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Two different cost allocation methods were used to allocate the costs 

to individual potential users, a simple method based on flow and the game 

theory method. Of a total demand for reused water of 83 MGD, 7.5 MGD was 

found to be cost effective using the simple" added-pipe" rule allocation 

method, , 5.2 MGD using the game theory method, and pooling all the 

benefits and costs, 38.3 MGD. It is expected that the true cost effective 

system size will lie somewhere between these values. 
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CHAPTER 1: INTRODUCTION 

This report presents the wastewater reuse feasibility study, a 

comprehensive economic, engineering, and financial feasibility analysis of 

wastewater reuse in eastern Palm Beach County. The area was chosen out of 

all the counties in the South Florida Water Management District (SFWMD) 

because of the large amount of potential irrigation sites. Involved in this task 

are surveying the SFWMD for potential users and suppliers, selecting a test 

area in which the analysis will be performed in order to evaluate wastewater 

reuse as a potential water supply option, costing the proposed networks, 

allocating the costs to the users. The users will be ranked in order of cost, and 

this information will be used to find the total size of a net zero cost system. 

The thesis presents these details in basically this order. In Chapter 2, 

the study area is introduced, and the wastewater reuse problem is presented. 

Chapter 3 reviews other approaches to similar types of problems. The 

methodology of the study is presented in Chapter 4, and its application to 

Palm Beach County in Chapter S. Chapter 6 presents the conclusions that can 

be drawn from the wastewater feasibility study, and recommends where 

further research can begin. 

1 
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TABLE 2-1 INDICATORS OF WASTEWATER REUSE POTENTIAL 
WITHINTHE SOUTH FLORIDA WATER MANAGEMENT DISTRICT 

SUPPl Y POTENTIAL DEMAND POTENTIAL SYSTEM POTENTIAL 

CO. SHARES 
MAXIMUM OF MAXIMUM 

PRESENT APPROVED ESTIMATED 1990 PERMITTED URBAN POTENTIAL POTENTIAL POTENTIAL 
CAPAClTya WASTEWA TER fLOWSb LANDSCAPE USEd SYSTEMe SYSTEM 

COUNTY (MGD) (MGD) ACRESc (MGD) (MGD) (PERCENT) 

Broward 200.45 114.39 10,289 79.8 79.8 32.2 
Collier 33.90 8.95 4,425 34.3 8.9 3.6 
Dade 302.78 158.31 6,145 47.7 47.7 19.2 
Glddes 0.00 0.00 195 1.5 0.0 0.0 
Hendry 2.50 1.00 129 1.0 1.0 0.4 
Highlands 0.00 0.00 0 0.0 0.0 0.0 
lee 70.13 19.88 5,607 43.5 19.9 8.0 
Martin 9.50 4.38 2,654 20.6 4.4 1.8 
Monroe 24.30 3.51 118 0.9 0.9 0.4 
Okeechobee 4.00 0.00 0 0.0 0.0 0.0 
Orange 17.00 7.61 976 7.6 ·7.6 3.1 
Osceola 9.70 9.10 498 3.9 3.9 1.5 
Palm Beach 94.60 66.60 14,378 111.5 66.6 26.8 
Polk 0.00 0.00 205 1.6 0.0 0.0 
Sf. Lucie 7.00 8.04 965 7.S 7.5 3.0 

TOTAL 775.86 402.37 46,584 361.4 248.2 100.0 

a. Covers plants with a capacity approved by DER of 1.0 MGD or more. 
b. When flows were estimated to be less than 1.0 MGD, they were recorded as 0.0. 
c. Covers SFWMD permit categories of golf courses, landscape and recreation areas. 
d. Estimated from the acreages using an application rate of two inches per week. 
e. Estimated as the smaller of the supply potential of 1990 flows (column 2) and the potential use (column 4). 

'" 
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All the counties within the District were inspected, to find the county 

which should be selected as a "test case" for the feasibility analysis. Then the 

county selected was subjected to a detailed feasibility study, involving the 

optimization and design of the networks, the estimation of various costs for 

coalitions, the selection of a "fair" charge for each coalition, and the 

evaluation of each member as to its relative economic benefits and costs: 

Requlatory Requirements 

The state of Florida, through the Florida Department of 

Environmental Regulation and the Florida Department of Health and 

Rehabilitative Services, has a complex set of regulatory requirements for 

wastewater reuse. Since DER's standards exceed those of the EPA, they will 

be used for the design. 

The Florida DER classifies wastewater reuse schemes as slow-rate, 

high-rate, overland flow, and absorption bed (septic tank) systems (Florida, 

State of, DER, 1982). This reflects the influence of the EPA's classification 

scheme (U.S. EPA, 1978), in which wastewater reuse (unless it is linked in a 

closed loop to potable reuse), is defined as a land application scheme for 

disposal of wastewater; with the differentiation being that of the rate or 

method of application (e.g. overland flow, high-rate, slow rate). In Florida, 

slow-rate application of wastewater predominates, because of the shallow 

ground-water table, and the stringent regulatory requirements. 
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The following list summarizes the regulatory requirements having the 

greatest economic impact on the overall design (DER, 1982): 

1. BOD-same as secondary requirements 

2. TSS-Iess than S mg/1 

3. no detectable fecal coliforms 

4. alternative discharge systems 

S. 3 day minimum storage requirement 

6. buffer zones-SaO feet minimum distance to potable wells. 

7. buffer zones-public access-none required if irrigation is at 
night. 

8. monitoring wells mayor may not be required, depending on 
the hydrogeology of the site. 

9. 2 inches per week maximum application rate for slow rate 
system (on an annual basis). This can be raised in specific 
instances if the hydrology permits. 

In application these requirements may be individualized somewhat, 

as the enforcement of the regulations is left up to local DER officials, on a 

"case-by-case" basis. The treatment processes needed to meet these 

regulations are advanced secondary, followed by chlorination. Most 

treatment plants in South Florida currently treat wastewater to secondary 

standards. The inclusion of a tertiary filter (sized only for the flow to be used 

in the wastewater reuse system) and additional chlorination facilities would 

bring the wastewater up to these standards. The alternative disposal 

requirement probably has the greatest impact on costs, especially in cases in 

which the utility is at a decision point as to its disposal options. For example, 

the Loxahatchee River Environmental Control Di~trict 20 1 Region (ENCON), 
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located in North Palm Beach county and southeastern Martin county, is at 

such a decision point regarding its disposal options (Dent, 1982). However, 

due to the requirement of having a structural disposal method in addition to 

whatever wastewater reuse is developed, the cost savings are reduced from 

a" of the capital and operating costs to only the operating costs. These costs 

were evaluated for the ENCON region, and for both deep well injection and 

percolation/evaporation ponds the capital costs in each case were $.48/1000 

gallons; whereas the operating costs were only .05$/1000 gallons--indicating 

a significant economic impact due to this regulation (Robinson, 1981). The 

Florida DER has established this requirement because they don't want any 

substandard effluent to be applied to the irrigation sites, where public 

contact may become a possibility (Mozella, 1983). 

A substantial impact on this subject may already have decided the . 
issue. Treweek and TeKippe (1982) constructed water quality topographs 

(plots of water quality with respect to time and distance that, coupled with 

stringent water quality standards, and the effluent dilution requirements, 

the decision was made to construct "coastal wastewater treatment plants, 

and outfalls with diffusers. Each of these outfa"s, (which are used by many of 

the major treatment plants in south Florida) may become licensed to 

discharge primary treated wastewater in the near future. This would 

ultimately have a large negative impact on wastewater reuse as a water 

supply alternative. 
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Apparently, at this time, it was found that the policy of SFWMD of 

encouraging wastewater reuse in order to improve the regional water 

supply, and DER's policies on reuse conflicted, but Rogers (1982) found that 

the conflicting policies between DER and SFWMD concerning'reuse could be 

resolved. He points out that the requirement of the District for 3 day storage 

of effluent until it reaches the receiving water body matches that of the DER. 

In order to demonstrate ways that the Florida DER could encourage reuse, 

Maloy (1982) suggests rewarding municipalities for participating in 

wastewater reuse projects by sliding scales of increasing state matching 

funds. 

The historic drought precipitated discussion within and outside the 

SFWMD on requiring wastewater reuse to some extent. Niego (1982b) 

outlines the question of whether the SFWMD has the authority to deny water 

use permits based on the availability of wastewater for Reuse. In Niego 

(1982a, b). Contingent to any proposed rule is a required analysis of the 

impact of the costs of the regulation, part of which this project will attempt 

to address. 
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In a broad outline of the major costs and projects to be accomplished 

in the study, Sample (1982) determined that the major capital, operating, and 

maintenance costs to be evaluated were: 

1. transmission lines, 

2. pumping, 

3. additional treatment costs (tertiary filtration), 

4. costs of storage and/or an alternative disposal during wet 
periods, . 

s. costs of alternative disposal methods (as required), and 
alternative supply methods, and 

6. benefits due to increased water supply. 

District-Wide Survey of Supply and Demand of Wastewater 

The first task of this study was to identify potential users and possible 

suppliers of wastewater District-wide, and to determine the relative balance 

between the two. This is useful in obtaining an estimate of the potential 

regional significance of wastewater reuse within the SFWMD. It will also 

point out which areas in the system are most likely to be supply constrained 

and which areas are most likely to be demand limited. 

To identify the potential suppliers, the names, design capacity, 

treatment type, and disposal method of all treatment plants within the 

District of 1 mgd or more capacity were obtained from a centralized 

computer listing provided by the Department of Environmental Regulation 

(DER). As there were some missing data within this list for a small fraction of 
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the treatment plants, it was supplemented by information from the various 

201 planning documents and information from regional planning councils 

such as: Barker, Osha, and Anderson, Inc. (1975); Broward, County of, 

Planning Dept. (1980); Camp, Dresser, and McKee (1981); CH2M Hill and 

Hensley Schmidt, Inc. (1979); CH2M Hill (1982), Dade County, Office of 

Planning {1982}; Frederick Bell, Inc. (1977); Greeley and Hansen, and Connell 

Assoc. (1973); Howard Needles Tammen and Bergendoff (1980); Johnson

Prewitt and Associates, Inc. (1978); Palm Beach County, Area Planning Board, 

Environmental Quality Division (1978); Palm Beach County, Area Planning 

Board of (1981) Phillips, K.J., et ~.(1982); Robert and Company Associates, 

and William M. Bishop, Inc. (1978); Ross, Saarinen, Bolton, and Wilder (Camp, 

Dresser and McKee) (1979); Russell and Axon, Inc, and Barker, Osha, and 

Anderson, Inc. (1980); Russell and Axon, Inc. (1980); Russell and Axon, Inc. 

and PRC Harris, Inc. (1982); Smith and Gillespie Engineers, Inc. (1978); 

Southwest Florida Regional Planning Council (1980), Stiller, D.B., and Assoc. 

(1982); and Williams, Hatfield, and Stoner, Inc. (1982). 

Counties that are only partially within the district were surveyed, and 

only those treatment plants located within the SFWMD boundaries were 

included. Total capacities by county are presented in Table 2-1. The 

individual treatment plants, their design capacities, type of treatment, and 

disposal methods are presented as Appendix Table A-1. 
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The values in Table A-1 were used in the following analysis in order to 

determine an accurate estimate of the expected wastewater supply within 

each county. A comparison of these capacities with historical flows in several 

counties revealed large discrepancies indicating that the capacities are 

inadequate as an indicator of present supply capability or of the capability at 

any specific time in the future. These discrepancies probably arise because 

capacities are meant to cover peak rather than average flows and generally 

include capacity installed to handle future growth although the amount of 

this excess present capacity seems to vary significantly from' county to county. 

For this reason projections of average wastewater flows were formulated for 

the District by county using projected 1990 populations, an estimated 

percentage of the population served by sewer systems and a planning 

estimate of wastewater generated of 100 gallons per capita per day. The 

projected populations were taken from the most recent medium growth rate 

projections produced by the Bureau of Business and Economic Research of 

the University of Florida, 1982. For counties not entirely within the District 

future District shares of population were estimated to be the same as 1980 

shares developed from the 1980 Census of Population and. Housing. The 

percentages of the population served by sewers were also estimated using 

the shares of dwelling units so served from the 1980 Census of Population 

and Housing. The year 1990 was selected as a reasonable time in the future 

when comprehensive wastewater reuse systems could be implemented. The 

projected 1990 average wastewater flows by county are presented in column 

2 of Table 2-1. 
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The potential supply figure represents an upper bound to the 

wastewater reuse potential in a given county, since it is assumed that any 

potential system is feasible as long as there is a supplier and a user. In fact, 

other problems including proximity within the county and· direct cost 

considerations may well serve to further limit the possible system. These 

considerations are more thoroughly investigated in Chapter 5. The figures 

roughly correspond to population using average per capita usage, with the 

exception of the West coast counties of Lee and Collier, which, due to their 

rapid growth, lack of regional facilities, and a high seasonal population, have 

a large amount of unutilized capacity. The data show that the less populated 

counties in the District (i.e., Glades, Hendry, Okeechobee, and Polk), have 

very little capacity or wastewater flows available for reuse. Dade, Broward, 

Palm Beach, and Lee counties, on the other hand, have the largest supply 

capabilities, and projected flows. Palm Beach county clearly has the most 

potential demand, followed by Broward, Dade, Lee, Collier, and Martin. 

Within this group, only Dade and Broward counties have more supply than 

demand. Those counties that have more supply than demand in Table 2-1 are 

italicized. Taking the minimum of the potential demand and the potential 

supply for each county as an indication of the maximum size limitation of any 

wastewater reuse system within any county provides the data in column 5 of 

Table 2-1. 
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Selection of the Test Area 

A bar chart was constructed based on the information given in Table 

2-1 (see Figure 2-3). This was done in order that the respective counties could 

be compared among the 3 factors previously defined, 1990 wastewater flow, 

potential for wastewater reuse, and maximum wastewater reuse system. By 

far the greatest potential is within the three Lower East Coast counties,i.e., 

Dade, Broward, and Palm Beach. The total of 248.2 MGD represents about 

one quarter of the estimated potable water consumption within the District. 

Three quarters of the potential system capacity would be located in the 

populous Lower East Coast counties of Dade, Broward and Palm Beach; with 

Broward county showing the largest single share (32.2%). 

However, having a wastewater reuse system would have significant 

impact on water supply capabilities only during periods when the source 

(aquifer) is not full and discharging. Thus, in the Lower East Coast, a 

wastewater reuse system would contribute to water supply capabilities only 

when discharges are not being made to tidewater. Once this occurs 

(discharges stop), the wastewater reuse system will tend to have a cumulative 

impact on total water in the aquifer approximately equal to the sum of the 

daily wastewater reuse for the period of no discharge. For the Lower East 
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Coast counties this could amount to a maximum of 71,500 AF at the end of a 

drought which brought a four month period of no discharge. The significant 

potential size of the wastewater reuse system compared with other water 

supply augmentation options, indicates that a closer. look should be taken at 

the costs and impacts of such a system on users and suppliers, and on the 

benefits of the regional system as a whole. These costs and impacts are 

developed and discussed in Chapters 3 and 4 and are used to test the 

economic feasiblity in eastern Ralm Beach County in Chapter s. Palm Beach 

County was chosen for the analysis mainly because it has the largest potential 

for wastewater reuse due to the large concentration of golf courses within 

the area. The other 2 counties, Broward and Dade, may also be candidates 

for consideration in later analysis (not a subject of this research). 
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CHAPTER 3: ANALYTICAL APPROACHES TO SOLVING COMPLEX WATER 
RESOURCES PLANNING PROBLEMS WITH APPLICABILITY TOWARDS 

WASTEWATER REUSE PLANNING 

In planning or designing any wastewater irrigation system, several 

economic conditions prevail that complicate the analysis. The. economies of 

scale involved are non-linear functions of many unknown variables, and 

several simplifications and/or optimization procedures may need to. be 

performed in order for the problem to be solved. This is especially true in 

preliminary planning st~dies, in which case the cost of obtaining more data. 

may actually exceed the cost of the design (Clark and Dorsey, 1982). This 

chapter elucidates how others have attacked this problem from widely 

varying points of view. The next chapter develops techniques adapted from 

these sources so that they may be applied to the study in eastern Palm Beach 

County, Florida. 

The methods of analyzing these types of problems were grouped 

somewhat arbitrarily into the following four major categories: 

• Economic studies: Studies that use generalized 
microeconomic criteria to judge the feasibility of wastewater 
reuse projects. 

• Cost estimation techniques: Use of various methods, mainly 
regression analysis, in order to evaluate costs of wastewater 
reuse projects and thereby determine their feasibility. 

• Planning models: Use of operations research techniques to 
optimize proposed networks of wastewater sources and sinks 
(suppliers and users). 

• Cost Allocation techniques: How to divide up the non
separable costs of a wastewater reuse project among the 
various users. 

19 
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Of course, studies within these categories may overlap to varying degrees, 

but consideration of all of these approaches is necessary to develop a 

consensus in evaluating the costs and benefits of wastewater reuse. 

Economic Studies 

As a water supply alternative, a wastewater reuse system must 

compete in the marketplace for available funds with other available water 

supply options. Young (1982) presents a economic model in which he applies 

basic microeconomic principles to aid in evaluating the factors that influence 

decisions on reuse. He evaluates the positive and negative aspects of 

wastewater reuse with regard to the economic impact of its quantity and 

quality, organic and nutrient content, and heavy metals and viruses. As there 

is no reason to assume the equilibrium price (for wastewater) is a positive 

value, the charge should be based in part on amount to be provided, the 

desired wastewater characteristics, and alternative disposal options, 

availability of alternative sources of water supply, and public concern. This 

means that if it costs more to dispose of the wastewater than it would to 

implement a reuse system, then it may instead prefer to pay subsidy to 

encourage the reuse of wastewater. 

Horne, et~. (1981), and the Orange and Los Angeles Counties (1982), 

present a screening/market analysis. They found that southern California is 

an unusual case in that no other area in the u.s. lies as far from its source of 

water supply as Los Angeles and Orange counties. As such, the large extent 
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to which wastewater reuse is utilized in southern California is primarily based 

on two considerations, namely the dry climate, and the relatively high 

alternative costs of water supply. Neither of these conditions are present in 

southern Florida, so care must be taken in applying the results from the OlAC 

(Orange and los Angeles Counties Water Reuse Study) analysis. Their three 

steps to a preliminary analysis were: 

1. Customer screening 

2. Evaluating the market priorities-Ranked A-D in order of level 
of required treatment 

3. Identifying the service areas 

The study found that most of the cost of a reuse project is capital (60-75%), 

and most of the project cost is in the distribution system elements. Part of the 

purpose of the study was to develop a set of criteria in order to evaluate the 

potential users quickly, using statistical cost functions of relevance to the 

area. 

Bruce and lee (1981) also did a market survey and analysis for the 

EBDA (East Bay Discharger's Authority) located on the Southeastern shore of 

San Francisco Bay. This study evaluated possible wastewater re-users as to 

their cost-effectiveness, based on available technology. This was 

accomplished by estimating the costs, comparing, and screening the possible 

users in an iterative process thereby reducing the list of possible projects 

considerably. They compared wastewater reuse with existing water supply 

costs and the local share of capital projects, and the incremental cost of 

freshwater supplies, and ranked the users in terms of cost-effectiveness. In 
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their analysis, they evaluated the costs of serving several· users, and 

developed the curves shown in Figure 3-1 to help in screening potential users, 

in order to serve the most economically efficient ones. These curves illustrate 

the economies of scale of area (related to flow), and a similar relationship of 

costs with distance. 

S/AC-FT. 
SERVED 
(1979) 

