JsKQUT) / 5280.0)

GU 10 s¢92

GRAVITY fFLOW PLUS LIFT STATIONS

CUNTINUE

PHEAD » SHEAD(J,KOUT)Y = (DIST(J»KOUT) » SLOPEM / 1000402
It (PHEAD «LE+0.0) PHEAD = 040
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592

589

590

596

297
600

606

oi0

612

NUMLS(J»KOUTY = (PHEAD 7/ HEAD) + 0.5
IPONUMLS(J,KOUT e LEL1) NUMLSCJSKDUT) = ¢

CUSTL = FACSEW(L) » ((AK(11) % (ACAPS(JsKQGUT) = ECAPS{XUUT))

1 *« ALPHACLLD) % (DIST(JSKOUT) / 5260.0) )

CUSTZ = FACCAP(L) » ((AK(12) » (ACAPS(J»KUOUT) = ECAPS(KOUT))

1 *% ALPHA(12)) « NUMLS{JsKOUT) )
CusTs = CcosTi + COST2

ULTERMINE FUTURE COST QF TRUNK SEWER EXPANSION

CUNTINUE

FUEBTSCJ,KQUT) = CUSTS

UEBTEX(N) = COSTS

TUEBT{N) = ADEBTS(J»KQUT) + COSTS
N =N+ |

CALCULATE THE © & M COSTS OF THE TRUNK SEWER AND LIFT STATIONS

AHEAD = 0,0

TP (NUMLSC(J,KOUTISLELQ) GU TO 590
AHEAL = PHEAD /7 NUMLS(J»KOUT)
CUNTINUE

UMS(JsKOUTY = FACUM(L) * ((BKC11) « FLUKW *% BALPHA(I1)
1 (BK(L12) 7 1000.,0) » FLOW »w BALPHA(12) * AHEAD ) & NUMLS(JsKOUT))

TUMCLY = TOM(L) ¢ UMS{JsKOUT)
TANUAL = TANUAL ¢ OUMS(JsKUOUT)

CALCULATE AMOUNT OF aNNUAL REPAYMENT oF CARITAL FOR LAST YEARS ODEBT

CUNTINUVE

DU 597 K = 1aNUMPLT

ANSC(Jsn) = ADEBTS(JsK) + CRFS(L=1)
CUNTINUE

CUNTINUE

TUTAL ANNUAL DEBT FUOR CAPITAL

DU 606 K = 12NUMPLT

TANCL) = TANCL) + ANS(JaK)
TANUAL = TANUAL ¢ ANS(JsK)
CUNTINUE

DETERMINE THE DISCOUNTED COSTS FOR DEBT AND D & M

AVGRET = (RETURNCL) + RETURN(L)) / 2.0

DU 610 K = 1 NUMPLT

BUEBTS(K) = ANS(JsK) /7 ((140 + AVGRET) #» (L=1))
TVALUE = TVALUE ¢ BUDEBTS(K)

CUNTINUE

IF(KOUTLEQ NUMPLT+1) G0 T0 612

BUMS(KOUT) = OMSCJsKQUT) / ({140 + AVGRET) ## (L=1))
TVALUE = TvaLyE BUMS(KQUT),

CUNTINUE

RETIRE DEBTY

TUTCAP(L) = TOTCAP(L) + ADEBTP(J) = ANP(J)
AVEBTIPUY) = ABEBTP(J) = ANP(J) + FDEBTP{J)
IFCADEBTP(U)SLELO0) ADEBTP(J) = 0.0

DU 622 K = 1,NUMPLT

TUTCAP(L) w TOTCAP(L) + ADEBTS(JsK) = ANS(JsK}
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AVEHTS(JsK) ® ADEBTSCJ,K) = ANS(JsK) ¢ FDEBTSCJIK)
IFCADEBTSCUsK) oLEL0W0) ADEBTS{JsK) = 0.0
622 CUNTINUE

LIiST DATA

IFCIANUALSLELO) GO TO 640
TOUTAL =  ANP(J) +  OMP(J)
IFCFUEBTP(UYWGTL040) GO TO 624
IFUTOTALWLE«0LD) GU TD 626
624 CUNTINUE
WHITECE, 1463 IYEARSNALTOMALTLL) ) 2 JPLT(JYsLCHECK{J)» TREAT,TREATL,
1 VEMPs TSTAKs INDEX: ECAPP» ACAPP(J)» ADEBTP(J)e FUEBTP(J),
2 ARPUJY» OMP(J), TOTAL, TVALUE
626 TUTAL = 0,0
DU 636 K = L.NUMPLT
JUTAL = ANSCJsK) +  OMSCJsK)
IFP(FUEBTS(JsKIeT40.0) GO TO 830
IPETUTALLLE.UL0) GO TO 634
630 CUNTINUE
PR EQ.KQuUT) G0 TU 632
WRITE (Hs14a7) IYEARs NALTOMALT(L))s JPLTCJY» JPLT(K)» NUMLS(J»K)»
1 LCAPS(K)» ADEBTS(JsK)s ANS(Js»K)» TOTAL
GU 10 634
632 NRITE (6s148) IYEAR, NALTOMALTCLY)s JPLTCJ)s JPLT(K)» FLOW,
1 FLUNWLs DEMANDs TSTARSHNUMLS(JsKDUT I+ ECAPS(KOUTY»
Z ACAPS(JsKOUT)s ADEBTS(JPKOUT)» FOEBTS(JsKOUT)Y» ANS(JsKOUT)»
3 UMS(J»KOUT)» TOTAL
634 TUTAL = ¢,0
636 CUNTINUE
640 CUNTINUE
TUTPH(L)Y = TOTPW(L) + TVALUE
642 CUNTINUE
IFCIANUALLLEZO) GO TD 846
WRITE (653150) TANUALs, TOTPHW(L)
6406 CUNTINUE
IANUAL & TANUAL = 1
650 CUNTINUE