400 

300 

200 

100 

o 

~~~~;;::t::.~.~.~,. ·f~~400-500 
AFiYR 

2000 4000 6000 

DISTANCE FROM NEAREST ADJACENT USER(FT.) 

600-800 
AF/YR 

8000 

FIGURE 3-1: EBDA COST CURVES FOR IRRIGATION RATES FROM 10 TO 800 
AF/yR., VS. DISTANCE FROM THE NEAREST USER 
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Clark, et £1. (1982) indicates that the water supply problem in the 

Washington, D.C. metropolitan area is due to the highly variable flows in 

Potomac River, and the lack of storage facilities. They did a simple cost 

allocation, dividing the costs between wastewater treatment and water 

supply (60/40). They found that wastewater reuse was the worst alternative 

of the different options available to the area; and would only become 

feasible if wastewater stanqards were required to meet Drinking Water 

standards. Water conservation was found the best alternative for the 

Washington area. 

A summary of the benefits of reuse is provided by Donovan and Bates (1980): 

• 
• 

Conservation of water 

Recycling of nutrients 

,. Cost and energy savings 

• Reduction in the discharge of pollutants 

• Realization of other public priorities (such as recreation) 

• Encouragement of industrial recycling 

... 
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The study by Schmidt et~. (1975) presents a checklist for determining 

the potential practicality of wastewater reuse. This list is essentially the main 

variables that will have an impact on the cost analysis. 

1. Existing or future freshwater supply is limited relative to 
demand. 

2. Existing or future fresh water supply is expensive. 

3. The area presently includes or will include individual 
reusers of large volumes of water. 

5. Requirements for improved wastewater effluent are 
impending or anticipated. 

6. Wastewater dipsosal is expensive; e.g., a long outfall line is 
required .. 

Cost Estimation Techniques 

These studies present numerical models which attempt to 

approximate the production function relationships between the modelled 

inputs and outputs, in most cases quantity and cost, in terms of easy to use 

and updated equations, of a power function relations of one or two 

variables. 
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Gutherman et.§.!. (1979) present tables of sample data and cost curves 

for components of various water treatment facilities. Although cost 

equations were not provided, simple and multiple regression can be 

performed on the data taken from the tables. None of the statistical data 

necessary in judging the accuracy of these curves were provided. However, 

the authors state that the relationships passed the necessary criteria for 

statistical significance. 

Perhaps the most comprehensive evaluation of these· relationships is 

the one by Clark and Dorsey (1982, pg. 618). They found that "economic 

appraisals are necessary to eliminate non-cost-effective altern~tives and, to 

concentrate research and engineering studies on the most promising 

designs". They developed five categories of steadily improving levels of cost 

estimating procedures, shown in Table 3-1. A'lso, a conceptual analysis of the 

expected accuracy from the various types of cost estimates can be found in 

Figure 3-2, which illustrates how far off the estimate can be lithe first time," 

when little or no data are available, and shows the learning curve of 

decreasing costs for similar projects as they are attempted later .. 
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2. 

J 

4. 

5. 

TABLE 3-1: DEFINITION OF FIVE BASIC TYPES OF ESTIMATES OF TOTAL PLANT COSTS 
(Clark and Dorsey, 1982) 

USUAL 
TYPE OF EQUATION CHARACTERISTICS PURPOSE RE.LlABILlTY 

% 

O,.de,-ut·flI.lynllulle'dIIO R.lpld. Very rough Preliminary indication. Check on result by About + 30 to 

more detailed method. - 60 

Study (wmmonly called a factor Flow diagram. material and energy balance. For generalized evaluations. Guidance for ±30 

e~tlmdlt') type and me equipment further investigation. Basis for process 
. 

selection. Research and development 

gUidance. 

Prehmilldry budget authorizdtlon Add surveys and some foundatlo;l Basis for deCision to undertake detailed ±20 

engineering. transportation faCilities. engineering. Sometimes basis for budget 

buildings. ~tru(tures. lighting. authOrization. Can be for generalized " 
evaluation but usually for site-specific 

installation. 

Deflllltive project control More det~lled engineering. Not based 011 Sometimes the basis for budget ±10 

complete speCifications and working authorization. Provides improved estimate of 

draWings. ReqUires e)(perienced estimating project to be built. For site-specific 

orgdnlzdtlon Clnd subst.ultlal outlay Installations. 

Detailed hrm bid Complete site surveys. speCificatiOns. and Made to control cost of project being built. ±s 

working drdwlllgs. For site-specific installations. 
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Relative time in years 

FIGURE 3-2: EFFECT OF VARIOUS FACTORS ON 
PROJECTED AND ACTUAL CAPITAL COSTS 

(Clark and Dorsey, 1983) 

The classic paper by Linaweaver and Clark (1964) presents water 

transmission costs clustered with the main variables of capacity, distance and 

materials. They present tables of actual pipelines costs brought to one time 

base, from which multiple and simple regressions were performed to find 

equations for the optimal diameter for the pipelines. They estimated 

operating and maintenance costs for pumping as 8% of the annualized 

capital costs. 
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Marsden, et~. (1973, pg. 2106) present the general functional forms 

of cost equations and develop a classical rigorous approach to cost estimating 

based on multiple variables. They caution against using regression results for 

future plann"ing or operating rules, as the cost equations, by their nature, 

only match historical data, and cannot take into consideration future events, 

such as: 

1. Relative prices of inputs have changed, requiring a different 
mix of inputs for producing a particular level of clean 
effluent at least-cost. 

2. Technological changes that can substantially reduce cost are 
introduced. 

3. Existing plants are likely to be an inefficient combination of 
technologies embodied in a series of additions or alterations 
that were made in response to earlier price and technology 
changes or to quality or quantity adjustments in the input or 
output. 

4. Existing plants are not likely to be cost minimizers, because 
they are not operated for profit. 

They stressed the need for an overall system model and analysis, and using 

the regression equations in conjunction with specific engineering and 

physical principles. 

Reed, et~. (1979) emphasized wastewater reuse as a disposal option 

called land treatment, defining several types of this process: slow rate, rapid 

infiltration, overland flow (this analysis is only using slow rate application of 
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wastewater}. They give generalized cost equations for various structural 

requirements of a land treatment system, an example of which is shown 

below in Figure 3-3 for chlorination facilties. 
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NEEDED FOR WASTEWATER REUSE 

(Reed etal.1979, costs are 1973) 
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Harris, et ~. (1982) developed a computer model (CAPDET) that 

evaluated costs about at the level of stage three of Clark and Dorsey (1982). 

This model analyzes and estimates costs based on statistical cost data for 

various wastewater treatment facilities, providing much itemized detail. The 

model is available to users in tape form or as an on-call library. 

For a comparison of costs, Schmidt et ~. (1979) give one of the few 

tabulations of costs for reuse projects, concentrating mainly in the western 

states. They included deep-well injection as wastewater reuse, which is not 

considered the case in Florida. 

A theoretical analysis by Deb et ~. (1978), gives statistical equations 

of pipelines in both capital and operating costs, ·along with pumping costs, 

and performs an optimization scheme in order to find the least cost diameter 

for a given pipe. This method will be adapted later in the theory section to be 

used in the wastewater reuse study. 

Operations Research Techniciues 

These methods use operations research techniques to develop models 

representing a wastewater reuse system in conjunction with cost equations 

developed from the previous authors in order to evaluate the option of 

wastewater reuse in the planning situation. A problem in using this method 

is that assumptions made to solve the problem eliminate the realistic 

considerations necessary in solving it, namely the concave, non-linear nature 
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of the objective function. This non-linearity is necessary in order to account 

for the significant economies of scale that are so prevalent in water resources 

systems. The following pages present the major contributors of models of 

this nature. 

Perhaps the most comprehensive approach, was attempted by Bishop 

and Hendricks (1971), and Bishop et !.t. (1974, 1975). They applied the 

classical transshipment or transportation problem to the problem of 

determining the optimal" strategies for water reuse, as compared against 

other water resources options. Costs were assumed to be linear, the objective 

function was to minimize the cost of meeting water supply and wastewater 

treatment to satisfy water quality standards. They found that the locational 

advantages of water and wastewater plants were important. This model was 

applied to the Salt Lake City region in Bishop and Hendricks (1971). An 

obvious shortcoming of this model was the linear objective function. A 

following analysis by Rios and Maldonado (1981) applied the linear program 

to Puerto Rico, but was limited to one source. 

Klooz and Hendricks (1982) applied a matrix of input-output tables to 

model the quantity of wastewater reuse in the Cache La Poudre River Basin in 

northern Colorado. 
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Joeres et ~. (1974) suggest a trade-off between economies of scale 

inherent in wastewater treament plants and added pipe network collection 

costs. They used mixed integer programming to approximate 'piecewise 

linear concave 'cost curves, incorporating capacity limits, and quality limits, in 

a planning model of the wastewater system in Dane County, Wisconsin. 

Mulvihill and Dracup (1974) used non-linear concave cost functions, 

allowing for only one large user. The objectives were to: minimize the cost of 

supplying water from several sources (including wastewater), and to 

determine the capacity expansion schedule of the water and wastewater 

treatment processes. 

Pingry and Shaftel (1979) formulated a transshipment-style non-linear 

model which took into account flow requirements and water quality. The 

problem was solved by an iterative method in which the problem was 

formulated as"a transshipment problem with a non-linear objective function, 

solved for a set of water quality parameters, which were then found by use of 

a search technique. 

Fordham (1981) developed a piecewise linearization process for the 

demand and cost functions, using a"n out-of-kilter iterative method to solve 

the transshipment formulated water reuse problem. This model was applied 

to Carson City, Nevada. This method is similar to the one later presented by 

Ocanas and Mays (1981a). 
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Mandl (1981) surveys the state of the art of network models and 

algorithms that are used in irrigation and wastewater systems. He suggests 

that the problem with the models is the objective function, i.e., it is concave, 

and non-linear,. in order to account for the ecor:'omies of scale. As there is no 

"best" model, the user must make a tradeoff between computational 

efficiency, quality of the solution, and validity of the model. 

In Phillips et ~. (1982) a mixed integer programming model was 

applied to areawide wastewater management in Nassau County, New York. 

fts main advantage is that it does not require large amounts of computer 

time, and may be useful in preliminary screening for 201 studies. 

Ocanas and May's, (1981a), (1981b), and (1981c) developed a non

linear programming model for determining the optimum reuse of 

wastewater on a regional basis, minimizing total costs of water supply, 

considering water quantity and quality, many sources, users, and treatment 

facilities, resulting in both linear and nonlinear constraints. The techniques 

developed were the large-scale generalized reduced gradient and the 

successive linear programming with rejection (both are iterative search 

techniques). Solution of the problem was achieved through an out-of-kilter 

algorithm. Application to San Antonio, Texas to the year 2060 was applied, 

local optima were found, but were not guaranteed to be global. An example 

of a system that Ocanas and Mays modelled is shown in Figure 3-4. 
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USERS WASTEWATER 
TREATMENT 
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FIGURE 3-4: WASTEWATER REUSE FLOW NETWORK EXAMPLE 
(Ocanas and Mays, 1981a) 

These analytical methods were developed in response to the problem 

of equitably dividing the costs of any multiple user water resources project. 

Presented here are the authors whose cost allocation method was chosen to 

be applied to the wastewater reuse project. The method of choice is from 

Heaney and Dickinson (1982) who term it the Minimum Cost, Remaining 

Savings (MCRS) method. It was proposed as an improvement over existing 

cost allocation techniques, such as the Separable Costs, Remaining Benefits 
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method (SeRB). The main differences between these methods are how they 

satisfy the equity conditions that no individual or group will be forced to pay 

more for its share of a project than it would on its own. 

The following criteria are presented as a guide to the selection of a 

cost allocation method (presented in Heaney and Dickinson (1982, pg. 476) 

from Ransmeier (1942): 

1. The method should have a reasonable logical basis. It 
should not result in changing any objective with a greater 
investment than the fair capitalized value of the annual 
benefit of this objective to the consumer. It should not 
result in charging any objective with a greater investment 
that would suffice for its development at an alternate 
single purpose site. Finally, it should not charge any two or 
more objectives with a greater investment than would 
suffice for alternate dual purpose or multiple purpose 
improvement. 

2. The method should not be unduly complex. 

3. The method should be workable. 

4. The method should be flexible. 

5. The method should apportion to all purposes present at a 
multiple purpose enterprise a share in the overall economy 
ofthe operation. 
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Heaney and Dickinson (1982, pg. 478) list six obvious ways of 

allocating costs: 

1. equally, 

2. proportionally to a physical measure of use, 

3. entirely to highest priority group up to limits of their 
benefit, 

4. proportionally to benefit in excess of assigned separable 
cost, 

5. proportionally to excess cost to provide the service by some 
alternate means, or 

6. using the remaining benefits method described in (5). 

Their method involves the use of graphical representations which will 

be presented in chapter 4. The method that they develop, in equations (also 

presented in chapter 4) satisfies the equity criteria, allowing for stable 

coalitions. 

Young et~. (1982) illustrate the relationship between the number of 

users in a coalition, and the cost savings (over the last coalition) in Figure 3-5. 

As the size increases, the cost savings increase (to follow economies of scale), 

but the cost savings decrease after an optimal point. They also present the 

following equity principles (pg. 465): 
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FIGURE 3-5: COST SAVINGS AS A FUNCTION OFTHE SIZE OF COALITIONS, 
(Young et ~. 1982) 

1. Individual rationality-marginality-no individual should 
forced to pay more than what it can obtain in another 
coalition. 

2. Group rationality-marginality-no group should be forced 
to pay more for its share in a project than an alternative 
coalition including itself would give it. 

3. Direct costs-costs incurred by a group no matter what 
choice is made. 

4. Monotonicity an increase in total costs shall not result in 
some participants having to pay less than before. 

S. Simplicity 
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They evaluate several different allocation methods with respect to 

their meeting these criteria, (after. estimating the costs of water project costs 

in Sweden), and found that the SCRB method fails almost all tests-inidicating 

it is one of the worst ways of allocating costs. The proportional nucleolus 

method passes all tests with the exception of simplicity (due to the fact that a 

large number of lin~ar programs need to be run to obtain a result). Because 

of this, and for the reason that the data available was sketchy at best, the 

simple method of basing the charge on population was used in later analyses 

of the same area. 

McConagha and Converse (1973) examine the trade-off between 

pipeline (transportation), and treatment costs (capacity). They developed a 

heuristic algorithm to solve the general problem by iterative techniques, the 

allocation of costs to the communities was by several different methods 

based on population, or the" added pipe rule" --that community (or group) 

which causes a new trunk pipeline to be built should pay for it. 

Loehman et ~. (1979) examine the implementation of a cost 

allocation method that, by assessing a "fair" charge to each member of a 

regional wastewater treatment system, would encourage a regional system. 

They suggest that only the subsidized cost (minus federal contribution) be 

considered for costs to the municipalities (there are diseconomies in applying 

this method). They also suggest that piping costs be allocated separately 

from treatment costs, so that pipeline costs are allocated for any section of 

pipe in proportion to flow, but only for the users of that section (doesn't 

satisfy marginal costs criterion). 
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James and Lee (1971, pg. 539) outline the different cost allocation 

methods in a matrix, suggesting that the method should be adjusted by the 

user in order to meet social goals as they state: 

Cost allocation affects the price of prQject output. Price affects 
use. Efficient use occurs when price equals marginal cost. Charges 
affect income distribution. Thus, because cost allocation directly 
affects economic and social efficiency, the allocation method 
should be used which does the most to promote the desired social 
goals. 

Loughlin, (1977, 1978) suggests that the feasibility of a project and its 

cost allocation are independent of each other, and presents an adjusted SCRB 

method that he claimed met some additional equity criteria. Rossman (1978) 

adjusted this adjusted SCRB method further to satisfy his interpretation of 

the equity criteria. 

Summary 

By reading the literature, and examining the methods by which 

others have attempted to solve similar problems, it is easy to see that the 

problem of determining the feasibility of a water resources alternative such 

as wastewater reuse is a complex task, and a complete solution may be out of 

reach. But, with a judicious combination of the techniques developed by 

others, a reasonable approximation can be achieved so that wastewater 

reuse can be evaluated as a water supply alternative. The methods adapted 

from the literature will be presented in the following chapter. 



CHAPTER 4 METHODOLOGY FOR THE FEASIBILITY STUDY 

Selected ideas and approaches (introduced in Chapter 3) of analyzing 

the costs involved in water resources projects are adapted' in this section, 

which mainly concerns itself with developing the theory and method to assess 

the relative economic impacts of wastewater reuse. The problem consists of 

five major parts, three of which will be subsections in this chapter, one of 

which has already been addressed, and one of which will be addressed in the 

following chapter. These are: 

1. Identifying the major users and suppliers of wastewater 
within the SFWMD, and selecting the "test" area. 

2. Determining the minimum physical facility requirements that 
will need to be constructed and/or modified (if existing 
facility). . 

3. Evaluating the costs of constructing the required facilities. 

4. Evaluating the alternative costs (i.e., for disposal or 
alternative water supply). 

5. Allocating the costs among the respective users. 

Assessing the costs and/or benefits of a wastewater reuse system i.e., 

determining where the impact will lie, is the first step towards quantification 

of the costs of major facilities. Economic principles from the studies shown in 

Chapter 3 will be incorporated into the methodology, and costs avoided 

and/or alleviated will be estimated, and subtracted (or added) in order to 

determine the actual true cost of the system. 

40 
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The physical requirements of the possible wastewater reuse systems, 

determined by examining other water reuse systems (Suliivan, et~. 1973), 

coupled with the regulatory constraints, predetermine the following 

impacts: 

1. The supplier would have to apply tertiary filtration to secondarily 
treated water to meet DER requirements as to the finished water 
quality applied to the reuse site. 

2. The supplier would have to provide capacity for storing effluent 
for three days. 

3. The supplier or user would have to construct and operate pipelines 
to deliver the water to the place of use. 

4. The supplier would reduce the use of the alternative effluent 
disposal method and save operating and maintenance costs and 
possibly some capital costs. 

5. The user -would reduce the use of the present facility which now 
supplies it water (wells, pumps, or public water supply systems), at 
some operating cost savings. 

6. The user would have to integrate the wastewater into the system 
without violating restrictions on the mixing of wastewater and 
stormwater. 

7. The user could count on reduced impacts during any declared -
water shortage, since the use of the wastewater would be exempt 
from any restrictions. 

8. The regional water supplier could count on more water being 
available thereby reducing demand during droughts, which would 
reduce the need for regional system improvements. 

These requirements are summarized in Table 4-1 which shows the 

impacts and whether each impact would result in additional costs or reduce 

costs. Most of these costs involve both capital and operating and 

maintenance costs, with the possible exception of some of the costs avoided. 
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For example, no capital costs savings can be credited towards wastewater 

reuse for the non-utilization of an ocean outfall, but the operating costs of 

the outfall can be credited towards wastewater reuse. Table 4-1 also specifies 

the impacted group, which was determined mainly by the location and 

purpose of the group involved. This framework limits the scope of the 

potential impacts, which of course is a simplifying assumption made so that 

the major costs can be evaluated. Essentially no impacts are expected on the 

treatment plants in so far as their collection, primary and secondary 

treatment systems are concerned, i.e., all costs will be borne by the 

marketplace. In the same way it is assumed that the users will continue to 

operate with the same irrigation (sprinkler) system, with a minimum of 

conversion costs. 

TABLE 4-1: IMPACT CATEGORIES FOR WASTEWATER REUSE SYSTEMS 

CATEGORIES 

Tertiary filtration 
Additional chlorination 
Storage facilities 
Transporting water to the user 
Alternative effluent disposal 
Present water supply source. 
Separating waste andstormwater 
Fertilizer requirements 
Water shortage impacts 
Regional supply capacity 

IMPACT 

higher cost 
higher cost 
higher cost 
higher cost 
cost avoided 
cost avoided 
higher cost 
cost avoided 
cost avoided 
cost avoided 

IMPACTED GROUP 

supplier 
supplier 
supplier 
supplier 
supplier 

user 
user 
user 
user 

Regional water 
manager 

The next step is to detail the cost relationships which were used to 

generate the treatment, storage, water transport, effluent disposal and 

present water supply costs. 
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Cost Relationships 

Cost relationships in treatment systems show very good economies of 

scale, as they vary mainly with the capacity (flow) of the plant (Gut~erman et 

~. 1979). Presentations of these relationships vary widely in their accuracy, 

and in the magnitude of their scope. First order estimates, (such as "primary 

treatment") contrast to the second or third order estimates which detail the 

costs (such as' "filtration-- backwash filter--construction materials") with a 

resultant increase in accuracy from + /- 60% to + /- 30% (Clark and Dorsey, 

1982). 

The purpose of these relationships is to evaluate different alternatives 

with a minimum of engineering design information, in order to make 

enlightened economic decisions. Some authors have criticized the use of 

statistical cost equations (Marsden et ~. 1973). However, lacking other 

information, they serve a purpose. As long as the results are not extrapolated 

and used with caution, they can help illustrate the relative cost impacts of 

water resources projects. The EPA has produced numerous texts 

documenting costs curves and regression relationships for components of 

treatment system (see Table 4-2). 
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Marsden et~. (1973) present the generalized power function form of 

the statistical cost equation, which is: 

II 

C=f1(X1·····:r) =00 n .",;i 
i= 1 

%.>0 , 
4-1 

C is the symbol for costs. If equation 4-1 is log transformed, and represents 

only one xj(the independent variable) the natural logarithm of elo is the y 

intercept, and el, is the slope of the equation. 

Equation 4-1 can be expanded to include as many terms as necessary, 

including all of the major variables that have a statistical impact on the result. 

In many cases, flow, Q, is the only significant variable, leading to the 

following general cost equation: 
4-2 

C=aQ11 

where (l and 6 are parameters of equation 4-2. el is the y-intercept, and B is 

the slope of the log-transform of Equation 4-2. 

A frequent representation for pumping systems is to include head, H, 

as a variable, which becomes: 

111 11" C=aQ H-
4-3 

where el, 6" 62 are parameters of equation 4-3. Representing cost as a 

function of the diameter of pipe result~ in a similar equation: 

C=aD·3 
4-4 

The use of these equations not only standardizes the cost estimating 

procedure, but, by separating out the component costs of each treatment 

system, achieves greater accuracy, and allows for separate updating, and 
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conversion to local figures. This was the approach used in collecting and 

updating the cost equations found in the literature, and tabulated in Table 4-

2. These costs were selected from the various references indicated. In some 

cases, sample cost data were available; in others, only the graphical 

representation. In a few cases the equations were given, but few C?f the 

studies gave the statistical information needed to ascertain the accuracy of 

the relationship(s). They are all in one time base, January 1983, and all 

localized for the West Palm Beach, Fla. area. Using these equations, it is 

possible to evaluate the most of the expected capital, operating, and 

maintenance costs of a designed wastewater reuse system numerically. 

Table 4-3 illustrates the costs updating factors that were used in order 

to bring all of the collected cost data to one time base, January, 1983. The 

data in Table 4-3, under the respective source, represents the denominator of 

the cost updating factor, the final column (Jan., 1983) represents the 

numerator. The costs were updated and transformed from the national norm 

to the area of West Palm Beach, Fla., by the indices listed in Tables 4-4. The 

cost equations were then multiplied by the indices found in Table 4-4 to 

localize the national average estimates. 
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TABLE 4-2: EQUATIONS USED TO ESTIMATE CAPITAL, OPERATING, AND 
MAINTENANCE COSTS OF WASTEWATER REUSE FACILITIES 

FACILITY EQUAnON(S) 

~rlvity filter (Gutherman II!!.) 
onstruction: 

•• cav.t10n 
equ.pment 
concrete 
stul 
I.bar 
p.pe 
electroco.1 
hous.ng 
contlngenc.es 

18000'59901 
289000.69806 
135000.56330 
80000.55305 
379000.59019 
95000.73684 
178000.54705 
154000·n921 
256000.66069 

~r •• ity mter O&M: 
energy 24000 86331 
materoals 8600.72147 
labor 10000.53384 

""'edia. Cual fit: (G"therman et 01 ) 
matena:s ~OO·SOr.r 

~ICkwUft fit cllnn. peak flow rates. 
typical flctllr,. 5:(Gutnerm.n et .1 ) 

eau'o"'ent 24000·78oa:r -
lacor 1 0000 ~6ol32 
p.oe 45000'~J21 , 
elee,.,"'1 83000.31159 
(IInt,ngenCles 20000 55613 

~ackwuh fil OaM: 
laoor 2500. 13405 
ene'9Y 2000 1 00043 
ma.n: 3800 . .:0610 

~urface washing Cllnn: 
~~,~ 86000.72415 
laoor 10000.73539 
p.ce 28000.3751 " 
"@o;':"ca' 14000037436 
cont.:-.;e"'c:eos 3700Q·59jS~ 

urface · ... uhin9 O&M: 
:oeo:' aoo·~68;:6 
.n";i 1300 ~73S6 
""":!"'"C. 2000 :0830 

5to,.C)e < ~CMGO. J Gay detention 
tim. re~"'red (DER):.~e-e0!l.!!) 

con", wecn 170000 : •• '1 
l.n'"9 :60000· 7750 
.",:.~c"'.~t Z 17000.:on 

O&M: 
!.ocr 
!'ftate""'·' 

~O·5000 MGO: 

HOo·l3;:! 
2000 SuE8 

,on~_C:.~n '27000 i220 
;ml~; 223000 .a9~ 
em:,,,:- •• t l5;olvO·':2~ 

FACILITY EQUAnON(S) 

O&M:(Reed et al.) 
labor -- 6400.36974 
materials 1000.8853 

Chlorination:(Reed et al.) 
C.pital 6i'i000·6316 

.•. O&M: 
Chlorine 
matenals 
I.bor 

22500 
18000.5322 
45000.077 

Submersible pumps.(Gutherman et al.) 
TOH.50ft: --
C.pital: 

.xcaw.tlon 
gpm 

eculoment 
9pm 

concrete 
9pm 

laoor 
gpm 

p.oe 
gpm 

electocal 
9pm 

contingenCies 
9pm 

O&M: 
ene'gy 

9::m 
laDor 
9~m 

""a.ntenl.nce 
gpm 

17000·2017S 
4500'2017S 
187000.29266 
22500.29266 
1500Q·51187 
500 .• 1187 
35000.12519 
15000.12519 
23000 '5965 
8000 1536 
9700. 12390 
4300. 12390 
47000.23968 
9800.23968 

4800Q 1.0024 
10 Lu024 
14000·Z3405 
3200.23405 
1500·~79'Jl 
20027991 

Centrifuga' pumps:(Gutnerman !! !!.) 
C.pital: 

tau-Ioment 
9=m 

laoor 
gpm 

plC.ts .'It val •• s 
gpm 

.!e~rlcal 

g~m 

cantlng.!'!cl" 
gpm 

O&M: 
.r.."qy 

;pm 
!a=or 
';:m 

~.JI,.t.!'t."ce 

;::m 

1100·78152H·69114 
20·78152H.69174 
7000·6a914~ .• 2625 
80·c8914H.22625 
41000"5655 
290.75655 
2800 30860 ~.531 09 
o aOB60~.S3109 
2700' 77240~ ~164 
20·7724()H·~I64 

290H 
0.1J40~ 
33000.3044] 
~ ZOO·SoloW3 
3000 ~5775 
o <l5775 
: 600.35 i 94~. 73788 
0) 60 as: 9olH·731S8 

FAOLITY EQUAnON(S) 

Turbine Pumps:(Gutherman II !!.) 
C.pital: 

equipment 
9pm 

labor 
9pm 

p.pes , val.es 
gpm 

eh!ctnell 
9pm 

contingenCIes 
9pm 

O&M: 
energy 

gpm 
maintenance 

9pm 
labor 

gpm 

4OO01.02044!o;.35905 
0.501.02044H·35905 
3400.82443 
20.82443 
5800042875 
3500.42875 

Pipeline Costs 
PVC pipe (diameter < 12 inches): 
C.pital costs only (O&M estimated at 
.5~. of capit.l CIISts. ye.rtv):(Oocge. 1983) 

labor .260·~;a7l 
matenals .1201. 7832l 

DuCtile iron pipe 
(Grameter :> 12 inches):{Oodge. 1983) 

I.bar .320·a8832l 
mater'als .2701 S549l 
equIpment 290·a8982l 

On-tite r.plumbing cons:(OUloC. 1982) 
tOtal 751000 

Service cCHln,Clion cons::OUloC. :982: 
:ata' 1250 39204 

Ocun outfalls (fOt comparison): 
C.pita' costs only (O&M IStimateG at 

2", of clpital)::Cam&soiMoore.1978) 
~umDS 6600 1 .6 
~ID" :5000131 
al Huser 700QU 91 

Ev.poratioftiPercololtion ponGs:;~.ec e~ iI'.) 
OaMonly: --

,.bor .20000 6092 
"'ate"als ;:S000·5333 

SYMBOLS USED 
'/AR1Aa~E ~ARAMETER UNI'!'S 

Q !low l'tIt;o. or;Q~ 
H !'I •• a 'let of Water , :enqt" ',ne.a,':,!'': 
0 .,I.ml!!e!' "C"':lfS 
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TABLE 4-3: COST UPDATING FACTORS 

INDEX VALUES 

CATEGORY SOURCE 

I 
Rftd D&M I Gum. OLAe I Dodge Jan., 
1973 "7! lHO 1982 1911 1911 

Construction- I I I capital: 

excavation Bureau of Land. 0.36 0.49 1.03 NA 1.44 I." 
Reclamation (BLR) 

equipment Bureau of Labor 124.3 198.3 221.3 303.3 30B.l 308.1 
Statistics (BLS) 
General purpose 
machinery, code 114 

labor Engineering News 848 110.5 247 NA 350.03 350.03 
Record wage index 
(ENR), skilled labor 

pipes & valves BLS valves & fittings, 
code 1013 

132.7 22u 236.4 NA 325.1 323.1 

eiec-tric-aI BLS electrical & '11.0 ,,~.o 167.5 NA 234.5 Z345 
instrumentation, code 
117 

concrete BLS concrete 1:!8.9 1899 221.1 NA 1.53 1.53 

contingencies ENR construction cost 
index 

92.6 125.81 265.38 NA 3698 16'J 8 

total ENR builders cost index 55.8 72.4 1 25476 NA 1 34235 !4235 

Operation and 
I I I I Maintenance: 

energy electric rates 0.03 003 1 0.03 NAI 06 06 

labor ENR skilled labor or 
84 81 

110; 2471 NAI 
35003 35003 

wage rate (14 1) (; 4 ~l 

maintenance Producers Price Index : 21 Z 1 !;Ul 199.71 NA I 2839 ZSH 

materials ENR materials index or 
382

1 
SHI ul NAI lAO 3 3.:0 3 

price quote 

total Producers Prtce !nde~ .:~ l i .- 3 I , 997 1 ... ~ I 2839 :92 ~ 
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Estimates of Cost Impacts 

In this subsection estimates of the cost impacts for each of the ten 

categories in Table 4-1 are presented and discussed. These cost impacts result 

from the application of the cost relationships presented in the previous 

subsection and from other data which are presented below. The 

relationships between the costs and the size, length covered, type of 

alternative discharge, and other relevant variables are presented so the 

reader can become familiar with the size and sensitivity of each of the cost

impact categories. 

TABLE 4-4: COST LOCALITY FACTORS (West Palm Beach, Fla.)* 

CATEGORY 

Capital: 
equipment 
labor 
pipes & valves 
electrical 
contingencies 

Operation and Maintenance: 
energy 
labor 
maintenance & materials 

INDEX VALUE 

1.001 
0.711 
0.963 
0.963 
0.942 

none 
0.711 
0.781 

"'"Computed from Engineering News Record construction costindexes for 
differing metropolitan areas. 
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Tertiary Filtration: In order to meet the requirement of the Florida 

DER that the total suspended solids (TSS) concentration be less than 5 mg/I 

before application to land, some type of "tertiary" treatment (beyond 

secondary treatment) is required. Many different treatment methods are 

possible, but the most common are tertiary filtration or alum coagulation. 

Tertiary filtration consists mainly of the physical treatment of adsorption on 

some type of filter media; usually coal, gravel, or sand. Some biological 

breakdown within the media also occurs. Alum coagulation uses a 

'chemical/physical process in which alum slowly coalesces with the' suspended 

particles, causing their weight to increase, and settling to occur (Diversified 

Utilities, 1979). The capital costs for tertiary filtration are larger, whereas the 

operating and maintenance costs for alum coagulation are larger (due to 

higher chemical costs). However, due to the reliability and regulatory 

acceptability of tertiary filtration, it was chosen as the design treatment 

process. 

The major construction components, (and modifications of the cost) 

involved with tertiary filtration are: 

1. gravity filter, 

2. filtration media, 

3. backwash pumping, and 

4. surface washing. 
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The gravity filter cost represents the actual construction of the filter. 
~ . 

The filtration media is the cost of the sand, gravel or coal medium, to be 

installed within the filter. Backwash pumping facilities are needed in order 

to help clean the filter by reversing the flow during the backwash cycle. 

Surface washing keeps the surface of the filter clean and free of debris. 

The major operating and maintenance cost components of these 

processes are: energy, labor, and maintenance (on materials), under each of 

the components listed above except for the filtration media. 

All of the equations for these costs are listed in Table 4-2 (as taken 

from Gutherman E!t !t. (1979). Each component was broken into 

subcomponents to allow for separate updating of all types of costs involved 

to January 1983, and multiplied by the local factors. 

The cost of tertiary filtration represents a good example of economies 

of scale, as most of the exponents of the cost equations are less than 1.0. 

Construction costs dominated operating costs. In the study, with the given 

applicable design in Palm Beach county, the ratio of tertiary filtration costs to 

total secondary treatment costs ranged from 60-90%, indicating that the 

tertiary filtration process constitutes a major fraction of the treatment costs 

(not including transportation costs). Figure 4-1 shows the total treatment 

costs for the designed wastewater reuse facilities as they vary with acreage. 

This figure includes tertiary filtration, chlorination, and storage, but the 

dominant portion of the costs is that of tertiary filtration. 



1000 

COSTS 
$/yr X 1000 

100 

51 

.... ,.,,, .... """':""::'" .... : I.·:····:' .... , ..... :.:1:":' ).:.::::. ':. ;.:.,,: ....... ··f:··:· ·t ........... 'tfI"" 

:'::::'" ':::':::':":;':::.:.: .. ::~:: : .. t·:: ... · " .. :.. ':'.':::: ::::·:\}.Y}.::::<:· I::,:.:.:. :':··l:·":· "'~': >:"':'~"" . 
:,="::=,,,.,.,:::.>:.::.::::)~.=::::: ::.A:·:· '.': ". ::':. '.: '.1:::::::""::::::' .:'::::":::::+:'.:.':' i:'1 '.:, . ., .. ~ '::'.' :';" :.:.: 

.:::::::::,.::;<.. : i::: ::::-t: :,::::::( :: :::\:{:::::::::::,:::;",::::,:::::: i:j:\=:::i>i[ r/I:::: ~ u:/\}: :' .:: 

::~hf:++~A Hf.:lf:i: :3::+ )4; .::f. :;: :t : :::rr:+rf.h;::;ri,+7 ~"..i7 +-;:,h .. ' .. 
:1.J77+:;;:;· E;·i7:tt1.G ::117 i7:~~t: ~:F ;;: ::: !J::~';:;'r'?~ ~:;t ~:1:i .. ::;!; ;'.;:: E··: 
~:~.f:~h·J::c i'~:i2:; ~'1~' ':':1~ !~~:: !:!f! .'::' ;; :::. ~?;:: H~iT;7:~:i: :.:1~ ~:~I :~ > ~ :: 

;]lii~:fll~;lii 1"I~tJi~tJ ~{:fi ... 
.'. ,::". : -Lr'. ' .. 1" .. : W '.: ..... : .. :.: ·::'1:::.·::." 'F::' I:·' t·· .";" 

~ ..... : .. ,I'. ::.:t.: ... .. :::.' : ..... ,,::.:::. t.·:·.:.:.::.. ·l,,:. . I 

·-~~·~f+? :t~i:77ti~ :·i~ .~: l:-:~. :7+·7=;f:~+~:'i:~· d; : i- ~- "" 
. ' .. ' :.:.: ;:::.:.:: :> .. ; .•. : .:: r··:: __ .'.: c.·._ ~ .. ' ... ' :~:"'.'>'._. ::.r.:·.: .. ~.: _ ........ L~.·:.J:._. ~'-..!:_ ~1- '-~ 
.: -:'7;-.:".,: .. ;-.:'~~ ~. '-,. ~.: ....... '.:-:: T.: ::;: .. :~., .... -.. :: ... ' ......... : - ,.. . ,-, r. ..,.. :~ . : ,. . ... :. t: • " :::: ::.::.::::f:. :':,.':.:<::': .: r: ! .. ' 

100 200 500 1000 5000 

AREA IN ACRES 

FIGURE 4-1: ANNUALIZED TREATMENT COSTS AS A FUNCTION OF 
THE AMOUNT OF IRRIGATED AREA (Jan., 1983, P. B.Co., Fla.) 

A further, more detailed itemization of the capital, operating, and 

maintenance costs is shown following (equations from Table 4-2), with a total 

flow of 2.99 MGD: 
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Gravity filter (Gutherman et ~.) 
construction: 

excavation 
equipment 
concrete 
steel 
labor 
pipe 
electrical 
housing 
contingencies 

Total 

18000.59901 
28900Q·69806 