SUMMARY OF ANNUAL COSTS

TA 8 0,0

TP = 0.0

HWKITE (6s156) IRUN, MSUM
HRITE (6,158)

WRITE (6,1560)

ARITE (6s161)

WKITE (6s162)

TUTAL = 0,0

DU 660 L = 2,NUMYR + 1
IYEAR = NYEAR = 1 + L
TUTAL = TANCL) + TUM{L)
TA = TA + TOTAL

TP = TP « TUTPH(L)

WRITE (62165) IYEARs NALTCMALTCL))» TOTCAPCLIs TANCL)s TOM{L)»
1 TUYALs TOTPW(L)

660 CUNTINUE
WRITE (62166) TA» TP

QUALITY = CAPACITY EXPANSION PRUJECTS
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1 KTRETI(N),
Gu TU 670

IFCIPROJWNELLY GO TU 470
KRETE (62168) IRUN» MSUM
WRITE (65170)
HRITE (60171
WRITE (62172)

NUMFRU = N
N 2 1sNUMPRO = |

bu 670

IF(KDESTIN) «NE+0.0) GO TU 664
WRITE (6,176) KYEAR(N),

KTRET2(N)»

664 HRITE (6,178) KYEAR(N),

1 CAP2(N)» EXDEBTIN),

670

CUNTINUE
sipp
END

JPLT{KORIGN{N))» CAPI(N)Is CAP2(N)»

EXDEHBT(N)s» DEBTEX(N)» TOEBTI(N}

JPLT(KORIGNIN)D» JPLT(KDEST(N))s CAPLI(N}»

DEBTEX(N)» TDEBT(N)

(R R R Oy e 8 2 R 2RISR 2 )

VATA

Q3

10

[131
2U«0
340468
1+201
1s532
1712
2:¢362
0.358
Us538
1.188
0s206
[17%-1.1]
U708
04127
Uel2s
[13

02

03

U4

us

gs

ol

[+]-]

oy

i¢

0l

02

0e

V¥4

02

03

g3

03

04

04

04

Q4

04

WASTEIN

10

01
5040
340466
Qe?73
0e800
Qe789
0758
Ue867
UsB17
Oa7T40
0660
Vebhy
Usb4b
U390
Geb15
2e27
4540
4455
1640
7e3
840
440
346
145
Ve
u2

01

03

(']

10

[¢Y

04

i0

V¥4

a3

05

08

10

04

13}
1040
26417
00537
0+0599
31070
061650
00133
0+0%85
0+1160
06523
0+1100
0s630
00018
0.0288
03064
342259
065591
0+1138
043715
03518
0sU
020990
06311%
0.0
12500,
12500,
38300,
41700,
40300,
383040,
7800,
G400,
41700,
76800,
5800
9300,
2400,

1974
Ot

02
211466
04775
0«B05
U746
0.730
0a942
Ue738
Da718
0681
0689
0722
Oeb64
0897
42144
4213,
4230,
4238,
4250,
4246
4243,
4277,
4300,
4236,
[{ N H)
0.0
0s0
Cel)
0s0
040
00
040
Qa0
0.0
040
00
U0

00

01
0+060
211.65

123

00

01 01 01 00

«U01675 100,0 2425 =100 2540
15184 4.36 4236 0s+21

SOUTH DAVIS COUNTY = SOUTH HWIP
SALT LAKE CITY

S0UTH SALT LAKE CITY

SALT LAKE CITY Se54Ds #1
GRANGER®HUNTER

SALT LAKE COUNTY COTTONKOUD
MURRAY

TRI=COMMUNITY

SANDY

NEW REGIONAL WWTP



4

5800
3600.
9300,
2600,
10200,
2800
18600,
18600,
13200,
13200,
40300,
3400
2400
3600,
10200,

11222,
{2700,
14900,
17600,
25400,
1883567
201864,
215361,
242356,
3206004
14802,
17783,
20764,
26726,
44000,
116464,
127744,
138604,
160326,
2233004
63450,
r7526,
91602,
119755,
201500,
43025,
51634,
60243,
77462,
127400
26645,
31984,
37322,
48000,
79000,
44567,
55577
66584,
88600,
152400
15238,
18099,
20960,
20682,
43300,

Ua0
0.0
Ue0
0+ 0

Q.0
0.0
{11}
Gs0
0e0
Us0
Vel
[ 3y ¢]
0s0

‘000

0.0
0.0
0.0
0.0
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0.0
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0.0
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