13500Q·56330 
8000Q·55305 
378000.59019 
95000.73684 
178000.54705 
154000.77921 
256000.66069 

Media, Dual fil.: (Gutherman et al.) 
materials 65000.80912 

Total 
Backwash fil. const, peak flow rates, 
typical factor = 5:(Gutherman et al.) 

equipment 24000.78004 
labor 10000.46432 
pipe 45000.48321 
electrical 83000.31159 
contingencies 20000.55613 

Total 

Surface washing const: 
equip 
labor 
pipe 
electrical 
contingencies 

Total 
Total Capital Costs 

86000.72415 
10000. 73539 
28000.57514 
141000.37436 
37000.59754 

320669.31$ 

68464.51$ 

15714.49$ 

55178.14$ 
430208.45$ 



Gravity filter O&M: 
energy 
materials 
labor 

Total 

Backwash fil. O&M: 
labor 
energy 
maint 

Total 

Surface washing O&M: 
labor 
energy 
maintenance 

Total 

53 

24000.86331 
8600.72147 
10000.53384. 

2600.13405 
200.4201.00043 
3800.40610 

800.46826 
1300.97356 
2100.20830 

Total Operating and Maintenance Costs 

Total Costs, Amortized (i == 10%) 

Total Costs, unit charge 

37665.82$/yr. 

8063.22$/yr. 

6481.22$/yr. 
13753.21 $/yr. 

67501.29$/yr. 

.061 ¢/1000 
gallons 

Additional Chlorination: To meet the DER requirement of no 

detectable fecal coliforms in the effluent, further chlorination (beyond that 

already done after secondary treatment) is required. This is to insure that no 

contamination will result from spraying public areas with the effluent. 

The cost equations used are from Reed et~. (1980) and can be seen in 

Table 4-2. The main capital cost is construction and purchase of equipment; 

the main operating and maintenance costs are chlorine, materials, and labor. 

All of these relationships show economies ·of scale as can be seen from the 

cost equation. Following is an example of costs estimated from equations in 

Table 4-2 for a 2.99 MGD reuse chlorination unit: 
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Chlorination :(Reed et al.) 
Capital -- 611000.6316 

Total Capital costs 

... O&M: 
Chlorine 22500 
materials 18000.5322 
labor 45000.077 

Total Operating and Maintenance costs 

Total costs, Amortized (i = 10%) 

Total costs, unit charge 

122153.20$ 

14819.14$/yr. 

30879.11 $/yr. 

0.029¢/1000 
gallons 

Storage Facilities: Storage facilities were designed to meet the three 

day minimum requirement for wastewater of the DER. It is assumed that at 

most sites more storage is available,(because of hydraulic requirements), and 

since a backup disposal method is required, further storage capabilities 

beyond the minimum would be redundant. 

The equations used were taken from Reed et ~. (1979) and can be 

seen in Table 4-2. Using the three day detention time requirement they were 

converted to flow from a volume variable. Total design flows less than 10 

mgd are costed by a different set of equations than those greater than 10 

mgd. The major cost components of the capital costs were: construction, 

lining (PVC), and embankment. Land costs were included as part of the 

construction costs when the survey was taken. The major operating costs 

were labor and materials. The storage facility is a simple excavated reservoir, 

with the exception of the addition of PVC lining to conserve the treated 

water (once money is spent treating the water to advanced secondary 

standards, it would not be cost- effective to let it seep into the ground). The 

storage facilities must be located at the treatment site, not only to save 



55 

money, but because DER will not allow storage of possibly substandard 

quality effluent in golf course lakes (it would be impossible to route it back to 

the treatment facility). However, the lake can be used as backup storage of 

good quality effluent. 

The costs for storage facilities of a wastewater reuse system have 

good economies of scale of volume, and can be represented as a function of 

flow only if a 3 day required detention time is assumed. As shown in'Table 4-

2, the exponents of the cost equations are all much less than 1.0. The 

equations from Table 4-2 were used to evaluate costs for storage facilities 

(both construction and operation and maintenance costs) for the needed 

storage facilities in the following chapter. By evaluating a few of the cases, it 

can be seen that the cost of storage facilities is a minor fraction of the total 

treatment costs. Because of this, it can be concluded that the storage costs 

are a minor component of the overall costs of a wastewater reuse system. 

However, they will be included in the analysis. Itemized estimates of costs of 

storage facilities can be seen following for a 2.99 MGD facility: 

• 
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Storage < i OM GO, 3 day detention 
time required (OER) :(Reed et al) 

construction 169000.5884 
lining 259000.7750 
embankment 217000.4072 

Total Capital costs 

O&M: 
labor 
materials 

5500.3328 
2000.5068 

Total Operating and Maintenance costs 

Total costs, Amortized (i = 10%) 

Total costs, unit charge 

126974.44$ 

1143.02$/yr. 

14998.07$/yr. 

0.0 14¢/1 000 
gallons 

Transporting Water to the User: Piping costs are the most difficult to 

evaluate, as the pipe cost varies linearly with distance, non-linearly with 

diameter, which, in turn is non-linearly related to the flow of the user. The 

equations used in the study are tabulated in Table 4-2, as functions of labor, 

materials, and equipment (to be added together). Other factors impacting 

these costs are the efficiency and head of the pumps selected, the static head 

of the system, the. age of the pipe, etc. There is also an inherent tradeoff 

between pumping costs and pipeline costs {i.e., the larger the pipe, the lower 

the pumping costs, and vice versa}. An optimization analysis was performed 

to select diameters of the respective planned pipelines with a minimum of 

given information (mainly the user's flow). This is presented in the following 

section. The costs to the user of pipelines varies quite substantially due to 

groupings of users flow, and length of the pipeline. Figure 4-2 gives 

examples of annualized costs for selected pipeline cases, taken from the 

design data. It shows the non-linear nature of this variable in both flow and 

distance. The pipeline construction cost was ·found to be the largest 
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component of the total pipeline costs within the range selected in the 

design. Following is an itemization of typical costs calculated from equations 

in Table 4-2, for a 1.36 MGD demand, 2 pipes, each of diameter 8 inches, one 

6200 feet in length, and the other 1220 feet in length: 

Centrifugal pumps:(Gutherman et!t.} 
Capital: 

equipment 
gpm 

labor 
gpm 

pipes & valves 
gpm 

electrical 
gpm 

contingencies 
gpm 

Total Capital costs 

O&M: 
energy 

gpm 
labor 

gpm 
maintenance 

gpm 

310.110·78152H.69174 
1.870·78152H·69174 
704.470·68914H.22625 
7.750·68914H.22625 
4109.390.75655 
29.100. 75655 
276.590·80860H.53109 
1.390·80860H.53109 
274.540. 77240 H·48164 
1.750·77240H.48164 

29.970H 
0.040H 
3379.270.50443 
124.570.50443 
297.680.85775 
, .090.85775 

Total Operating and Maintenance costs 
Pipeline Costs 
PVC pipe (diameter < 12 inches): 
Capital costs only:(Dodge, 1983) 

labor .2580D·2587L 
materials .1205Dl.7832L 

Total Capital costs 

Total Operating and Maintenance costs 
estimated at .5% of capital costs, yearly) 

Total costs, Amortized (i = 10%) 

Total costs, unit charge 

46790.11$ 

16256.40$/yr. 

49669.18$ 

198.68$/yr. 

29034.94$/yr. 

0.059cz/1000 
gallons 
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DISTANCE IN FT. 
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Alternative Effluent Disposal: The DER requires an alternative 

disposal method for a reuse system, so no savings can be expected from 

capital costs. It is assumed, however, that operating costs can be saved by not 

utilizing the alternative disposal method. These, however, are only a fraction 

of the capital costs (as mentioned before). 

TABLE 4-5: OPERATING COSTS OF DISPOSAL METHODS 

REGION/SUBREGION TREATMENT DISPOSAL CAPACITY COST 
PLANT SYSTEM MGD (/10009 

ENCON ENCON regional perc. pond 4.0 5 

Central/North Central Anchorage Drive intracoastal 4.85 0 
outfall 

. Seacoast (main) perc. pond 3.6 4 
Cabana Colony perc. pond 0.35 10 

Central/East Central East Central Reg. Deep well inj. 40.0 3 

Central/Royal Pal m Royal Palm Beach perc. pond 1.1 7 

Central/Acme Acme perc. pond 1.5 6 

South Central S.C. #1 perc. pond 1.5 9 
S.C. #2 perc. pond 2.5 4 
Village of Golf perc. pond 0.5 9 
S.C. Regional ocean outfall 12.0 0 

Southern Glades Road ocean outfall 10.0 0 
S.R. #1 perc. pond 0.5 9 

S.R. #2 perc. pond 3.72 4 

These cost savings to the supplier vary with the type of disposal, but 

the type, and operating and maintenance costs for each are listed in Table 4-5 

for each treatment plant in the eastern Palm Beach County area. Three types 

of disposal are currently practiced in the SFWMD, i.e., deep well injection, 

percolation/evaporation ponds, and ocean outfalls. Those facilities utilizing 

ocean outfalls have very low operating costs, so their savings are assumed to 

be negligible. Within Palm Beach county, only one facility currently uses 
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deep- well injection to dispose of its wastewater (East Central Regional); and 

one is contemplating it (ENCON). The costs for this option depend on the 

number and size of the wells, as well as the flow. Robinson (1981) estimated 

costs for various deep-wells in assessing the cost effectiveness of the different 

treatment options within the ENCON region. These costs were used in 

assessing the East Central Region's alternative disposal savings. The 

operating costs for the evaporation/percolation pond can be found in Table 

4-2 (from Reed, et !to ,1979). All of these costs show economies of scale of 

flow, and represent significant savings in some cases, except for the case of 

outfall dischargers, as the costs are too low in comparison with the other 

alternatives. Examples of these costs can be found in Table 4-5, which 

estimates the operating costs for different treatment plants and disposal 

systems in eastern Palm Beach county. 

Present Water Supply Source: These cost savings to the user were 

estimated by permit information (what type of facilities exists at the permit 

site, and type of pumps or wells therein), cost equations from Table 4-2 ~nd 

commercial water rates for the service area of the potential user (ACT 

Systems, 1980, or local water rate structures). For those potential users, now 

possessing a SFWMD permit, it was estimated that the operating cost (since 
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capital cost is already spent, no savings from it results) of these various 

systems is about .05 $/1000 gallons, based on average flow rates and 

operation and maintenance cost equations for the type of pump in operation 

at the respective sites. Those sites that currently use potable water are paying 

very high commercial rates -- as much as 1.83 $/1000 gallons. With this 

variability, it is felt that these costs will dominate in certain situations -- i.e. 

when the user is on a potable water system. 

Separating Wastewater and Stormwater: With regard to wastewater 
. . 

reuse, the District's regulatory staff has required that the following criteria be 

met by surface water management systems when wastewater is involved: 

1. Effluent shall be discharged into isolated lakes which have storage 
capacity for the effluent (3 day volume minimum) plus the 
contributing area runoff volume for a 3 day125 year rainfall event, 
prior to overflow into the stormwater system. 

2. Effluent may only be discharged into any portion of the stormwater 
system if a water quality monitoring program gives positive 
assurances that water quality degradation will not result and that 
State water quality standards can be met. A continuous monitoring 
program would be a requirement if such discharge were permitted, 
and continuation of the discharge would be contingent on 
satisfactory monitoring results (Rogers, 1982). 

In view of the complementary requirements of the DER, and the 

decision to store the water on the supplier's site, the impact of this 

requirement is viewed to be negligible. 
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. 
Fertilizer Requirements: The wastewater applied to the irrigation 

sites will probably contain more nutrients than the present water supply 

source for that site. The user may then be able to apply less fertilizer at the 

site, and save money. These savings could amount to as much as 20% of the 

present fertilizer cost of the site (Augustine, 1983), a substantial amount at 

those sites which utilize large quantities of fertilizer. However, the city of St. 

Petersburg found that there were additional fertilizer costs because 

wastewater utilization resulted in higher application rates which results in 

nutrient leaching (Suddath, 1983). Due to the large variation in fertilizer use 

within the SFWMD, the question of leaching, and the lack of information as 

to the nutrient value of the wastewater, quantification of this benefit or cost 

is notpossible, so a net value of 0Q:/1 000 gallons was used. 

Water Shortaqe Imeacts: As mentioned, one of the beneficial aspects 

of wastewater reuse is the exemption by the District of such use during a 

water shortage period. The District, in exempting reused wastewater from 

the various levels of irrigation restriction, placed a value upon the technique 

.since reusers are not, in any way, taxing the freshwater resource, especially 

during periods of drought. In return for that action and in response to the 

reusers' assistance in helping to recharge the aquifer system, the exemption 

was promulgated. 
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Aside from the security of being able to always use water (and this, in 

fact, may be in doubt), the impact of this category due to wastewater reuse 

cannot be estimated. Since no large user has ever been completely cut off in 

South Florida, even during the recent extreme drought, and data regarding 

this impact is non-existent, the value of this impact was not quantified. 

Regional Water Supply Costs: From a regional water supply 

perspective, the interest in wastewater reuse arises from a perception that 

this supply alternative could help mitigate problems with the present or 

prospective inadequacy of local surface and groundwater supplies. In this 

view, wastewater reuse can be substituted for other changes to the regional 

water supply system which would bring equivalent improvements. The 

impact on the regional water supply system can thus be measured in terms of 

the costs of these alternative improvements that can be avoided because of 

the wastewater reuse. The appropriate alternative cost to use would be that 

which is the least cost alternative for each basin under investigation. 

Analyses completed by the SFWMD can shed some light on these 

costs. They are presented in Table 4-6 showing the estimated capital plus 

operating costs in dollars per thousand gallons of additional supplies made 

available during a drought period. These measures do not exhaust the 

potential cost effective alternatives especially as might be applicable in 

specific locations. They do, however, present a relevant group for 

comparative purposes. In considering the water supply value of wastewater 
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reuse, it should first be noted that some conservation measures can actually 

save money. For instance, District calculations indicate that programs for 

installing indoor water conservation devices such as recently undertaken by 

the City of Orlando can be expected to save more in water heating and water 

and sewer treatment costs than they would cost to implement. Second, in 

areas where additional water can be stored in or distributed through existing 

regional supply facilities the alternative supply costs are likely to be very low 

as is indicated by the water supply backpumping and Holeyland Storage Area 

costs. In other areas the remaining choices are more limited but would 

include deep well storage and retrieval, desalination and transporting ,water 

from areas of adequate supply such as the inland portions of coastal counties. 

The costs of deep well storage have been presented because of their 

potential applicability in both the Lower West Coast and Upper East Coast 

planning areas. 

The costs per thousand gal/ons presented in Table 4-6 are not directly 

comparable to the wastewater reuse costs. This i"s because the former refer to 

additional water supplied during a dry period. Wastewater reuse would only 

add to regional supply capabilities when the basin is not discharging water 

that leaves the system. For example, during wet periods when coastal canals 
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are discharging, wastewater reuse would only contribute to runoff and 

would not increase water supply capabilities. However, once the coastal 

discharge stop, wastewater reuse would mean' additional water in the coastal 

basin. For purposes of this study it has been assumed that discharges leaving 

the system cease for a period of four months during dry periods. Thus the 

costs in Table 4-6 will be multiplied by .33 (1 year + 4 months) to account for 

the regional water supply benefits of wastewater reuse on the basis of the 

wastewater used through the full year. 



TABLE 4-6: COSTS FOR SELECTED ALTERNATIVE WATER SUPPLY MEASURES IN 
SOUTH FLORIDA 

Cost of Additional Areas Where 
Dry Season Supply Applicability SFWMD 

Measure $/1000 Gallons Has Been Studied Source Reference 

Retrofit of Indoor Negative Urban Areas An Anal~sis of Water 
Water Fixtures SUQQI~ BackQumQing 

for 
the lower East Coast 
Planning Area 

Water Supply $.008 to $.018 Coastal Dade, Same as above 
Backpumpmg Broward & Palm 

Beach Counties 

Holeyland $.021 lake Okeechobee Water ~ualit~ Manage-
Storage Area and lower East ment P an for the S-2 

Coast Basins and S-3Draina~e Basins 
in the Evergla es 
Agricultural Area 

Cyclic Storage in $.13 to $.35 Upper East Coast, Advanced Water SUQQI~ 
Confined Aquifers Lower West Coast Alternatives for the 

UQQer East Coast Plan-
ning Area·and Water 
Use and SUQQI~ 
DeveloQment plan, 
Volume III C. 

en 
0'1 
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Pipeline Optimization 

In the construction of any pipeline system, there is an inherent 

tradeoff between pipeline construction cost, which increases with the 

diameter of the pipe, and pumping plant operating costs (notably e.nergy 

costs), which, in a given flow range, decreases with an increase in the 

diameter of the pipeline. Deb (1978) performed an optimization analysis 

which, given the cost equations for the various component costs of a pipeline, 

selected the optimum diameter which minimized total costs. In order to 

include more recent statistical data, which break down each of the 

component costs into subareas (e.g., pipeline construction can be broken into 

excavation, labor, materials, and other related costs); and to enable the costs 

to be updated separately with their own respective indices (which increases 

the accuracy of the indexing procedure); Deb's procedure has be~n modified 

as detailed below. 

The capital costs for laying any type of pipe can be represented by the 

following equation: 

"1 
"" '" 1 . Y 1 = L k ljD .L L 

4-5 

i= 1 

where D is the diameter of the pipe in inches, L is the length of the pipe in 

feet, the m's and k's are derived factors from cost data, n T represents the 

number of terms in the equations selected, and Yl is in total S. 

• 
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Annual operation and maintenance costs of a pipeline can be 

estimated as .5% of the capital costs (Orange and Los Angeles Counties, 

1982). Also, engineering, legal and contingency fees can be estimated at 

2'5% of the construction cost, and the capital costs can be annualized by 

multiplying the above formula by the Capital Recovery Factor, R, computed 

from the following equation (i is the interest rate, and N is the life of the 

e.quipment): 

i(l + i)N 
R=--

(1+i)s-l 

4-6 

The total costs of laying a pipeline can then be brought together, 

under one time base, resulting in the following equation: 

4-7 

i= 1 

Where R 1.i is the capital recovery factor for pipeline component, i (Y, 

is in units of $ per year), 

The capital costs of centrifugal pumps can be broken into 

components, also, and summed to obtain a function of the total costs for 

pumping facilities. The capital cost of pumping facilities, in total 5, can be 

represented as: 

4-8 
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where H is the total dynamic head in feet, and Q is the flow in mgd, and Y2 is 

in units of total $. 

Operation and maintenance costs for pumping facilities can be 

represented similarly, but the summation will be broken out to allow of unit 

charges for labor and/or electricity to be entered: 

_ 1114,2 1114•3 
Y3- Ek'J.IQH + Ik'J,2Q + k3,'JQ 

4-9 

where £ is in $/kilowatt-hours, and I is in $/hour, skilled labor, and Y3 is in units 

of $ per year. 

Combining equations 4-7,4-8, and 4-9 yields the total cost, z,: 

~l n2 

z=~' kl D1111.iLn.25Rl· + .005) +1.25" k"R 2 H
1112.i Q'"3.i + _ .I ,I __ _.I .I 

i=l i=l 

4-10 
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substituting for H, (since H = Hs + Hf; and Hf= LQPI{.0955CPOQ) from Deb 

(1978), with the total z in units of $ per year: 

LQP m m 
Ek Q H + + lk Q 4.2 + k Q 4.3 

3,1 ".0955CPDQ 3,2 3,3 

nt., . 
..,1 

+ 

4-11 

To find the optimal diameter, the derivative of the above function, 

with respect to D, must be take and the result set equal to zero, below: 

fl1 fl2 
d- m -1 ~ trl 1 ·-1 
~ " 11"\ L - =. t.25LR l .k 1 .m1 .D· +, .005Lk l .m1 .D . 

dD- .L.L.: - .L,l 
i = 1 i= 1 

P P }m3,i- 1 qEk Qp".IL qLQ f \~ Qm3.i LQ __ 3_.1 __ 

1 R.~ ,k'). m J . 
.0955CPDQ+ 1 '-:-1 -.. ~ .: .0955CPDQ .0955CPD.:{+ 1 

4-12 

= 0 

Assuming the third term is small, as in Deb (1978) we obtain the following 

equation; 

dz 
fli fl2 
"\ . mi.: -1, m . - 1 
.' 1.25R I .m1 .k 1 D + £- 005h m .D I.: 
- .:.'.L 1., 1.: 
i= 1 := 1 

dD 

Substituting January,1983 cost data, from equation in Table 4-2, for 

PVC pipe and ductile iron pipe (greater than 12 inches in diameter) we 

obtain: 
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for ductile iron pipe: 

d 4-14 -=- = .04382D-·11168 + .06254D·5549 + .03924D-·l1018 _ .00029Q2.85D-s.86 = 0 
dD 

for PVC pipe: 

dz = .OlOlD-.7413 + .03265D.7832 _ .000207Q2.85D -5.86 = 0 
dD 

4-15 

To solve this equation for the minimum diameter, the Newton

Raphson method of finding roots to an equation was used. This requires the 

second derivative for the above equations, which are as follows: 

for ductile iron pipe: 

2 

d z = _.00489D-1.11168 + .03470D-..l451 _ .00432D-l.l 1018 + 
dD2 

+ .001699Qt.S5D-6.86 = 0 

for PVC pipe: 

2 dz 
_ .007 49D -1.7413 + .02557 D -.2168 + .00 1213Q2.85D-6.S6 = 0 

4-16 

4-17 
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Newton"s method is then employed using the following iterative scheme: 

dY 
-(D ) 
dD n-l 

4-18 

D =D -
!I !I-I d2y 

iterating untill IDn-Dn-11 < .01. 

-(D ) 
dD2 !I-1 

A FORTRAN subroutine was written that computes the size of'the 

optimal diameter of a pipeline, based on the flow (area and application rate) 

through the pipe. This program is included in the appendix (B), and was 

revised to become a FORTRAN subroutine of a main costing program. As a 
--- -- -- -- --- - ---- - - - -- --- --- --- - - -

check, to see that there is only one true optimum in the range of diameter 

used, both the cost equations and the derivatives were plotted for diameters 

from 1 to SO inches in diameter; and separate for each area. These curves can . 
be found in figures 8-1 and B-2. They are separated into first and second 

cases for resolution purposes only. In figures B-3 and B-4, the cost equations, 

although somewhat jagged, appear to have only one minimum in the stated 

range. In figures B-1 and B-2, the first derivative approaches zero, or crosses 

zero at only one point in the stated range. 
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Each unit represents one representational unit In total costS (both cacltal 

and operating costs). The core IS the shaded area--thls IS the region In 

which all constraints Imcosed by the memoers are satisfied. The 

geogracnlc center of this area 15 the MCRS Solutions on the right 

MeRS Solution: 

(X) (10/7. 16J7.23n) 

SeRB Solution: 

(~)(11/8. 1718.7/2) 

FIGURE 4-4: GRAPHICAL REPRESENTATION OF A 3 MEMBER COST GAME 
USING ISOMETRIC GRAPH PAPER (Heaney and Dickinson, 1982) 
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For a three member group, these conditions can be represented 

. graphically on isometric graph paper, and appear in Figure 4-4 (from Heaney 

and Dickinson, 1982). The shaded region in the center of the triangle 

represents th,e region in which all constraints imposed by the equity 

conditions are satisfied. The center of the core represents the Minimum Cost, 

Remaining Savings (MCRS) solution. Contrasted with the MCRS is the 

Separable Costs, Remaining Benefits (SCRB) solution, which is not in the 

perfect center, and is faulty in that it does not always lie in the core (as it does 

in this case). 

The set of equations 4-19 through 4-21 can be grouped together into 

the following linear program which finds the upper and lower bounds on 

each xO) in order that the core, or the region that satisfies all three axioms of 

fairness can be determined. 

max or min x(i) 
subject to: 

:cCi) S c(i) 'rJ iE N 4-19 

L :e(i) S C(S) '<i SeN 
4-20 

,ES 

4-21 L :c(i) =c{~'.J") 
iEN 
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MeRS Solution: 

(X)(3.68,1.58,4.74) 

SeRB Solution: 

(~){4,1,5) 

FIGURE 4-5: ANTI CORE OF A 3 MEMBER COST GAME USING ISOMETRIC 
GRAPH PAPER (Heaney and Dickinson, 1982) 
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4-22 

In some cases, a core will not exist, and an equitable solution may not 

be possible. Figure 4-5 represents ·such a case. A compromise solution was 

picked by the MCRS solution, as it lies in the region called the anti-core-the 

area where most of the constraints imposed by the equity conditions are 

satisfied. The SCRB solution does not pick a very reasonable compromise 

solution, as it lies to the edge, of the anti-core, and satisfies less of the 

constraints than the MCRS solution does. The following linear program, 

represented by Equations 4-23 through 4-26, essentially does the same task, 

finding the optimum e in which the core first appears. 

min e 

subject to: 

4-23 

L x(u-8c{S):sc{S) 'riSeN 
4-24 

,es 

4-25 
=c{N) 

4-26 
.tiil~O 

However, in such cases as these, the coalitions will not be stable, i.e., some 

members will be unhappy. If left out, they ·can disrupt the remaining 

coalitions. This disruption continues indefinitely. 
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Equations 4-27 through 4-29 are used in determining the MCRS 

solution. First, the S factor, that is the factor each user should payout of the 

non-separable costs, is obtained by summing the difference between the 

ma.ximum bound (determined by linear programming) .of Xi and its minimum 

bound, dividing this difference by the sum of all the differences for the x/s 
within the group. This factor should add up to one, as all costs must be 

covered. The non-separable cost is determined by subtracting the sum of all 

the minimum costs for the x/s from the cost for the grand coalition. Finally, 

the MCRS solution cost for each Xi is determined by Equation 4-29. 

4-27 
;r;(il -x(i) 

P(i)= m<l.t ,nrn 1 

-{ ') [:nil -I(il --/ i 
- ma.r "un J 
lEN 

nsc=c(M_ Y;r;(il d 
"-- """. an 

4-28 

iEN 

4-29 
:c(i) = ;'e(i) . + p(t)(nsc) 

milt 
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As the number of participants in the proposed project increases, so 

does the complexity of the problem of allocating the costs among the 

different users fairly. The potential cost savings for the members within the 

coalitions also gets larger. To evaluate all of the possible coalitions would 

take an enormous amount of time, as the number of coalitions is 2n-1, which, 

for an 18 member coalition, for example, would result in 262,143 possible 

groupings. However, it is unnecessary to evaluate extraneous coalitions 

whose bounds will, in all likelihood, be superseded by other, less expensive 

coalition partners. This procedure can only be done arbitrarily, with a 

considerable amount of subjective judgement; although in most cases the 

decision is quite obvious. Since the costs being evaluated are usually for 

future projects--and the accuracy of the equations used is between ± 30% 

(Clark and Dorsey, 1983), eliminating the marginal groups in this manner can 

be rationalized (Young et!!. 1982). 

Allocating the costs in this manner will be compared with dividing the 

costs proportionally based on flow requirements. The" added pipe rule" 

suggested by McConagha and Converse (1973) will be used, i.e., users will 

only pay proportionally based on the pipelines added to accommodate them 

(and others). This simple method has been proven to violate all the equity 

criteria (Young et!!. 1982), with the exception of simplicity. 
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Summary 

The previous sections of this chapter have laid the groundwork and 

theory necessary to proceed with the evaluation of the economics of a water 

reuse system in South Florida. The flow chart depicted in Figure 4-6 

summarizes the steps involved in each of these tasks. In the case of the 

pipeline optimization, the cost analysis, and the cost allocation, computer 

programs were written (see REUSE in Appendix B) to aid in the computation 

of the large amounts of data that were compiled manually in the design 

stage (which will be reviewed in the following chapter). The final step of the 

analysis (the selecting of the cost-effective users) involves the logical rules set 

forth earlier in this chapter, in determining the actual additional costs and/or 

benefits due to the propos~d system. 

The reader is cautioned against using these estimates of costs across

the-board, as they represent static costs, i.e., they are only valid if the 

proposed system was built, and would probably increase as users are weeded 

out. looking at the flow chart analysis, however, it indicates that in the 

future, it may be possible to "close the circle" or re-route the previously 

found cost-effective users back through the whole process, in an iterative 

process, until some sort of stability is reached. The non-linear nature of the 

problem remains intact, and the problem becomes solvable. 
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· An ocate the costs:amonsthe.. '.:, Cc'.'oO$sts:fJ .•. A.: .. :.,.~IY ..•. ·.S. }eSa~Ecvha. , .. Iu ..••... a ft tfe.:.·, •.. tt'hhee' · respectiveusers/\ Tn ••• an· u. ~ 
equitable fashion such that.. '.Gomponent~.·Stip~l~ed: by. 
no' .' unstable . coalitions· ......... -i .• the.·:.:·design~ :\:r.eguratory. 

· develop (game theory. using; • requi'rements~":' health 
lP package),' .' .' .:. ..•.... :; con$iderations~.·<:····· 

Selection of the 
cost-effective users 
using economic 

criteria. 

FIGURE 4-6: FLOW CHART FOR WASTEWATER REUSE FEASIBILITY ANALYSIS 



CHAPTER "5: APPLICATION AND RESULTS FOR EASTERN PALM BEACH 
COUNTY, FLORIDA 

The cost relationships developed and presented in the previous 

chapter allow the reader to understand how costs vary as size, distance, 

method of alternative disposal, and other characteristics change. The 

method of pipeline optimization enables the computation of the costs of 

pipelines for the region concerned without detailed design data. The vast 

array of data can be transformed into costs by a single computer program. 

The costs can be allocated by the two methods given in the last part of the 

chapter. This chapter emphasizes the design of the prospective water reuse 

system within the respective 201 boundaries of eastern Palm Beach County, 

Fla., and then presents the data fr.om the cost analysis. 

Design of the System Networks 

The system that was designed considered for inclusion all wastewater 

treatment plants and potential users listed in Tables A-l and A-2. In addition, 

a few plants smaller than the 1 MGD capacity criterion of these tables were 

included because these plants increased the economies of the planned 

wastewater reuse system (irrigation sites were close, and no other treatment 

plant with excess capacity was located within the region of concern). 

Pipeline design was facilitated by use of computervision 

reconstructions of land use maps (with the assistance of the Land Resources 

Division of SFWMD). This system generated maps depicting golf courses, 

84 
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cemeteries, recreational areas, and wastewater treatment plants separately 

and identified as such. The U. S. Geological Survey (USGS) quadrangle maps, 

covering the eastern Palm Beach county region were 'used in addition to Mark 

Hurd aerial quadrangle maps to identify the sites of potential users. The 

design was made on the computervision maps, because the background data 

on other land use types wasn't printed, allowing for a clean work space. 

The overall design was completed for each of the seven different 201 

planning regions and subregions within the county. The western half of the 

county, consisting of mostly agricultural and wetland areas, was immediately 

eliminated from contention, as there was little or no treatment capacity 

within an economical distance to serve them (although, at a later date, as 

population expands to the west, it may become feasible). As a first step, 

routes for the pipelines were selected between the treatment plants and the 

respective irrigation sites. These were drawn along what was estimated to be 

the shortest distance along major rights of way, which should be reasonably 

close to an optimal path. Judgement was used to determine when lines 

should be shared and when they should be separated. In most cases, there 

was little question as to where the lines should go, taking into considera~ion 

costs of right-of way acquisition and other constraints. It had been suggested 

that the SFWMD could provide right-of-way along its canals, but this idea was 

abandoned because the legal/regulatory questions made it impossible. 

The computervision system also provided gross estimates of area for 

the different sites, and this information was used when District permit 
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information was unavailable (due to the unreliability of this data) . 
• . 

Recreational sites were gene·rally not included, as it was felt that the average 

size was too low to justify inclusion within the system, and that the more 

stringent DER, HRS, or county health regulations which apply to these areas 

would further reduce their feasibility. A few sites were dropped out also, due 

to their large distance to any treatment plant in their respective areas. 

The finished design can be seen in Figures D-1 to D-9. Tables D-1 

through D-14 explain the pipelines which serve the system (in greater detail 

tnan available on the maps), and provide information on the respective users 

identified on the map only by their Palm Beach County Area Planning Board 

(1981) number. This number, when superseded by the letters "GC" identifies 

the user as a golf course, "PK" for a Park, and "CM" for a cemetery. Figure 5-

1 delineates the different 201 regions, or sub-regions, while the other figures 

show the system in detail. The pipelines within each region were labelled 

with letters, and their total lengths were computed with the help of the HP-. 
81 digitizer system. 

Pro~edure for Evaluating/Allocating Costs of the Networks 

The information from Tables D-1 through D-14 was input into a 

FORTRAN program "REUSE" that evaluates the costs of the treatment 

systems (itemizing each component, and the total) for the respective 

networks, and calls a subroutine, "OPTII'vl" that determines the optimal 

diameters of the pipes of the systems, as outlined earlier. These programs can 
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be found in appendix B. These two steps were all that was necessary in order 

to allocate the costs using the simple" added pipe rule" method described 

earlier. But in order to allocate the costs using the game theory method, 

many different combinations of the respective users within each network 

have to be evaluated and costed. The total costs from these methods then 

become the constraints of a linear program. The Multi-Purpose Optimization 

System of Northwestern University (MPOS) was used, and tables of the input 

and samples of output can be found in appendix C. 

In using the simple method of cost allocation, the costs were allocated 

to each system user with each paying a user charge (C:/1 QOO gallons) on each 

pipeline in proportion to its share of the flow. A total was then formed as the 

sum of the treatment costs, pipeline costs, replumbing costs (to convert the 

site to wastewater, keeping the lines separate) of about 2q/1000 gallons 

(calculated form Table 4-2), and alternative disposal costs (a cost avoided, 

computed from Table 4-5 and information from various 201 studies). The 

total represents the additional cost to the supplier of providing usable 

wastewater to the system customers. It would, therefore, represent the 

minumum price at which water would be sold. A negative total indicates that 

the supplier would be willing to give the water away (or pay a subsidy to take 

it away), as the cost of wastewater reuse disposal is cheaper than the 

alternative least cost disposal method. These system supply costs as allocated 

to users are presented in Appendix D, Tables D 1-7. 
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The willingness of the user to purchase wastewater has been 

estimated by the costs of alternative supplies that would be avoided. This 

~as either the cost of operating the wells and pumps, or the costs of water 

purchased from a utility. This cost avoided was assumed to be the maximum 

the user would be willing to pay. When the maximum that the user would be 

willing to pay exceeds the min}mum that the suppliers would be willing to 

charge, there is a potential match. Both the supplier and the user would have 

an incentive to participate with the final price/charge subject to negotiation 

between the participants. The difference between these two is termed the 

net cost savings, and indicates the strength of the match, (see the last column 

of Tables D-1-7). The users are grouped by their 201 regions and/or groups 

within, and are listed in order of cost-effectiveness. 

Using the .MCRS method, after the costs for the combinations of users 

were determined, and the MPOS programs were run (a run was made for 

each variable, maximizing and minimizing it as the objective function in 

order to determine the upper and lower bounds of it). The 6 value was then 

calculated using Equation 4-27 for each user, and the MCRS solution was 

found using Equations 4-28 and 4-29. The following analysis was made 

identical to the method used for the simple cost allocation, and these results 

are listed in Tables D-8-13. The last entry in the table represents the 

summation of the total costs, i.e., pooling all the b~nefits and costs within the 

groups. 
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To illustrate the MCRS method, a three member subregion was 

picked, the Royal Palm Subregion, shown in Figure 5-2. Thre are three 

potential users, identified as #29GC: Indian Trail Country Club, 175 acres; 

#30GC: Royal Palm Country Club, 170 acres; and a Cemetery, #1CM, 41 

acres. This information was used in the computer program REUSE, and the 

output was analyzed using Equations 4-27 thru 4-29. The lower and upper 

bounds calculated from this method are shown in Figure 5-3 on triangular 

graph paper. Table 5-1 illustrates the calculation of costs from this analysis. 

(Note: in this case, the 212:/1000 gallons was already added in). After 

calculating a fair charge for each user, Xi from Equation 4-29, the values are 

transformed to tt/1000 gallons by dividing them by: (area) 

X(2.6937)X(2.0)X(.001440)X(365000). The alternate disposal cost is then 

listed, and the maximum supplier charge is the difference between X(i) and 

the alternative disposal cost. The maximum user charge is listed, and the 

maximum supplier charge is subtracted from it to obtain the net savings, in 

tt/1000 gallons. Finally, cumalative savings are found by summing these 

savings after they are converted to $/year format. 

These values will differ slightly from the values in Table 0-11, the 

program that was used in the District analysis was altered to reflect several 

corrections. The overall result remains the same however, as Royal Palm 

Beach does not appear to be a good subregion for wastewater reuse. 
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Cost Effectiveness Evaluation 

It is now possible to estimate the overall cost effectiveness of a 

wastewater reuse system within Palm Beach County. In Tables 5-2 and 5-3, 

the results from Appendix D are presented for the two methods of cost 

allocation. In Table 5-2, many of the prospective users are eliminated by cost 

considerations, as indicated by the column in the table. Both regional water 

supply benefits and environmental damages were estimated as costing less 

than 1 ¢/1 000 gallons, and were neglected due to the lack of impact on the 

analysis. 

By summing the costs for the system by the flows required, the final 

network found from this method consisted of 1163 acres, or about 7.49 MGD, 

or 8,39 AF/yr., costing a total of $2,179,000/year (but for each user, this is 

equivalent to what they are spending for disposal and/or supply). This 

represents an additional water supply capability of 2750 AF during a four 

month period of no discharge to the salt water system. This figure represents 

about 9% of the total possible within the Palm Beach County area. The users 

are cost effective under the assumptions previously given, and could be prime 

candidates for detailed design studies. This analysis is very sensitive to the 

alternative disposal costs, and the estimated water supply costs. 

Using the MCRS method of cost allocation, summarized in Table 5-3, 

the net cost effective system was 15.19 MGD, and if the users were summed 
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(that is they continued to be charged what they were charged for disposal 

and/or supply as they were before the system, in order to spread the benefits, 

and increase the users in the system), the net zero cost system would increase 

to 38.34 MGD. This represents a significant in£:rease in the size of the system, 

and the impact it could make. 

The reader is cautioned against making broad conclusions from this 

analysis as the model presented in this paper is static, that is, as the users were 

evaluated as to their cost-effectiveness, they were presented, whereas a 

dynamic model (and a more accurate one) may be possible in' which the 

process is put into a loop. In other words, the output from this method would 

be put back into the start of the cost evaluation process. It is expected that 

more users will drop out this way, with the result probably being somewhere 

between the two methods, or between 7.49 MGD and 15.19 MGD. The 

process gives good lower and upper bounds to aid in the decision analysis. 
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TABLE 5-3 
PAl.M BEACH COUNTY WASTEWATER REUSE POTENTIAL & FINAL COSTS USING LINEAR PROGRAMMING 
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 

As indicated previously, of a total demand for reused water of 83 

MGD, 7.5 MGD was found to b~ cost effective using the simple" added-pipe" 

rule allocation method, 15.2 MGD using the MCRS method, and pooling all 

the benfits and costs resulted in 38.3 MGD. It is expected that the true cost 

effective system size will lie somewhere in between these values. The reader 

is cautioned against using these estimates too broadly, as the model 

presented in this report is static, i.e., it does not take into consideration the 

effect users will have on the. costs (they will increase) when some users are 

eliminated due to cost considerations. It is felt that a computer model that 

incorporates the whole analysis in the fashion of Figure 4-6 could be 

developed. This model would eliminate most linear limitations, basically, by 

using the iterations and the allocation analysis, it would come up with a 

stable solution (hopefully), that approximates the true econoQ1ic reality 

closely . 

. It should be mentioned here that the model is very sensitive to 

changes in the water use demand of 2 inches per week. A more realistic 

approach would be to have a variable rate for each prospective user 

acc.ording to their water use in the past. The model does indicate that 

wastewater reuse as a water supply option, even under the best of 

considerations cannot compete against other water supply options such as 

conservation, which are of an order of magnitude.lower in cost. 
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TABLE A-l WASTEWATER TREATMENT PLANTS WITHIN THE 

JURISDICTION OF THE SOUTH FLORIDA 

NAME 

BOUD #2 North Regional 

Boud Palmdale Plant 1 B 

Coral Springs Improve. District 

Davie, Town of Utility System 2 

Deerfield Beath, City of 

Fort Lauderdale - Coral Ridge 

WATER MANAGEMENT DISTRICT* 

BROWARD COUNTY TREATMENT PLANTS 

DESIGN 
CAPACITY 

63.2 MGD 

1.0 MGD 

2.0 MGD 

1.0 MGD 

4.0 MGD 

8.0 MGD 

I. Includes all treatment plants with a capacity greater than or equal to 1 mgd. 

TYPE TREATMENT & DISPOSAL 

Extended aeration to the 
Atlantic Ocean 

Contact stabilization discharge 
to evapoperc.lake. Thence to 
surface water 

Contact stabilization aerated 
oxidation pond to seepage 
ditch 

Contact stabilization with 
tertiary filters to oxidation 
pond 

Contact stabilization to 
Hillsboro Canal Div. to Broward 
N. Reg. 

Activated sludge & contact 
stabilization & aux. trickling 
filter plant 



BROWARD COUNTY TREATMENT PLANTS - CONTINUED 

NAME 

Fort Lauderdale Plant A 

Gulfstream Utility Company 

Hollywood Wastewater Treatment Plant 

Lauderhill East 

Lauderhill West 

Lohmeyer, G. T. Regional WWTP 

Margate, City of, WWTP 

Modern Pollution Control 

North Lauderdale, City of 

Oakland Park, City of 

DESIGN 
CAPACITY 

8.2 MGD 

2.5 MGD 

38.0 MGD 

2.3 MGD 

6.0 MGD 

25.0 MGD 

6.0 MGD 

1.0 MGD 

3.2 MGD 

4.1 MGD 

TYPE TREATMENT & DISPOSAL 

Activated sludge, with ZIMPRO 
sludge treatment 

Contact stabilization 

Complete mix activated sludge 
discharges to C-12 Canal to 
Boud North Reg. 

Contact stabilization with 
tertiary filters to perc. ponds 

Oxygen activated sludge to 
I ntr acoasta I 

Activated sludge WWTP 
discharging to 24 in. disposal 
well 

Percolation pond 

Act sludge with cont. stab. 
discharge to perc. ponds and to 
canal 

Activated sludge 



BROWARD COUNTY TREATMENT PLANTS - CONTINUED 

NAME 

Plantation, City of 

Plantation, City of # 1 North 

Sunrise # 5 East 

Sunrise North Plant lA 

Sunrise Plant II 2 

Sunrise System # 5 West 

Sunrise, City of Plant 1 B 

Sunrise, City of Plant 3 

Tamarac, City of West WWTP 

Total 

DESIGN 
CAPACITY 

1.2 MGD 

3.3 MGD 

1.2 MGD 

3.3 MGD 

2.3 MGD 

1.25 MGD 

4.5 MGD 

3.0 MGD 

4.9 MGD 

200.45 MGD 

TYPE TREATMENT & DISPOSAL 

Contact stabilization 

Contact stabilization with 
oxidation pond ditch to 
Holloway Canal, C-11 Canal 

Contact.stabilization 

Contact stab. perc. ponds spray 
irri-gation and evaporation 

Contact stab. & pure oxygen 
with tertiary pressure filters, 
discharge to ponds 

Contact stabilization & aerobic 
sludge digestor 

Contact stab. discharging to 
lagoons for spray irrigation 

Contact stabilization 

Contact stab. discharging to 
canal system with spray 
irrigation 

I-> 
o 
00 



NAME 

City of Naples 

Collier County District A STP 

Coon Key Pass Fishing Villas 

Immokalee Water & Sewer District 

Marco Island Utilities 

Parkway Trailer Park 

Witches Brew 

Total 

COLLIER COUNTY TREATMENT PLANTS 

DESIGN 
CAPACITY 

5.4MGD 

1.5 MGD 

12.0 MGD 

1.5 MGD 

1.0 MGD 

5.0 MGD 

7.5 MGD 

33.9MGD 

TYPE TREATMENT & DISPOSAL 

Activated sludge (comp mix) 
effluent to pond to Gordon 
River 

Extended aeration to perc. 
ponds 

Oxidation ditch (extended 
aeration) 

Contact stabilization to 
polishing pond thence to spray 
irrigation 

Extended aeration 

Extended aeration to drainfield 



NAME 

Andover Subdivision 

Aventura MDWSA 

Cutler Ridge 

t lomestead Air Force Base 

Homestead, City of 

Kendale lakes WWTP 

Leisure City STP Units 1,2&3 

DADE COUNTY TREATMENT PLANTS 

DESIGN 
CAPACITY 

1.7 MGD 

1.5MGD 

4.0 MGD 

3.0 MGD 

2.2 MGD 

3.2 MGD 

2.38 MGD 

MDW&SA South District Regional WWTP 50.0 MGD 

MDWASA Central District WWTP 121.0 MGD 

TYPE TREATMENT & DISPOSAL 

Activated sludge discharges to 
Snake Creek Canal 

Contact stab. discharges to 5 
acre lake overflow to ICW. Div. 
No-dist. reg. 8/81 

Complete mix utilizing aeration 
clarification chlorination 

Contact stabilization to perc. 
pond 

Activated sludge with discharge 
to deep injection well 

2.38 MGD Total: .63 MGD act. 
sludge. 1.25 MGD cont. stab . 
. 0.50 MGD ext aero 

Activated sludge discharge to 
deep injection wells 

Activated sludge discharge to 
ocean outfall 



NAME 

MDWASA Goulds-Perrine 

MDWASA N. DistrictWWTP 

MDWASA Opa-Locka 

MDWASA Westwood Lakes 

MDWASA Sunny Isles 

North Miami Beach Utility Co. 

North Miami Plant 1 

North Miami Plant 2 

DADE COUNTY TREATMENT PLANTS - CONTINUED 

DESIGN 
CAPACITY 

6.0MGD 

60.0 MGD 

12.0 MGD 

2.7 MGD 

5.7 MGD 

1.7 MGD 

10.0 MGD 

6.0 MGD 

TYPE TREATMENT & DISPOSAL 

Contact stabilization STP 
discharging to seepage 
trenches 

Oxygen activated sludge 
discharging to Atlantic Ocean 

Thru N. Miami outfall no data 
available 

Discharging to Snapper Creek 
Canal 

Primary STP thru North Miami 
outfall data inconsistent 

Contact stabilization 
discharging to 
Intracoastal Waterway 

Primary wastewater TP 
discharge North 
Miami Ocean outfall 

Primary WWTP discharge thru 
North Miami Ocean outfall 



DADE COUNTY TREATMENT PLANTS - CONTINUED 

NAME 

Opa Locka Airport STP 

S. Dade Utilities-Bel Aire 

Sky Lake Development 

Sunset Park General Waterworks 

Total 

DESIGN 
CAPACITY 

1.0 MGD 

1.0 MGD 

1.0 MGD 

5.7 MGD 

302.78 MGD 

TYPE TREATMENT & DISPOSAL 

Secondary hi-rate trickling filter 
to Biscayne Canal. Flow div. to 
N. Dist. 

Contact stabilization to soakage. 
pit 

Contact stabilization to soakage 
trench 

Complete mix sewage 
treatment with deep 
well injection 

....... 

....... 
N 



NAME 

Cape Coral, City of (Plant B) 

Fiesta Village 

Ft. Myers Beach Sewer District 

Ft. Myers, City of (Raleigh St. Plant) 

Ft. Myers, Ci ty of 

lehigh Utilities, Inc. 

Sanibel Sewer Systems 114 

Waterway Estates 1667 Inlet 

Total 

LEE COUNTY TREATMENT PLANTS 

DESIGN 
CAPACITY 

4.0 MGD 

5.0 MGD 

2.7 MGD 

9.0 MGD 

6.0 MGD 

1.4 MGD 

1.0 MGD 

1.08 MGD 

70.13 MGD 

TYPE TREATMENT & DISPOSAL 

Contact stabilization to 
Caloosahatchee 
River 

Contact stabilization perc. 
ponds spray irrigation 

Contact stabilization with 
effluent to 
polish and perc. ponds 

Pure oxygen/aeration & 
trickling filter with effluent to 
Caloosahatchee River 

Contact stabilization with 
effluent to Caloosahatchee 
River 

Contact stabilization to 
retention pond 

Contact stabilization to 
retention pond 

Contact stabilization to Caloosa. 
River. 



HENDRY COUNTY TREATMENT PLANTS 

DESIGN 
NAME CAPACITY TYPE TREATMENT & DI~POSAL 

U. S. Sugar 2.5 MGD Secondary treatment, retention 

Total 2.5MGD 

MARTIN COUNTY TREATMENT PLANTS 

DESIGN 
NAME CAPACITY TYPE TREATMENT & DISPOSAL 

Hutchinson Island 7.5 MGD STP with surge TNK tert. filters ...... 

dual drainfields 
...... 
,t:. 

Stuart, City of 2.0 MGD Trickling filter and act. sludge 
fac'/St. Lucie River to deep well 
prim. outfall sec. 

Total 9.5 MGD 



NAME 

Captain's Cove 

Key West, City of 

Sombrero Landing 

Total 

MONROE COUNTY TREATMENT PLANTS 

DESIGN 
CAPACITY 

15.0 MGD 

4.3 MGD 

5.0 MGD 

24.3 MGD 

TYPE TREATMENT & DISPOSAL 

Extended air with effluent to 
two boreholes 

None: Raw collection w/outfall 
to Atlantic 

Extended aeration 

I-' 
I-' 
lJl 



NAME 

Okeechobee, City of 

Total 

NAME 

OKEECHOBEE COUNTY TREATMENT PLANTS 

DESIGN 
CAPACITY 

4.0 MGD 

4.0 MGD 

ORANGE COUNTY TREATMENT PLANTS 

DESIGN 
CAPACITY 

OCS&W Dept/Sand Lake Road WWTP 15.0 MGD 

Orlando/McLeod Road WWTP#2, City of 12.0 MGD 

Total 17.0 MGD 

TYPE TREATMENT & DISPOSAL 

Contact stabilization w/disposal 
via spray irrigation 

TYPE TREATMENT & DISPOSAL 

Contact stabilization sewage 
treatment plant 

High rate" trickling filter sewage 
treatment plant 



NAME 

Kissimmee, City of (Interim) 

Kissimmee/Martin Street, WWTP 

Reedy Creek Improvement District 

St. Cloud, STP, City of 

Total 

OSCEOLA COUNTY TREATMENT PLANTS 

DES'IGN 
CAPACITY 

1.0 MGD 

1.7 MGD 

6.0 MGD 

1.0 MGD 

9.7 MGD 

TYPE TREATMENT & DISPOSAL 

Contact stabilization with 
underdrained sprayfield 

Contact stabiliiation sewage 
treatment plant w/effluent to 
Lake Tohopekaliga 

Activated STP 

Trickling filter to St. Cloud Canal 
Tert. filters 

...... 

...... 
-....J 



NAME 

Acme Improvement District 

Belle Glade, City of 

Boca Raton, City of 

Century Village 

East Central Regional WWTP 

Loxahatchee Env. Control District 

Pahokee, City of STP 

PALM BEACH COUNTY TREATMENT PLANTS 

DESIGN 
CAPACITY 

1.5 MGD 

2.0 MGD 

10.0 MGD 

1.9 MGD 

40.0 MGD 

4.0 MGD 

1.2 MGD 

TYPE TREATMENT & DISPOSAL 

Activated sludge 

Contact stabilization 

Contact stabilization 

Contact stabilization with 
discharge to 
perc. pond & golf courses 

Extended aeration to five deep 
injection wells 

Extended aeration chem precip. 
settling, chlorination to pond 



PALM BEACH COUNTY TREATMENT PLANTS-CONTINUED 

DESIGN 
NAME CAPACITY TYPE TREATMENT & DISPOSAL 

Palm Beach Co. #3 2.5 MGD Contact stabilization to perc. 
pond 

Palm Beach Co. System # 5 - Le Chalet 1.5MGD Contact stabilization 

Royal Palm Beach Utility Co. 1.1MGD Contact stabilization 

Seacoast Uti!. - Palm Beach Gardens 3.6 MGD Complete mix activated sludge 

Seacoast Utilities 4.8MGD Activated sludge STP with I-' 
offsite disposal I-' 

'-0 

South Central Reg. Plant #2 (PBC) 2.5 MGD Contact stabilization 
discharging to nine perc. ponds 

South Central Regional WWTRP 15.0 MGD Activated sludge to ocean 
outfall 

South Palm Beach Uti!. Corp. (Amer. Homes) 3.0 MGD Contact stab. tertiary alum. 
. coagulation dual media 

• 

filtration to ponds 

Total 94.6MGD 



NAME 

Fort Pierce Utility Authority 

GDU - Port St. Lucie - North 

Total 

ST. LUCIE COUNTY TREATMENT PLANTS 

DESIGN 
CAPACITY 

5.0 MGD 

2.0 MGD 

7.0 MGD 

TYPE TREATMENT & DISPOSAL 

3.5 MGD activated sludge & 1.5 
contact stabilization 

Complete mix facility 
discharging to St. Lucie River 

...... 
IV 
o 



TABLE A-2 POTENTIAL WASTEWATER IRRIGATION SITES WITHIN THE . 
JURISDICTION OF THE SOUTH FLORIDA 

WATER MANAGEMENT DISTRICT 

BROWARD COUNTY WASTEWATER IRRIGATION SITES 

NAME PERMIT NUMBER 

American Golfers Club(lnci. in Coral Ridge Prop.) 
Arrowhead Golf and Country Club 
Bonaventure Assoc. 06-00108-W 
Broken Woods Golf 06-00376-W 
Broward Comm. College 06-00354-W 
Broward Co. Aviation(Ft. Laud/Hollywood Air.) 06-00431-W 
Broward Co. Parks Dept.(Sports Complex) 06-00310-W 
Ihoward Co. Park & nec.(Lakeview Park) 06-00382-W 
Broward Co. Rec. Dept.(Lyon's Tradewinds Pk) 06-00347-W 
Broward Memorial Gardens 
Century Village East 06-00076-W 
Colony West Country Club 
Cooper Colony Country Club 06-00407-W 
Coral Ridge Country Club 06-00105-W 
Coral Ridge Properties(Village II GC) 06-00412-W 
Country Club of Coral Springs 06-00377-W 
Cry!otallake Country Club 06-00394-W 
Dania Country Club 06-00250-5 
Deerfield Country Club 06-00034-W 
Deerfield High School 06-00385-W 
DC Properties(Deer Creek CC) .06-00244-W 
Diplomat Country Club 
Eee Grande Golf Course 
Emerald Hills Country 06-00061-W 
Emerald Hills Country Club 06-00062-W 

IRRIGATED AREA 

153 Acres 
243 Acres 
67 Acres 
16.67 Acres 
54.5 Acres 
432 Acres 
85 Acres 
425 Acres 

780 Acres 
150 Acres 
60 Acres 
212 Acres 
136 Acres 
103 Acres 
117 Acres 
35 Acres 
62.7 Acres 
17.5 Acres 
175 Acres 
105 Acres 
61 Acres 
108.5 Acres 
64.7 Acres 

I-' 
N 
I-' 



BROWARD COUNTY WASTEWATER IRRIGATION SITES -CONTINUED 

NAME 

Evergreen Cemetery 
Forest lawn Memorial 
Foxcraft Golf and Tennis 
FPA Corporation 
Ft. lauderdale Country Club 
Ft. lauderdale, City of 
Goodyear Tire & Rubber{Blimp Base) 
Highland Meadows MHP 
Highland Village MHP 
High School CCC, Bro. 
Hillcrest Golf & Country Club 
Hollybrook Golf & Tennis 
Hollywood Beach Golf & Country Club 
Hollywood lakes Country Club 
Hollywood Memorial Gardens 
Hollywood Memorial Gardens 
Hollywood, City of 
Inverrary Country Club 
Jacaranda Country Club 
lago Mar Country Club 
lauderdale lakes, City of 
lauderdale Memorial Gardens 
l.auderdale Memorial Park 
leisureville Fairway 
leonard W.(Adios Country Club) 
Mainlands Golf Course 
Martinique Village 
Montwood, Inc.(Woodmont Country Club) 
Nationwide Builders(Holiday Springs G&CC) 
Oakridge Country Club 
Ordnge Brook Golf Course 

PERMIT NUMBER 

06-00068-W 

06-00024-W 
06-000S6-W 
06-00122-W 
06-00336-W 
06-00048-W 
06-000S9-W 
06-0024S-W . 
06-00099-W 
06-00406-W 

06-0007S-W 
06-00063-W 
06-000S2-W 
06-00344-W 
06-00149-W 

06-00181-W 

06-00416-W 

06-00089-W 
06-00021-W 
06-00307-W 

IRRIGATED AREA 

40 Acres 
83 Acres 
662 Acres 
280 Acres 
248 Acres 
30 Acres 
SO Acres 
20 Acres 
2S Acres 
140 Acres 
170 Acres 
77 Acres 
285 Acres 
45.65 Acres 
28.82 Acres 
20S Acres 
320 Acres 
260 Acres 
169 Acres 
8 Acres 

N/A 
102.4 Acres 
16 Acres 
139 Acres 
281 Acres 
120 Acres 
170 Acres 
205 Acres 

..... 
N 
N 



BROWARD COUNTY WASTEWATER IRRIGATION SITES - CONTINUED 

NAME 

Oriole Golf & Tennis Club 
Palm-Aire Country Club 
Pembroke Lakes Golf 
Pine Island Ridges Golf Course 
Pines Par Three 
Plantation Golf Club 
Pompano Beach, City of 
Pompano Beach, City of (Pompano Beach GC) 
Pompano Beach Country Club 
Pompano Park Golf Club 
Pompano Park Raceway 
Queen of Heaven Cemetery 
Rolling Hills Golf 
Sabal Palm Country Club 
Sharon Gardens Memorial Park(2 cemeteries) 
So. Broward Park Dis. Com. 
Spring Tree Country Club 
Star of David Memorial Gardens 
Sunrise Country Club 
Sunset Golf Course 
Sunset Memorial Gardens 
Tamarac Country Club 
Tam O'Shanter Country Club 
Temple Beth EI Memorial Gardens 
Westlawn Memorial Gardens 
Whispering Lakes Golf 
Woodlands Golf Assoc. 
Wynmoor Limited 

Total 

PERMIT NUMBER 

06-00357-W 
06-00026-W 

06-00408-W 
06-00081-W 
06-00025-W 

06-00193-W 
06-00106-W 
06-00393-W 
06-00083-W 

06-00130-W 

06-00383-W 
06-00384-W 

06-00023-W 
06-00094-W 
06-00039-W 

IRRIGATED AREA 

160 Acres 
19 Acres 
80 Acres 
333 Acres 
N/A 
32 Acres 
45 Acres 
150 Acres 
45 Acres 

90.3 Acres 
24 Acres 
160 Acres 
120 Acres 

140.Acres 
213 Acres 

189 Acres 
N/A 

145 Acres 
90 Acres 

35 Acres 
245 Acres 
130 Acres 

10,288.74 Acres 



COLLIER COUNTY WASTEWATER IRRIGATION SITES 

NAME 'PERMIT NUMBER IRRIGATED AREA 

Big Cypress Country Club N/A 
City Nat!. Bank of Miami(Eagie Creek G & T) 11-00179-W 125 Acres 
Club at Pelican Bay N/A 
Collier Dev. Corp. 11-00021-W 144 Acres 
Country Club of Naples 11-00064-W 115 Acres 
Forest Lake Country Club 98 Acres* 
The Glades, Inc. 11-00020-W 245 Acres 
Golden Gate Golf 11-00138-W 77 Acres 
High Point Country Club 11-00019-W 15 Acres 
Hole-In-The-Wall Golf Club 11-00030-W 180 Acres 
Imperial Golf Club 11-00058-W 260 Acres 
Kings Lake, Ltd. 11-00145-W 50 Acres I-' 

Lakeland Country Club 98 Acres* I\J 

Lely Estates, Inc.(Lely CC) 11-00131-W 300 Acres "'" 
Manchester Inv, Inc.(Sherwood Park) 11-00196-W 50 Acres 
Marco Island Utilities 11-00104-W 741.Acres 
Marco Shore Gol f & Country Club N/A 
Moorings Golf Club 11-00054-W 38 Acres 
Naples Bath & Tennis 11-00008-W 80 Acres 
Naples Golf & Beach Club 11-00063-W 107 Acres 
Naples Memorial Gardens 11-00220-W 12 Acres 
Natl Audubon Society 11-00048-W N/A 
Palm River Country Club 11-00139-W 75 Acres 
Pine Lakes Country Club 98 Acres* 
Placid lakes Country Club N/A 
Quail Run Country Club 11-00224-W 55 Acres 
Riviera Golf Club 11-00053-W 85 Acres 
Royal Poinciana Golf Club 11-00045-W 312 Acres 
Shelter Corp. of Canada (Bear's Pan CC) 11-00130-W 150 Acres 
Smith, G C 11-00045-W 45 Acres 
Spanish Wells Country Club N/A 
The Moorings, Inc. 11-00200-W 44 Acres 



COLLIER COUNTY WASTEWATER IRRIGATION SITES - CONTINUED 

NAME 

US Home Corporation 
US Home Corporation(Foxfire) 
US Home Corporation(Lakeland CC of Naples) 
West Fla. Investments(Bay Forest) 
Whispering Pines, Inc. 
Wilderness Country Club 
Wyndemere Holdings 

Total 

PERMIT NUMBER 

11-00050-W 
11-00221-W 
11-00150-W 
11-00206-W 
11-00210-W 
11-00057-W 
11-00167-W 

IRRIGATED AREA 

45 Acres 
125 Acres 
53 Acres 
50 Acres 
54.16 Acres 
170 Acres 
232 Acres 

4,425.16 Acres 

..... 
N 
111 



DADE COUNTY WASTEWATER IRRIGATION SITES 

NAME PERMIT NUMBER IRRIGATED AREA 

Bayshore Golf Course 153 Acres 
Biltmore Golf Course 82 Acres 
Bleaufontaine, Inc. 13-00024-W 120 Acres 
Briar Bay Golf Course 38 Acres 
California Club North 130 Acres 
California Country Clu.b 360 Acres 
Calusa, Inc. 13-00072-W 105 Acres 
Club West, Inc.(CC of Miami) 13-00109-W 225 Acres 
Colonial Palms Golf Course 83 Acres 
Continental Golf Course 23 Acres 
Coral Gables, City of 13-00055-W 139 Acres 
Coral Gables, City of 13-00049-W 1.48 Acres ...... 
Coral Gables, City of 13-00056-W 57.8 Acres '" Costa Del Sol Golf Course 326 Acres 

m 

Country Club Aventur 13-00052-W 225 Acres 
Crooked Creek Golf Course 87 Acres 
Diplomat Presidential 265"Acres 
Doral Country Club 13-00061-W 600 Acres 
Doral Pk Joint Venture 13-00107-W 110 Acres .. 
Fla. Inter. University 13-00021-W 70 Acres 
Fontainbleau East and West 464 Acres 
Granada Golf Course 43 Acres 
Greynolds Park 67 Acres 
Haulover Beach Golf Course 46 Acres 
Homestead AFB Golf Course 93 Acres 
Indian Creek 93 Acres 
Kendale lakes Golf & CC 13-00031-W 170 Acres 
Kendale W. Golf & CC 13-00032-W 77.34 Acres 
Key Biscayne Golf Course 98 Acres 
Kings Bay Country Club 184 Acres 
La Gorce Country Club 66 Acres 



DADE COUNTY WASTEWATER IRRIGATION SITES - CONTINUED 

NAME 

Metro Dade County 
Miami lakes Inn & CC 
Miami Shores Country Club 
Miami, City of {Mel reese CC) 
Miami, City of {Miami CC) 
Normandy Shores Golf Course 
Palmetto Country Club 
Par Three Golf Course 
Redland Golf & Country Club 
Riviera Country Club 
Sago Bay Golf Course 
The California Club 
Trafalgar Dev. of Fla. 
Turnberry Isles Country Club 
Westview Country Club 

Total 

PERMIT NUMBER 

13-00071-W 
13-00019-W 
13-00041-W 
13-00095-W 
13-00090-W 

13-00074-W 
13-00088-W 

13-00034-W 
13-00020-W 

13-00022-W 

IRRIGATED AREA 

293 Acres 
53.5 Acres 
120 Acres 
50 Acres 
95 Acres 
149 Acres 
177 Acres 
45 Acres 
110 Acres 
105 Acres 
N/A 
120 Acres 
110 Acres 
61 Acres 
55 Acres 

6,145.12 Acres 



GLADES COUNTY WASTEWATER IRRIGATION SITES 

NAME PERMIT NUMBER IRRIGATED AREA 

Airboats of Buckhead, Inc. 22-00005-W 5 Acres 
General Development Corp. 22-00006-W 190 Acres 
Hendry Isles Golf Course 

Total 195 Acres 

HENDRY COUNTY WASTEWATER IRRIGATION SITES 

NAME PERMIT NUMBER IRRIGATED AREA 

Clewiston Golf Course 98 Acres* I-' 

Layton, J 26-00147-W 31 Acres IV 
00 

Total 129 Acres. 

HIGHLANDS COUNTY WASTEWATER IRRIGATION SITES 

No Golf Courses in SFWMD 



LEE COUNTY WASTEWATER IRRIGATION SITES 

NAME PERMIT NUMBER IRRIGATED AREA 

Alden Pines, ltd. 36-00204-W 55 Acres 
Ayers & G. Drake, Tru H(Corkscrew G.) 36-00252-W 113 Acres 
Boca Grande 98 Acres* 
Bonita Bay 36-00282-W 2375 Acres 
Bonita Springs Golf & CC 36-00186-W 160 Acres 
Cape C~ral CC & Golf Course 36-00056-W 187 Acres 
Cape Coral Exec. Golf Course 36-00051-W 29 Acres 
City of Ft. Myers 36-00019-W 135 Acres 
Cypress Lake Country Club N/A 
Cypress Pines Country Club 36-00303-W 89.2 Acres 
Eagle Ridge Golf Course N/A 
Eastwood Golf Course 36-00368-5 N/A I-' 
EI Rio Golf Club 36-00026-W 35 Acres w 
Equity Service Group(Paddle Creek) 36-00278-W 22.1 Acres. 

0 

Fiddlesticks Country Club 36-00287-S 98 Acres* 
Fort Myers Country Club 98 Acres* 
Lake Lawn Country Club 36-00070-W 33 Acres 
Landing Yacht & Golf Club 36-00138-W 150"Acres 
Lan Ron Builders, Inc.(Lake Fairways MHP) 36-00212-W 35 Acres 
Lee County School Board 36-00133-W 23 Acres 
Lehigh Acres Dev.(Mirror Lakes) 36-00143-W 160 Acres 
I.ehigh Acres Dev.{Lehigh Acres CC) 36-00144-W 115 Acres 
Lehigh Corporation(Deer Run.GC) 36-00351-W 67 Acres 
loch moor Country Club 36-00025-W 81 Acres 
M,uincr Prop., Itlc.(Casa Ybel Beach & Sport) 36-00107-W 10 Acres 
McGregor Villas, Inc. 36-00138-W 150 Acres 
Myerlee Country Club 36-00268-S 98 Acres* 
Palmetto Pine Country Club 36-00032-W 95 Acres 
Punta Gorda Isles Co. 36-00066-W 365 Acres 



LEE COUNTY WASTEWATER IRRIGATION SITES - CONTINUED 

NAME 

San Carlos Golf, Inc. 
Seven takes Assoc. 
Stardiallnvestments(Bay Beach GC) 
Suncoast Investments(Del-Tura CC) 
S Seas Plantation Co. 
The Dunes Golf & Country Club 
Timberlake, ltd.(The Forest) 
Useppa Island 
Whiskey Creek Country Club, Inc. 

Total 

PERMIT NUMBER 

36-00308-W 
36-00088-W 
36-00322-W 
36-00264-W 
36-00109-W 
36-00044-W 
36-00161-W 

36-00055-W 

IRRIGATED AREA 

90 Acres 
125 Acres 
45.5 Acres 
79 Acres 
75 Acres 
109 Acres 
120 Acres 
35 Acres 
52 Acres 

5,606.8 Acres 



NAME 

MARTIN COUNTY WASTEWATER IRRIGATION SITES 

PERMIT NUMBER 

Crane Creek Country Club 
Eaglewood Joint Venture(PUD) 
Ileri lage Hidgc Gol f Club 
Holiday Country Club 
Indidn Hiver Plantation 
Joe's Point Venture 
Jonathan's landing 
Jupiter Golf Club, I C. 
King Mountain Condo Assn. 
Mariner Sands Dev. Co. 
Martin Co. Bd. of 
Martin Co. Golf & CC 
Mid-Rivers, Inc. 
Miles Grant Country Club 
Mobile Oil Estates 
North Trail Golf Club 
Pipers landing, Inc. 
Ranch Colony, Inc. 
River Bend Golf Course 
Southern Realty Group{Martin Down's CC) 
The little Club Condo 
The Yacht & Country Club 
Turtle Creek Club 

Total 

43-00027-W 
43-00220-W 
43-00126-5 

43-00042-W 
43-00130-W 
43-00221-W 
43-00054-W 
43-00013-W 
43-00064-W 
43-00156-W 
43-00031-W 
43-00069-W 
43-00067-W 
43-00030-W 
43-00026-W 
43-00198-W 
43-00138-W 
43-00091-W 
43-00204-W 
43-00202-W 
43-00032-W 
43-00140-W 

IRRIGATED AREA 

64.3 Acres 
50.1 Acres 
33 Acres 
N/A 
127 Acres 
34 Acres 
180 Acres 
298 Acres 
45.6 Acres 
215 Acres 
30 Acres 
160 Acres 
105 Acres 
88 Acres 
458 Acres 
35.4 Acres 
66.4 Acres 
230·Acres 
67.59 Acres 
101.3 Acres 
20 Acres 
140.1 Acres 
105 Acres 

2,653.79 Acres 

...... 
W 
N 

• 



NAME 

Key West Golf Course 
Ocean Reef Club, Inc. 

Total 

MONROE COUNTY WASTEWATER IRRIGATION SITES 

PERMIT NUMBER 

44-00003-S 
44-00001-W 

IRRIGATED AREA 

60.5 Acres 
57 Acres 

117.5 Acres 

OKEECHOBEE COUNTY WASTEWATER IRRIGATION SITES 

NAME PERMIT NUMBER 

Okeechobee Golf and Country Club 

ORANGE COUNTY WASTEWATER IRRIGATION SITES 

RRIGATEDAREA 

N/A' 

NAME PERMIT NUMBER IRRIGATED AREA 

Blue Mountains Joint Venture 
Greater Orlando 

48-00121-W 
48-00063-W 
48-00135-W 
48-00091-W 
48-00058-W 

Orange Lake Country 
Orlando Naval Training 
Sea World of Florida 

Total 

NAME 

Little England, Inc. 

Toldl 

OSCEOLA COUNTY WASTEWATER IRRIGATION SITES 

PERMIT NUMBER 

49-00118-W 

253 Acres 
178 Acres 
237.5 Acres 
59 Acres· 
248 Acres 

975.5 Acres 

IRRIGATED AREA 

498 Acres 

498 Acres 

I-' 
W 
W 



PALM BEACH COUNTY WASTEWATER IRRIGATION SITES 

NAME 

Arvida Corporation 
Atlantis Country Club 
Atlantis Golf Club 
Banyan Golf Club 
Belle Glade Golf Course 
Belvedere Golf Club 
Biernbaum, R. 
Boca Del Mar Associates 
Boca Del Mar Assoc. 
Boca Greens Country Club 
Boca Grove Plantation 
Boca Lago Country Club, Inc. 
Boca Raton Hotel & Club 
Boca Raton, City of 
Boca Rio Golf Club 
Boca Teeca Corp. 
Boca Woods Country Club 
Boynton Beach, City of 
Cadillac Fairview In. 
Cadillac Fairview 
Century Village West 
Century Village, Inc. 
City of Boynton.Beach 
City of West Palm Beach 
City of West Palm Beach 
City of West Palm Beach 
City of West Palm Beach 
Counlry Manors Condo. 
Covered Bridge Condo. 
Crouch/Palermo Fla. 
Crystal Lakes HV Resort & Golf C. 
Delray Beach Country Club 

PERMIT NUMBER 

50-00489-W 
SO-004S2-W 
SO-00406-W 
50-00443-W 

50-00849-W 
50-00697-W 
50-00054-W 
50-00055-W 
SO-00632-W 
SO-00841-W 
50-00888-W 
SO-00328-W 
50-00832-W 
SO-00292-W 
SO-00088-W 
50-00737-W 
SO-00951-W 
50-00981-W 
50-01001-W 
SO-00688-W 
50-00890-W 
SO-00039-W 
50-00257-W 
50-00247-W 
50-002S6-W 
50-00487-W 
50-001S0-W 

·50-00050-W 
50-00945-W 
50-00828-S 
50-00944-W 

IRRIGATED AREA 

90 Acres 
100 Acres 
150 Acres 
140 Acres 
N/A 
25 Acres 
135 Acres 
142 Acres 
116 Acres 
140 Acres 
179 Acres 
202.6 Acres 
120 Acres 
165 Acres 
163 Acres 
100 Acres 
200 Acres 
110 Acres 
15SoAcres 
88.26 Acres 
101 Acres 
60.7 Acres 
20 Acres 
17.5 Acres 
35 Acres 
4S Acres 
110 Acres 
37.6 Acres 
45 Acres 
120 Acres 
N/A 
120 Acres 



PALM BEACH COUNTYWASTEWA:TER IRRIGATION SITES - CONTINUED 

NAME 

Delray Dunes Golf & CC 
Dept. of Natural Resources 
DGC Assoc. by Pair, Inc. 
Dimentional Builders, Inc. 
Ea~tpointe Country Club 
EPIC Corporation 
Flagler System, Inc. 
Fla. Atlantic University 
Fla. Planned Communities 
Fla. Power & light Co. 
Forest Ilill Golf, Inc. 
~ountains Golf & Racquet 
Fountains of Palm Beach 
frenchmans, Inc. 
Gould Florida, Inc. 
Greentree Villas Condo. 
Greenway Village S 
Gulf Stream Golf Club 
Hidden Valley Golf 
High Point of Delray 
High Point of Delray 
Holigolf, Inc. 
IBM C/O Jerry Delane 
John I. I.eonard High School 
John T. Oxley Farms 
Jonathan's Landing 
J.D.M. Country Club 
Kings Point Community Assoc. 
Kings Point Housing 
lake Worth, City of 
Levitt Homes, Inc. 
Lion Country Safari, Inc. 

PERMIT NUMBER 

50-00851-W 
50-00741-W 
50-00534-W 
50-00526-W 
50-00941-W 
50-00059-W 
50-00203-W 
50-00655-W 
50-00110-W 
50-00742-W 
50-00099-W 
50-00440-W 
50-00165-W 
50-00091-W 
50-00883-W 
50-00472-W 
50-00642-W 
50-00377-W 
50-00970-W 
50-01030-W 
50-00666-W 
50-00255-W 
50-00502-W 
50-00140-W 
50-00007-W 
50-00237-W 
50-00852-W 
50-00975-W 
50-00971-W 
50-00866-W 
50-00760-W 
50-00374-W 

IRRIGATED AREA 

120 Acres 
812 Acres 
190 Acres 
80 Acres 
123.9 Acres 
168 Acres 
200 Acres 
240 Acres 
216 Acres 
8.3 Acres 
25 Acres 
225 Acres 
100 Acres 
168 Acres 
632 Acres 
80 Acres 
22 Acres 
160 Acres 
10 Acres 
31.55 Acres 
68.2 Acres 
35.2 Acres 
39.7 Acres 
20 Acres 
116 Acres 
120 Acres 
590.8 Acres 
95 Acres 
220 Acres 
97 Acres 
11.1 Acres 
400 Acres 

..... 
W 
lJ1 



PALM BEACH COUNTY WASTEWATER IRRIGATION SITES - CONTINUED 

NAME 

Lone Pine Golf Club 
Lost Tree Club, Inc. 
Lucerne Lakes Golf Course 
Lucerne Park, ltd. 
Markborough Properties 
Mark M. Nicolaysen 
Mayacoo Lakes Country Club 
Meadowbrook Mobile Horne Park 
Mirror Lakes Horne. 
No I Condo Assoc. 
N. Palm Beach Co WCD 
Oriole Homes Corporation 
Palm Greens # 2 Condo. 
Palm Hill Villas 
P.B Co. Parks & Rec. Dept. 
P.B. Lakes Golf Club 
Pelican Harbor, Inc. 
Penni Land & Dev. Co. 
Pierce 
Pine Tree Golf Club, Inc. 
Presidential Country Club 
P.B. National Golf & CC 
Quail Hidge, Inc. 
Radice Corporation 
Ueliremenl Builders 
Uoyal Pdlm Ueach Colony 
Iloyal Palm Memorial Gardens 
Hoyal Palm Yacht & (C 
Hoyal Palm Beh. Golf & CC 
Sdnddiroot Cove Country Club 
Seminole Gol f Club 
Sl. Andrews Dev. Corp. 

PERMIT NUMBER 

50-00954-W 
50-00421-W 
50-00388-W 
50-00967-W 
50-00845-W 
50-00032-W 
50-00537-W 
50-00120-W 
50-00583-W 
50-00848-W 
50-00617-W 
50-00078-W 
50-00859-W 
50-00865-W 
50-00814-W 
50-00233-W 
50-00725-W 
50-01022-W 
50-00394-W 
50-00535-W 
50-00224-W 
50-00268-W 
50-00419-W 
50-00908-W 
50-00855-W 
50-00269-W 
50-00218-W 
50-00159-W 
50-00561-W 
50-00411-W 
50-00349-W 
50-00799-W 

IRRIGATED AREA 

40 Acres 
130 Acres 
55 Acres 
32.6 Acres 
197 Acres 
40 Acres 
160 Acres 
41 Acres 
23.6 Acres 
40 Acres 
507 Acres 
101 Acres 
70 Acres 
19 Acres 
21.4 Acres 
95 Acres 
11 Acres 
190.7 Acres 
115Acres 
160 Acres 
247 Acres 
70 Acres 
197 Acres 
89.8 Acres 
71 Acres 
175 Acres 
81 Acres 
131.3 Acres 
170 Acres 
155 Acres 
105.4 Acres 
658 Acres 

..... 
W 
0'\ 



PALM BEACH COUNTY WASTEWATER IRRIGATION SITES - CONTINUED 

NAME 

Summit Assoc, ltd. 
Teque~ta Country Club 
rhe Ilamiet of Delray 
The lIttle Club, Inc. 
The Trdib Golf & Country Club 
Trdfalgar Dev. of Fla. 
Unlv. Park Country Club 
villd Delray Golf 
Villaue of N. Palm Beach 
Willow Bend Assoc. 

Total 

. PERMIT NUMBER 

50-00331-W 
50-00223-W 
50-00284-W 
50-00434-W 
50-00896-W 
50-00111-W 
50-00119-W 
50-00049-W 
50-00084-W 
50-00631-W 

IRRIGATED AREA 

327 Acres 
100 Acres 
114.2 Acres 
33 Acres 
47 Acres 
357 Acres 
60 Acres 
130 Acres 
127.2 Acres 
25 Acres 

14,377.61 Acres 



NAME 

Grenelefe Corporation 
Poinciana Golf & Racquet 
River Ranch, Inc. 

Total 

NAME 

Ft. Pierce-St. tucie C RB 
General Development Corp. 
Hollingsworth E L 
Indian Pines Golf Club 

Total 

POLK COUNTY WASTEWATER IRRIGATION SITES 

PERMIT NUMBER 

53-00029-W 
53-00020-W 
53-00017-W 

ST. LUCIE COUNTY WASTEWATER IRRIGATION SITES 

PERMIT NUMBER 

56-00001-W 
56-00100-W 
56-00390-W 
56-00101-W 

IRRIGATED AREA 

40 Acres 
120 Acres 
45 Acres 

205 Acres 

IRRIGATED AREA 

640 Acres 
225 Acres 
50 Acres 
50.4 Acres 

965.4 Acres 



APPENDIX B: 

PIPELINE OPTIM IZATION 

AND COSTING PROGRAMS 

WITH SAMPLE OUTPUT 
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PDP-II FORTRAN-77 V4.1-1J 10:1~:J7 H-thw-8J F'~"" 1 
RfU~E.F'H'J] ICK/F771'k:~LL/UR 

0001 
0002 

OOOl 

0004 
000:; 
00(,'; 
0007 
0008 

0009 

DOlO 

0011 
0012 
0013 
00101 
0015 
001& 
0017 
0018 
0019 
0020 
0021 
0022 
002:\ 
0024 

C 

C 
C 
C 
C 
C 
C 
C 

:5 

c 
C 
r. 

PROGR"'" REUSE 
COtltlLl'~ iI~I:A,DIAH,N 

PkU~~~H k."~lIHUOIFIEn) 
OIKlHSIOH PIP[(~).PU~PI~I,P"HPOHI51.TOrALI5', 

'HfnU(~llfLUUhl~',tL"WGI5I,PIPOH(51 
REAL HEO(A,HEOIA~.Hl01G 
DIHENSION DIAHI5I,OIS1(5),AREAI~' 
CHt,t\,,'; rERt60, I\:':G 1011. r HUB 
tHARACTERf2,PIPIO(5) 
Ur-Ell IUIII I' 2. lYf"E" 'OLO' .FILE: 'OOLf .II,H' • ORIlAtlJlA r 10N-' 

• 'Sf.OUHIT I ,·,L ' I 
OPEM IUHIT.J.TYPE.'OLD'.FILE·'tOSTS."~T'.ORGAHI2AIIOH· 

'·SlUUfNT(~L·.ACtESS·'APPEHD·) 

I~-~ 
THE FOLLOWING DATA VALUES REPRESENT '1 HI'. Cilf'IH,I. kECOVlRY Fr,CTOkS: 
CRFI PIPES 1~% ij~LVA6~ tOXIHllkEST J01EARS 
CRF2 PUHPS lOX SALVAGE 10XINllR~Sl 10 YEAkS 
CkFJ FILTER OX SALVAGE lOXINrE~[ST 20 YEARS 
CRF4 STORAGE 0% SALVA6f 10XIN1EkEST lO Y.~kS 
CRF5 CHLOR OX SALVnGE lOZIH,lklSt 1~ Y'"AkG 
LENGTHS OF Tl"E UERE ESTIHAllD FRO" OLAt STUDy ••••••• 

DAIA tRFI/.IO~47/CRF2/.15617/CRFJ/.II/'61 
DATA CRF4/.1060B/CRt5/.1314741 
REnD (2,1~01 kEGION 
READ 12.155) IPIPIDII).ilREilII).P1STII).1-1.N) 
CALL IOATE 111.J1.Kl) 
CALL TIHE n III) 
.:.'LL OF-HII 
W~I1E 13.16~) REGION 
WRln,: 13.117) 
URITE IJd45) 
.'RE',TO;AIiEH (1) 

['0 :5 1;1", 
U~ITE 13.150) PIPIDII).~REAII).UI~HII).UIGTII) 
WRI IE 13.147) 

C FLOII IN "GD IFLOWH) AND GP" IFLOWG) A1 ItN IIF·PLICATION Rt,TE 
C OF 2 INCHES P~R W~EK •••••••••• 

002~ 00 10 I-I,N 
.o02~ 
"OO:!1 
OO:.!G 

002'1 
OOlO 

OOll 
003:! 
003J 

fLOWGlt)L2*A~E~II)*~.69J7 
FLOU"III-FLOUGII)f'1440./1000000.) 

10 t:UIl" WUE 
C 

FLOWGT·2.0*~REATO*2.~Y37 

"UIWiU-'·LOUGH 11440. / 1000000. ) 
C COST OF ~I~E. CAf"ITAL. IN 001 LARS PE~ 1000 GALL •••• 
C 

1'0 :!5 l-l,N 
11' (OH,I1(II.GE.12) UO TO 20 
nn( I) "l.:!::'H .:!::'S·HUIHI1( ()U.:!~S71U'Hn (\ H .1:!(j:;~ 

.II,I:,ii( (IH1.7U.i2; II')!;I (I) 
1-'l1"lll1( 1; -I .!JO:'/I.~:";H·lf·EI II 
lill III :!:'! 



PDP-II fORTRAN-77 V4.1-ll 10116:31 I"-tloy-lil 
REUSE.FTHI37 IC~/F17/'k:ftlL/WR 

003A 

0037 
003H 

c 
c 
c 

PIPEIII:1.25*I.J219'IDIftHIII.t.88832I'DISlII)t.2649' 
SIDIAHII)**1.~~491'OI~TIIli.2V05'IDIAHII)~*.H~9U2)t 
$III!;) II)) 

PIPllHI 11"1 .0051l.251.PIf'[1 I) 
COtl1lHUE 

C HEAD Of SYSTEH IN FELT 
0039 C~IOO. 

0040 H5THT:0.0 
OOH IF (lIIHIIII).GE.I:!) C=120. 
0042 HEADlt)-HSTATtIDISTIJI'lfLOWGIJ)"1.85)/II.0955* 

0043 

0044 

004!> 

0046 

C 
C 
C 
C 
C 
C 
C COST OF PUHPS. Cr,PITAL. IN DOLLARS 

C 
C 
C 
I: 
C 

:!5 
r. 
r. 
C 
C 
C 
C 
C 
C 

c 

PUHPIII·II.9/'lfLOWGIII**./8152)*IHE~DII)'* 
S.691/4Ii/./~tlfLOWUII)'*.6B914)fIHEAOII)t'.2~~25)t 
'29.lt(rLOWGII)tt.756~5Itt.J9'lfLOWG(I)**.80U~O)t 

$(HlAII(I)'*.~3109Itl.7~'(fLOWG(I).'.772401'("EAO(II 
SU.18161\) I 

COST O~' F'UHF'S, Ol'ERA1ION ~ND HUNTEtIAtICE, DUll/.k!; F'ER 1000 GAll ••• 

f'UHI'OHII)·.04'lflOWO(II'HlAD(Illt124.57'lfLOWG(I) 
•••• ~011Jltl.OV~IFlO~GII)* •• a~//51 

CUll r IllUE 

COSTS Of llRl1ARY fILTRATION, DOLLAk!; PEk 1000 GALL ••• 

GRAVITY flL Tff( CONSTRUCTIOII ..... 
U~AIJ.:~ 179'1. :j". IFLOWII1 U. 59901 It 281J6l.0:a IfLOWH ru. 69806 I 

H I J~.l~. &9* I FLOWI11 U. !,i,Jl It 804/ .. I·U I F LlI~IHl t •• ~5JO~) t 
'37a6/.1\9'lfLOWl1r.*.5VOJVlt9~21.0Y'I'LOUl1r".7j6H4)1 
'17h18.1.lfLOWHll'.5470S'tI5412.6YtlfLOWHrtt.7/t21)t 
'~~~D~.~"(fLUWHr*'.660691 

0047 GRAVC~.CRF3.GRAVC 

0048 GRnIJT6=Gk~IJCA/(365000.'fLOWHTI 
C 
C BACKWASH PUHPIHG fftCILITIES. PEAK FACTOR I!;'5 
C 

0049 BAC~C'24J9.21~1(5.fLOWHT) ••• 70004)'10~~.BJtll~t.I.O~111) •• 
,.4~1J2)t4~oa.~7~11~&fLOUHT)**.19l~11IaJ9J.J2*(13ffLUWHrlft 



PDP-II FDRTRAN-77 V~.1-13 10:16:37 l'\-Nov-a;J 
HUSE • friO 37 ICIUF 17 /ff\: .. ll/WR 

C 
OO~O ~ACKCA=CRFJ*B .. CKC 
OO~l ~~c~r6. ~~CKC~/(36~OOO.*FlOWHT) 

C 
C DUAL Hl~IA FOR FILTE~ ••••• 
C 
C 

C 
OO~~ HEDI"A;CRF3*HlDIA 
ov~·l HED r6~ IIU'I .. ,V (l6~OOO •• FLOIIHT) 

C 
C SURFACE YASHING CONSTRUCTION FACiLITIES •••• 
C 
C 
C 

OO~~ SURFC·S683.26.CfLOYH't •• 7241~).10~4.23*(FLOYH1** 

F· ...... 3 

S.7J~JY).27Y7.76*(fLOYH'**.5J~11)tl~OUB.69*(FLOIIH1** 

00~6 

0057 

OO:'B 

00~9 

C . 

C 
C 
C 
c: 
c: 

'.3)~36It3711.72*(FlOYH1 ••• ~97~41 

SURFCA~SURFC.CRF3 

SU~CTG·SURfC~/C36~000.*FlOYHTI 

C GRAVITY FILTER OPERATION AND HAINTENANCE •••• 
C 

GF:AVOH=2436. ~*,FL(JYtll't*. B6331) t862. 8U CFLGYHU*. 7:-117lt 
SI001.07*(Flow«r ••• 5JJU4) 

C 
GRVHTG~GRnVOH/C36~000.*FLOYHT) 

C 
C 
C BACKYASH FILTER OIH 
C 

0060 ~ACKOH=2:'6.39*CFLOY"T**.1310~).200.4~*CFLOYHT.*1.00431t 

0061 

t3Bt.61tCFlOYHT.*.40610) 
C 

BCKHTG=BACKOH/C36~000.*FlOW"TI 
C 
C SURFACE YASHING FACJLllIES OIH •••• 
C 

0062 SURFO"~79.~I.CFLOYH1*t.46B26ItI32.1*(FLOWHT**.97356)t 

0063 
C 

cc 
r: 
c 

SURHTO-SUHFOH/(365000 .• tlOUHT) 

C COSTS FOR STO~AGE DOLLARS PER 1000.G~LlOHS •••• 
C 
c: 
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OOH 
G06::; 
0066 
00';7 
0068 
0()69 
GG70 
0071 
QUI:! 
0073 

C 
0071 
0075 30 
0074 
0077 
OO/It 
0079 
OOBO 
OOBl 
CiCie:~ 
00B3· 
OOB" 3B 

C 
C 
C 

OOB:I 
00B6 

C 
C 
C 

00B7 
Goaa 
0069 
0090 45 
OOYl 50 
009:! 

C 
C 
r; 
I: 
t: 
C 
C 
C 

0093 
0091 
OU9~ 

C 
C 
C 

0096 

Ci091 
C 
I: 

IF (FLOWHr.UT.l0.) UO TO 30 
~fOkC·14948.*IFLOWHT**.588") 
STORL=2~960.*IFlOWHTt*.7750) 
STUKCA-SldKC*C~F4 
STOCTU-STORCA/136:1000.*FLOWHT) 
S I UtilA· ~ rOKl*l:kF4 
STOlTU=STORlA/IJ65000.tFlOWHT) 
STdkE=21679.*(tlOWHrtt.4012) 
STOREA=STOkEtCRFJ 
SrOEfG· SldK[A/IJ6~000.*FLOWHT) 

GO 10 38 
STORe·, 12746.' CFlOWHU. 12J) 
S10kl=22J06.*CFlOWHltt.8944) 
S HlkCA-·1I fIIkl:ll;I<F 4 
&'OCTU·STOkC~/I365000.tFLOWHT) 

SfOkl~~srUKL*CRF4 
STOLTu=srORLA/IJ65000.tFLOWHT) 
SldRE=3~tJ2 •• IFLOWHT.*.124G) 
STOREA=STORltCRt3 
SIOEru=srOkEA/IJ65000.*FLOWHT) 
COII1 WUE 

REPLUH~IHG COSTS •••••• 

REF'LH· 2otFLOWHT 
kEt'TU- .02 

STORAUE OEH COSTS •••••• 

IF IFLOWHT.GT.l0) GO \0 45 
srOROH=~49.*(FLOWHT**.JJ~H)t202.*IFLOW"T**.5068) 
GO 10 :10 
STOROH·640.*(FLOWHT".36974)tl06.*IFLU"Hl.~.B"~J) 
COIl r lHUE 
STOH1U-STOROH/(365000 •• FLOWHT) 

CHLORINATION COSTS •••••• 

CAPITAL •••• 
CHLORC·6110:! •• CFLouar".6J16) 
CIlLOI:(,=CRf::' ·t[:HLOkC 
CLUCIU=CHLOCft/(365000 •• FLOWHT) 

I:HLORltl(,TJDIf OIH 

CIILORH=2250. :tFLflWIITt 1/9J." IFLm.HT U. 5322)1 Hi'J •• 
• (FlOIo/H1H.on) 

l:LOH I (j =CHLO~:HI (365000. tFLOIo/IIT) 
(Ofl,L H:U,IHI."f CIIS.S ••• , 
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0098 

0099 

0100 

0101 
0102 

0103 
0104 

0105 
0101. 
0107 
01011 
0109 
0110 
0111 
Oll:! 
0113 
0111 

0115 
0116 
0117 
0118 
011'1 
Ot:!O 
0121 
012:! 
0123 

0124 
01:?~ 

0126 
0127 
0128 
0129 
0130 
O!:!l ' 
013:! 
0133 
013·\ 
01.!~ 

013t. 
0137 
01311 
0139 
OHO 
01-11 

c 

c 

C 

C 

c 

TOTRC.GRAVCt~ACKCtHlDJAt6URFCt6TORl.S10RCtCHI,ORCtS10Rl 

TOTRCA-GRAVC~.~ACKCAtHEDJAAtSUR.CAt5TORCA.STORlAtCHlOCA 

ttlHOIlEtIl[PlH 
TOTR1G-TOTRCA/C365000.*FlO~HTI 

TR10~GRAVOHtBACKOH.SURFOH.5TOROHtCHlURH 
lll'"l"G- 'rRHIHI (36:;000. t. ... ln~ilT 1 

TTHTA a l0TRCAtTRTOH 
HII no-, r I'H', AI (l£>5ilOO •• FlUWHT) 

C TOTAL COSTS. DOLLARS Plk 1000 G~lL •••••• 
H'UHf'·'O.O 
TPH'E-O.O 
rf'JPOH=O.O 
TPH.·OH"O .0 
lID 100 [-l.N 
Tf'UHP-PUHPCI)tTPUHP 
TPlf'E~PIP~(II.rp[f'E 

'f'I~OH:f'IPDH(II.TPlf'DH 

rf'HPIIH- f'UH::'Oil e [ 1 I TF'Hf'OH 
T01Al(II-CRF1.PIPl(1IfPIPOHllltCRF2*f'UHPell. 

If'UHf'OH ( I 1 
100 COIiTINUE 

c 
C 

C 

Tf'lrEn-CRf1.TPJPE 
rplf'TU-rpIP£A/(J6~000 •• FlO~HTI 
TPUHf'A-CRF2*TPUHf' 
'f'Ht' fO: H'IIHF'.iIC Jt.50ll0. 'FlOWHT 1 
TPOH'O·TPIPUH/(36~OOO •• FLDWHT) 
nil' II;: 'PI1POHI (Jl,:.i':I00. ,tt'lllWill ) 
TOPLn=TPIFEAtTf'UHPAtTPJPoH.rpH~OH 
lIlI'LlO-TOPLA/(36~000.aFLOWH1) 

TOTA-l0PLAtITHTA 
TUTArG-rOf'LTGtTTHTTG 

WRITE 13.30:5) REOION.ll.J1.K1.TIH 
URI "[ IJ.::!OSI 
URIll (3.2001 AREATO 
URllE (3.::!101 HOIUIT 
URJH (3.220) GRAVC.GRAVCA.GRAVIO 
UP:I rt: (J,2~~!) ~AC~C.D~CKC~,B~CKTn 
URllE (3.2241 HE~IA.HEDJAA.HEDrG 
1~IlIfE (3.226) sUlirc. tillkH;.i, tiUHC I 0 
~11\1 TE (3.2:!8) Cl0RC.SIURcn.~rOCIO 
lJr.d I[ (J,231l) STlII,I., 61 Ukl.l .. S IIll I (I 
WRITE (3.231) STOkE.S1OHEn,H1UlIO 

.1.RUt: (J, :!:I.!) CHlOKC.CHLOCA.ClOCT6 
IIrdll (3.2.1:1) REP!.H. R~ I'TI; 
\.I~: lIE (3.231) GRfo'JllH. 6k"Jtl I (j 

WRITE IJ.:!J6) (li.Ct;ut1. "CI.h I G 
I-JldlE (J,:!JO) Sllkl' lIil. Sill; 1'1 10 
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0142 
0143 
01401 
01·1:.i 
OJ.l6 
OJ.l7 
0141i 
Ot~9 
Ot~O 
Ot51 
01~:! 

0153 
01~·' 
01::"~ 

01St. 
015"1 
01511 

0159 
OUO 
0161 

0162 
0163 
016~ 
0165 
0166 
0167 
01411 
0169 

0170 
0171 

·0174 

017~ 

0176 

0177 

017E! 

0179 

OIBO 

. 0101 

URITE l:s.2·10) STOROH.STOH1O 
'JIB It: 13.:!4:n ClIlOtiH.CLOH.[n 
WRIJE 13,244 ) TOT~C,lOlRC~,T01RTG 
UtU rf (:t,:'.,.!.) lId 011, II-:THTG 
WRITE (3,:!~O) I1H1A.T'II;ll0 
URIIE (3,2::10) lPIP~.IPIPEA.TPIPTG 
URIII:. eJ,:!!..:!) U·U·OH.lf·IHG 
'ItHI::: (3,Z:';1' H·UtlF·.1 PUIW;'. TPHF'J(i 
WRITE (3,256) TPHt'OH, I HnG 
'Ik lit:: (J.2::10) JIIF'Lr •• Ttlt'l I G 
WRITE (J,2,!,0) TOT A • TO H.TG 

C 
UUTE (3,305) REGIOH.II.JI.KI.11H 
'JRllf 13.300) 
URITE (l,302) 
UfO If 13,340) 
1.0 1311 1=I.N 

138 URITE·13.330) PIPID(I),AREA(I).DlftH(I).~ISTII).PIPEIJ). 
SPIPOH(I).PUHPIII.PUtlPOHI.).TOlM.(11 

"'RIlE Cl.340) 
140 FURII"tT (1060) 
145 FORHnl I1X.·*·,IX.·PIPID·,5X.·ftRl:.ft·,3X 

S·DIAH·,JX.·DISJANCE·tX.·*·,/) 
147 FORHAI I1X,J61"')) 
t48 FORMAT CIX.(·'·),31X,I·.·)) 
150 FORHAT (lX.·.·.2X.A2.5X.F6.0.4X.F3.0.4X.F6.0.2X.·.·) 
155 FORH~T (lX,A2.8X,F6.0,5X,f6.01 
165 FORHAT C·1·.3X,A60.11) 
168 FORHAJ (F6.0) 
200 FORHAI CIX.·lOIAl AREA·.T50.F12.2,· ACRlS',/) 
20::; FORMAT CIX,·ITt::H·.l:.i~.·CAf. COSJ·.T~O,·AHl. C05T·,T120. 

"um1 CltST',II) 
210 FORHAI I1x.·TorAl FlOW'.JSO.F12.2' HGD'./) 
220 FORHnT (lX,'GRAVITY FILTER CltHETRUC1IOH COST',T50,F12.2, 

,'t·.IHO.F12.2." PER YEAk·.T110,f12.J.·. P~R rG·./) 
222 FORHAT C1)(, 'flACI\Uf,SII fACILITIES COST·.T:i0.F12.2, '$' 

S.ISO,~12.2.·. PER Y~~R·.T110,f12.3,·t PlR TG·./) 
224 fORHf.l (IX. 'FllTR,HlIm Hf.ltIrt HATERIAlS CIIST· .. J50.fI2.?, 

.·.·.JeO.F12.2.·$ PER YfAR·.1110.F12.&,·. fLR rO',/) 
226 FORHAl (lX.·SURFACE "'~SHI"G FftCILITIES COST·.150,FJ2.2. 

"$·.1~O,F12.2." P~R YE~R'.rtI0.F12.&,·. PL~ TG',/) 
228 FORMAf (IX.'STORAGE COHSTRUCTIU" COUT·,T50.FI2.2,·~·, 

'Tao.F12.2,·' PE~ YfAR·,rl10.F12.J.·. PFR TG·./) 
230 FORHAT (JX.·SlORAGE lIHIHG COS1·,T50,F12.2,·.·. 

STaU,Fl2.2.·$ P~R YE~R·.T110,F1~.J,·' PER 16',/) 
231 FOR HAT (lX,·STORAGI:. ExcnVAIIOH COST·.T50.fI2.2, 

•• .• ·dIlO,F12.2,·. PEIl YEAR·dIJO,I'I:!.:!,·'Pf.I' TG''') 
23:! FORM"T (lX. ·CHlORIII.HIOtl FACllIrIES CIJ!:>I' ,T::OIi.FI2.2, 

.·.·,TSQ,F12.2.·. rik IEAM·.TlI0,F1J.j,·, vlR TG·./) 
233 FORHAI C1X.·REPlUHflIHG COSTH·,1~O,FJ2.2, 

t •• f'rR YE ... R·" 11 0, F I 2.3, •• I'I,H Ttl', /) 
234 FORMAl lix.·ORAVllY FILTER OPl~nlJ"L CO"T·,T80,F1~.:!, 

,., F'LI'; YI:.'\I\·. 1110,F1:! .. ~.·. ~'n( lIi'II) 
236 FUJiHAJ (IX, • [<;,C 1\, ..... 5 II H,CII.llll:; III'U,AJIIIG I:II!)I', JUO.FI:-.:! • 

• '. 1'1." I,:M,' dl10,t l:!.J,·. ~·u~ I •. ;' ,I) 

• 
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01S~ 

0183 

018 .. 

Ol8S 

01S6 

01S7 

01S0 

0189 

0190 

0191 

0192 

0193 

0194 

019:'; 

0196 
0197 

0198 
019'i' 
0200 

238 FORHAT (IX, 'SURFACE WASHItIG F;,CIlITIES IIl'FRfIIltm COST', 
ITSO,fl;l.2, 
$" PER Y~AR','110,FI2.3," PER TO',II 

2-10 FURH~1 (IX,'STORA6£ OP~RAfIHG COST', 
tTSO.FI2.2.', Pl~ YE~R',lI10,F12.3." PER TG',/I 

:!42 fORH;H (IX,'ClilORII'ATlIJN .W£IlArllfG COlir', 
STSO,FI2.2,'S PE~ Yl~R',IIIO,FI2,3," PER TO',II 

244 fORHAT (IX,'TH~ATHEIIT CAPIrAl COSfS'.rso.F12,~."" 
STBO,FI2,2,'. P~R Yf~R',TII0.FI2,3." PER 'G'\/I 

2,16 FORH,H (lX,'TR~I\·'HOI1 Of', H,'tIN. CIISIS', 
STSO,FI2.:!,'$ PER Yl~R',T/IO,FI2,3," PlR TG',II 

240 FORHnf (IX,'rUrAl fREArll~lIr Cllurs, AHI.', 
.TBO,f12,2,'. PEf( YlAR',TIIO,FI2.l,'. PER TO',/) 

2S0 FIIRH,ll C1 X, 'P IPfS, CUllS rIlUCllU» .;05 r' r1::i0, F12. 2,'.' , 
.THII,FI2,2,'S PER YEAR',TII0,f/2,3,'S PlR lL',/) 

2S2 fOkHnr (IX,'PIP~S, OP. HAIIi. CUSfS', 
'T~0.F'2.2," PER YEI\R',rII0,FI~.3,'S PlR rG',/1 

2~4 FO~H~f Clx,'rUHrs, CAP. cos'~',r~0,FI2.2,'t', 
STao,t12.~," PER YEAR',lII0,FI2.3,'. PER TG',II 

2:16 FllkHM (IX,'.'UHt'S, 01', HAIII. CUlifll', 
sr80,F12.2,'S PER YEAR',rII0,FI2.3,'S PER TO',/) 

2:;0 FORlir,f CIX, 'lOrAI. PIf't:L1.'E cmilS, AN.!.', 
STaO,FI2.~," PER YEAR',TIIO,fI2.3," PER lU',/1 

260 .... ,RI1,H (IX,' rOTAlCOS I·,,' , 
.Tuo,FI2.2,'$ PER YlAR',1110,F12.3,'S PEk TG',/) 

lOO fUKl1nr CIX,'PIPEIU',tX,'ARlA',2X,'uIAHErER',2X, 

302 

30:1 
3JO 

3-10 

~'[.Hd' .10lC, 
$'PIPE CD5T',IOX,'PIPE OH C05T',7lC,'PUHP C051',9lC, 
.' F'IIP OH tos f' , ax, 'TDTCUS r' I 

FDRHAT CI2X,'hC',~X,'JII',7X,'FT',16X,'S',1~X, 

S" ~'~R YR',lJX,'S',14X,'. PEIl YR'olOX,'S PER '(R',I) 
FORHAT l'I',9X,A60.T102,12,'I',12,'I',1~,5lC,A8,'I) 

FOkHnT CIX,'*',IX,~3,~X,fS,O,~X,F3.0,~X.f~.0,4CBX.Fl0.0I.0X, 

.FI0,2,3)(,'.',/) 
fORHA' CIX,120I'.') 
5·, OF' 
:::1111 
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F'RO',;!,"H 5ECTlDtis 

tlu.,be r 11 .... 1t siz8 AllrU"JLals 

SCOlIEl 01J0~:! 2837 RY,I,COlhLCL 
2 SF'II"TA 005006 l:!BJ RY,[I,COt-!,LCL 
J UIIAIA 00()110 4B KY,[I,CU/hLCL 
4 .V .. F:s 00102~ 267 RW, [I, (:Ot: ,LCL 
5 HlHf'S 000010 ~ IlY,[o,COllrlCL 
8 •••••• 000052 21 RW ,.[1, IIVIl, 01<1., Sl\V 

VARII\PLEs 

N .... " T,.PIt Addrltss N;:"8 TUP8 AddretHi N ... e l\Jf·~ Addrltss Ib,u, 1 up. l\oJdrass N ... 1t Typo Addra55 

AREATI) At4 4-000'152 IU,CKC Rt1 1\-000:;12 llAI~K(:A RS. 4-000516 llACKOK R*4 4-000ti:12 BACKTO Rt4 4-000522 
BCI\tI1" 0 RH 4-0005:16 C 1\*4 4-000444 CHLOCA R$4 4·-000662 CHLORC Rt4 4-·000(.56 CHLORK R*4 4-000672 
CLOCTO f(H 4-000H6 CLO"TO RH 4-0006'6 CRFt f(H 4-000416 CH2 IH:4 1-000122 CRfJ IlH '1-000426 
CRf1 RH 4-000H:! CRFS RH 4-000436 FLOYIiT R~'I 4-'OO015{. HOUKT RH 4·-000162 ORAVC RiJ4 4-000476 
ORA'JCA R1.4 4-000502 OR,WO" 1lt.4 4-000:;4:! fil(,WrO R:t:4 4-000506 OR'JIH6 RH 4-000546 HSHIT RH 4-00047:! 
1 1*2 4-000442 11 U:! 4·'OOOH4 Jl It2 4·-000416 1'1 U:! I\'·0001S0 HE [I 1(, RH 4-0002~0 

HEDIM R*4 4-000211 H£DTO RH 4-000250 N u:! 8-000050 REOIUll CHR 4-000300 r<l::PLH RH 1-000636 
REnO RH 4-000642 sTOC10 R:H '1-000606 sTOETG R:t:4 4-000/.:12 sTOLlO At4 4-000416 sTOH10 RH 4-000652 
slORC R*1 1-000572 srORCA IlH 4-0006C:.! STURE Rt.1 ·1 -(l006::':.! STOR£" RH 4-000[026 SlORL R:t:4 4-000576 
STORLA RH 4-000612 STOROH R:r.4 4-·00064[0 SU~:CTO RH 4-000:,36 filJl·:FC k:(: " 4-000526 SUkFCA RH 4-000532 
SURFOH 1\*1 4-0005,~:,! SURKTO RS. 4-000~i.\6 TIH Cllk 1-000374 rHF'TO IlH 4-()0101;2 TOF"-A R:t:4 4-001006 
TOF'LlO RH "-001012 10TA RH 4-001016 tOTATO R'" 4-00102::! TOlkC RH 1-·000702 TOTReA RH 4-000706 I-' 

" lDrRrO Rt4 4-1)00712 WIPE F;t.1 4-000742 fF'If'f:A RH 4-000/:i6 1"1" [f'UH R.,4 1-000746 TPIf'TO R ... 1-000762 ~ 
TF'HF'OH R*4 4-000752 l~'"PTO RH 4-00C77:! If'OHI"O R$4 1·-0(,0776 TF'UIU' RH " ·000736 Tf'UHf'A RH 4-·000766 --J 
TRIHTO R*4 4-000722 rR rUH R ..... • "-0001l6 TJilH, R*1 4-000126 T'-"lrO 1l*1 4-000732 

ARRAYS 

N ... e T~P8 Addralis Slzlt . D1I1Itr,5.10115 

IIREA Rt" 11-000000 00.002" to (5) 
lllAK RH 8-00002" 000021 10 (!i) 

[115 r R*4 "-0002~4 000021 10 (5) 

FlOIIO RH "-000170 000021 10 (5) 
FLOW" RH 1-000144 000024 10 (5) 
IIEAlI F:H 4-000120 000024 10 (:I) 

PIf'I:: R:t.4 4-0000')0 0001l~4 10 (5) 
1·'If'11l CUR 4-000404 OCOOI:! 5 (5) 
F'If'OH Rt-1 1-!h)C::'t1 000024 10 (5) 
F'UHf' RH 4-000024 00(j0:!~ 10 (5) 

f·'UHPUK RH 1-IlOOO:II) OOIlOH 10 (S) 
101(,1 RH 4-000074 000021 10 (5) 

tllllELS 

L"bo;l 1 .. ld r",.5 L.abOll Ad.Jt'I!Ii:i L .. l.oel (,tStJ r":i.i L .. lo,,) AoJdr .. ",,. Lab ... H"'drt!!i~ 
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:; .. 10 *' :10 1-0016:;4 ~:! t -0022!-.6 2:1 .. 
30 I-OObOIO 3a 1-00£266 . ,:; 1-0116136 :50 I-OOl.:i30 100 ** 1311 H I~O' :1-000000 14~" :!-OOClO(JoI 147' 2- 00006·1 140' *' 1:i0' :1-000074 1 : .. :J" :1-00013:1 16S' 2-0001:5:! 1 :,8' H 200' 2-000164 
:!o~" :!-OOO:!2:! 210' :1-000304 220' 2-000HO 222' 2 -01J0·I:l6 224' 2",000564 
:!:!6' :.!-Olj(i700 :!".!S' 2-001014 2JO' :,!-001l2~ . :.!j l' 'l-0,1122:! 232' 2-001324 
~3J' :1-0010140 234' 2-001:124 :136' :1. OOl43:! :1311' 2 .. 001/42 240" 2-002042 
~4:!" :.!-OO;!I :;6 :!H' 2-002240 :144' 2-00:!J64 240' :J-00:.!464 2~O' 2-002566 
2!.i2' 2-002674 :!S4' :1-00:!770 2:56' 2"003066 2:50' 2 .. 003162 240' 2··003262 
300' 2-00JJH 3(;:!' ;'!-00J:'i20 3.):" 2-00:J620 3:!O' 2-00J652 340' 2-003726 

fUtlCTlONS AND SUBROUTINES REfERENCED 

IDAlE OPl:llt OPHN 'r IHE 
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14-11"\1-83 F' .. .-I., 10 

0001 
0002 

OOOJ 
6004 
0005 
ooot. 
0007 

OOOf' 

0009 

0010 

0011 
0012 
001l 
0014 
001:; 
OGI6 
0017 

0018 

001'1 

0020 
0021 
OO::!::! 
OO::!~\ 

(iO:!4 
oo::!t, 
0026 
00:!7 
0028 
0029 
G030 
(l(lll 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
50 

C 

aUftROUrll.E Of'UH 
COHHON ~REA,DIAH,II 

HU~~OUrIH~ OPT'H IHODIFIED) 
lHIS SUftROUTIHE PICKS ~N OP1IHUH DIAHETER OF 1'1 PIPFLIHF, UDING 
OPTIHIZftT10U TECHI/IOUrS TO PE~fu~H THE IRADlOfF ~ETU~EH LARGER 
DIAHETER PIPES WITH HIGHER COHSTRUCTIOH COUTC nHDLO~ER FUHPIHG 
COS rSi Milt SH.'U.ER IIIflHEllR :-' H'l\i unH LU",t.R t:UlIsnWClIOi. cos l!:i, 
fiND HIGH~R PUHPING COSTS ••••••• 

OIHEHSIOII VIAH(5),DIAH5(5),AREA(5),FLOUGI5) 
R~:! 

llO 1000 1=I,N 
FLOUOII)=AREAII)'Rt.2.69J7 
0I,'HII)=5 

DIAHI IS THE TOTAL COST OF THE PIPELINE, ""U DIAH2 IS THE 
SECOliD (iERIVATIIJE .... 

FIRST, FOR PVC PIPE ••••• 

OIAH1·.0l01*IDIAH(I)'*t(-.741J)t.OJ265tIDIAHII))*t.~aJ?

t2.0/E-1tfLOWijll'**2.85*IDIAHII))111-5.H6) 
DIAH::!~-.00749*(DIftH(I))*'I-l.7~lJ)t.025~7*IDlnHll))**-.:!168+ 

tl.:!lJE-3t(FLOUG(I).t2.85)'OlftHII)t*-6.86 
OIAH5II)=DJAHII)-IDIAHI/DIAH:!) 

C £PS 15 THE ERROR TERH, EPSILON 
C 

EP6n~BS(UIAH511)-DJAH(I) 
IF (EPS.LT •• OOOOt) 60 TO 100 
OIAHIII-DIAH5(I) 
liD .-u 50 

100 IF (DIAHIII.OT.12) GO 10 200 
UD -Tn :iOO 

200 DIAHII);DIAH511) 
C 
C FOR DUI PIPE ••••• 
C 
C 
JOO DIAH1 •• 04382.(DIAH(J)"*I-.11168't.06254t.(h)fI"CI)**.~~49 

500 

.t.OJY24.(DI~HII))"I-.110181-2.YO£-~*fLOW~(II*'2.85.COIAHII)) 
IUI-5.861 

DIAH2=-.004B9*(PJA"IJ»)j*(-1.11168It.OJ470tIOIAH(JII**(-.4451)-
t.001J2*(OIAH'I)I**(-1.110181+1.6"£-~*fLUWUII)*'2.35' 
$(PIAHII)'*(-6.86)1 

OIAH5IJI=DIAMII'-IDJI'I"1/DIAH2) 
EPS'A~S(DIAH5(1)-DJ~HIJ») 
IF IEPS.LT •• OOOOI) GU 10 ~OO 
['IAHI I) ~rIlAh:H J) 
UO IU _100 
PIAMIII=DI~H~CJ) 

IF (DI~"C(l.LT.JI DIA"IJ).4. 
If (OIAHCI}.GE.5 .ANP. U)~"IJI.LT.7) D)~H(JI.6. 

JF ID((,III(I.61':.7 .AIlIt. [tJ,)I1<II.l.r.Y) [11O,HII,=a. 
IF (1t1';HIII.6£.9 .ANP. OlnHel'.LT.ll) [lJ';H(J)'10. 
If 1 ['litH e I I • l.iE • \ 1 • AIIII. I' [MH I I .1. T • I J) T'I "'1, IJ - 12. 
IF IDIAH(I).G~.lJ .~HIt. ItlAHll).LT.l~) ItlnH(I)=14. 



P~P-li FURTRAN-/7 V4.1-ll 101171l1J 1'i):J., It 
UloTl". FTN I J:i ICK/F77/TklALL/WR 

0032 ,F Ibl~HI').OE.I~ .~ND. PIAHII).Lr.17) PIAHII).16. 
003l IF IIIrr."IJ).GE,17 ./otW. [IJ(.HCI ).LT.19) ['l~"(J)=IB. 

0034 IF IIIIA"ll).6E.19 .AN". III~HIl).LT,;!;!) "JAHII)~;!O, 
OO]~ IF IPIAHII).GE.22 ,A~b. PtAHII).LT.;!7) PIAHll)-24. 
OOJ6 IF III'ft"ll).6E.27 .ANP. PfnHIl).LT.lJ) IIlhHll) JO, 
0017 IF IIIIAHII).GE.ll .ANU. PIAHII).LI.l9) PIAHll)-36. 
0030 U- Ill/(,HII).IiE.J'lI .(,110. (1((,Hll).Ll.4:U III,'HII)-12. 
OOlY IF IIII""ll).OE.45 .AHu. DIAHll).LT.40) IIJAHI)-4H. 
OlHO If ((01:./1Itl.GE.49 .AND. OIAHII).LT.:ill IJlf.HIIl'4:J. 
0041 IF Ibl"HII).GE.~l) II)~Hll)=O. 

C TH.S LA~r LIIIE H~KE~ IT PUSS1~LE ro CHECK IF rwo PlfELllIES NEED 
C TO SERVI:: THl ,'RE~. 1<ECAU!;E IT WILL 1<[ THE ONt Y C~SE If TUl COIHB 
C EDUAL ZERO UlrH LARUE "REnS ••••• 

0042 JOOO COHTIHUE 
00~3 REf URN 
0044 END 

...... 
lJI 
o 



~~P-ll FORTRAH-77 V4.1-13 10117118 14-Noy-8J 
OPTIM.FfHI35 IC~/F17/1R:ALL/UR 

PROGRAM SECTIONS 

Nu.,L~' Nalte Size Attrlbut.lI 

.COIIO 00U70 1148 R'h.,COIhLCl 
2 tHIA rio (;00164 5U RUdl,CON,lCl 
J U(I' ... II 000010 16 "'101,0, COIl. Lel. 
4 H','RS 000072 :!9 RU,Jl,COtl,LCl 
:; Hlr1l'S 001l()10 'I "'W,",CUII,lCl 
U •••••• (;000:;2 21 RW,O,OUk,GBl,SAV 

ENTRY POUI,.S 

HOI •• T",.. Add, ••• Na •• Tup~ Addr ••• H ••• T",.t' tltld'.UI: HiI •• T",.. Add,.,;;. N ••• Tu,.. Addr ••• 

OPTJ" 1-000000 

VARItlJjlES 

'Ia.t! Tv,.. Add, ••• HiI •• Tv,.c Add,." .. Ha •• Tu,." tltld rot. s NoJ •• T",.. Addr.li. Na •• Tv ... Addr ••• 

DIA"l ft.4 4-0110056 011\"2 R •• 4-110001>2 EPS RH 4"0000l,6 1t2 4-000054 N 1t2 8-0000:50 
R RH 4-00(;0:;0 .. 

ARRAY8 

Na •• Tv,.. Addr ••• Biz. Di •• "l.ion. 

AREA R*'I 8-000000 000024 10 (51 
rll,'M U4 8-0000:!4 000024 10 (5) 
[11(,M5 RH 4-(0001)0 000024 10 (5) 
FLOWG kH 4-000024 000024 10 (51 

lABELS 

label Addre". label Addre ... lolbel Atldrol.c; laLel Addr."'t> l.bel Add,,· •• 

50 1-000222 100 1-001150 200 1-001220 , JOO 1-001254 500 1-002JJ6' 
1000 U 

Tot .. l S,.ace AllocoitOid . 004770 1276 



ROYAL PAL" ~EACH ~01 SU~RtGIUH. CEH. P.~. REO •• All 

**'*$t***~~~********************'~'* * PIPIP AREA DIAN DISTftNCE * 
* ~ J86. 12. 6200. * 
t ~ 175. S. 12~O.. * C 211. 10. 9920. * 
'P 170. B. 1700.. * E 41. 4. 9920. t. 

*.**'********.~** •• *****.*********~. 



ROYAL PAL" B~ACH 201 SUBREOION. CEtl. F'. B. REG •• t.LL ll11V83 10118:24 

ITE" CM'. t:OST "Hl. COST UNIT COST 

TOTAL tlREA 386.00 ACkES 

TOTAL FLOW :.!.99 t\liI' 

ORAVllY .ILTER COtlSTRUCTl ON COST 320669.3U 37665.02' PEk nAft 0.03'" F'ER 10 

BACKWASH fACILIrIESCOST 686~6.5U D063.:.!:!$ F'LR YEAR O.OOll PER TO 

FILTkATION "EDIA "ATERIALS COST 15711.49' 184:'.82' PER Yl:.l,R 0.002' PER 10 

SURFACE WASHING FACILITIES COST :;::117(\.141 6101.22' I'fR YEAR 0.0061 PER TG 

STOkAGE CONSTRUCTION COST J23~2.11' 3431.91$ PER YEAR 0.003$ PEk 10 

STORAGE LINING CIlST A0737.00' 644J.Olt pER YEAR O.OOAt PER TG 

STORAGE EXCAVATIOtl COST 33004.4:" 3980.07. PER YEAR O.OOH PER TO 

CHLORINATIUN FACILI'I~S COST 1221~J.20' 16059. 'lilt ,n:R YEAR 0.015. PER TO 

REPLU"BINO COSTS 59.89. PER HAR 0.020. PER TG 

ORAVlry FILrER OPERATING COST '1'161.91$ I'ER YEAR 0.009. PER TO 

BACKWASH FACILITIES OPERATING eOlil 1495.79$ F'ER YI::Ak O.OOlt PER 10 ~ 

Ln 

SURfAt:E W~SHIHU FACILITlfS UPU,/HlliO COST 7"'.6A. F'ER YEAR 0.001t PER TO W 

IHOla.GE OPERATINO eOH 1143.02. F'ER YEAR 0.001' PER TO 

CHLORINATION OPI:.HArlNG COST 10\819.111 PER YEAR ·0.014. PER TG 

TREATHEtH CAPITAL COSTS 70933A.06t 11393~.J8$ PE;R YEAR b.IOH PER TO 

TRfArHI::IH Of'. HAttl. CUSTS 28219.:)7$ PER YEAR 0.02At PER TG 

TOTAL TREATHENT COSTS. AHZ. 1421:'4.9:'. F'ER HAR 0.130. f'ER 10 

PIF'ES. COilS rfwc'r 1011 COST 279:'61.9H· 29467. tI:.!t .'I::R YEAR 0.027$ PER TG 

PIn.s. OP. HAIN. COSTS 1118.34$ F'Ek Yl:.AR 0.027' PER lG 

PU"f'S. CiII'. CIISTS 1:.!16H.66' 190J3.74$ f'fR 'lEAR 0.017$ PER TG 

PUH.'S. OF'. "AIN. COSTS 41464.01$ F'ER YEIIR O.OJliII PER TO 

TOTAL I'IF'I::LWE cOIn!>. AHZ. 9110J.9U PER YEAR O.OOH PER TG 

T01A1 COSTS 23J2511.&I'" .'I::R n:(.R 0.213t f'ER TG 



PH'EIO 

ROynl PAL" BEACH ~01 SUB~EG'UH. C~H. P.B. RlU •• All 

AREA OIA"1::1ER DIST 
AC I" Fl 

F'JF'[ COSl 

• 
PIf'E 0" CO!>T 

• I'ER YR 

11/14183 

P"~' OH con 
• PER YR 

TOICOSI 
• PER YR 

*.*.********~.* •• *.**.*.*.**.*~*.tt.****t ••• ~.t*.~ •• t.* ••• ***t*t*$t.*** ••• *.* •••• *.* •• ~ •• *.*t.t** •• t.**t ••• *** ••• * •• * ••• ** ••• *,. 
• A JlI ... I:!. .. :!oo. l1t'.!:j4. 5tS. 3'iO .. 5. 12657. 342J2.83 • 
• 1:1 175. 8. 1220. 8107. 33. 1568:!. :;579. 8927,10 • 
* C ~!ll. 10. 'i920. 96:';05. ;J8h. J1672. 10639. 26159.04 • 
* 0 170. 8. 1700. H 380. .. ... 10997. 586 ... 9771.30 • 
• E 11. ... 9'i:.!0 • 2'2280. 89. lS:l29. 6722. 12013.:;8 • 

,! 

,,' 



FIRST CASE 

0.0 5.0 10.G 15.0 20.0 2 .0 30.0 35.0 40.0 .0 50.0 

DIAMETER IN INCHES 

FIGURE B-1: FIRST DERIVATIVE OF COST EQUATION VS. DIAMETER OF PIPE, FIRST CASE 

..... 
U1 
U1 



SECOND CASE 
10.0 

1.0 

6.0 

LO 

2.0 

• 

-10.0r-______ ~--------~--------~------_,r_------_T--------,_--------~------_,r_------_r------__, 
0.0 5.0 10.0 15.0 20.0 25.0 30.0 . 35.0 40.0 45.0 50.0 

DIAMETER IN INCHES 

FIGURE B-2: FIRST DERIVATIVE OF COST EQUATION VS. DIAMETER OF PIPE, SECOND CASE 
I 



FIRST CASE 

0.0 5.0 10.0 IS.O 20.0 25.0 30.0 3S.0 40.0 45.0 50.·0 

DIRMETER IN INCHES 

FIGURE B-3: COST OF PIPE FROM COST EQUATION VS. DIAMETER OF PIPE, FIRST CASE 

..... 
lJ1 
-..,J 

.. 



SECOND CASE 
10.0 

O'~~-------r--------r--------r--------~------~--------'--------'--------'--------'--------. 
0.0 5.0 10.0 16.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 

DIRMETER IN INCHES 

FIGURE B-4: COST OF PIPE FROM COST EQUATION VS. DIAMETER OF PIPE, SECOND CASE 

..... 
lJ1 
00 



APPENDIX C: 

MPOS PROGRAMS 

AND SAMPLE OUTPUT 



REGULAR 
VARIABLES 
Gr.77.P~~~.Gr.7q.Gr31,r,C7B,p~e5,GCZO,PK20.PKlq.r,C57 

~AXIMIZ~ 

GC77 
CQN~TRAINTS 

PK6~ + GC7q .lE. 204332.q~ 

GC57 + PKIQ .LE. 13~A7B.7B 
GC57 + PK20 .lE. 1336Q7.~2 

P~lq + P~20 .LE. ~Q'-0~.16 
GC7Q + Gr.57 .lE. 17~932.61 
GC57 + PKIQ + P~20 .L~. 15~222.Q5 
PK66 +GC7Q + GC77+ GC31 + GC7e .LE. ~59675.7· 
GC79 + GC77 + GC31 + GC7E .LE. 41P533.46 
Gr.31 + GC7Q + GC7P .LF. 402~4?4Z 
PK6~ + GC7Q + GC57 + PKIQ .LE. ~4537~.4? 

PKb~ + r.C7Q + GC57 + PK20 .LE. Z4~~33.?? 

GC7Q + GC57 + PK?O + PK1Q .LE. 21~626.87 
GC57 + PK20 + D~lQ + GC20 .LE. 167952.22 
GC77 + PK66 + GC57 + PKlo + PK20 + Gr.~j .LE. 436489.06 
~C57 + P~lQ + DK20 + GC20 + PK~5 + GC7P + GC7Q + GC31 .lE. 4@4b07.40 
GC57 + P~lQ + PK20 + GC20 + PK~5 + GC7~ + GC7Q + GC31 

+ GC77 + PK66 • 727136.21 
GC77 + PK66 + GC57 + PKIQ + PK2u + GCZO .lE. 661C~?27 
BnUND~ 

PKbp .L~. 144257.0B 
GC7Q .LE. PQ~62.58 

GC57 .L~. 101545.00 
PKIQ .IF. 45602.55 
GC57 .lE. 116776.50 
PKlO .lE. 45421.40 
RNGORJ 
RNGRHS 
PRINT 
r.PTIMIZE 

.. ..~ I 

160 



151 

•• * •••• * •••••• *** ••••••••••• ** •••• * •• 
* * 
* to P ~ S 
• • IJEP<;II'JN 4.0 
• 
* "'tiL TI-pIIPpnO:F 

* 

PEGIILAO 
V"PIM'L~" 
GC''',r.c ~O. GC70 
"'AlC!"JZE 
GC?2 
r 0 N'i TP b PHS 

nPTI"I7ATlI'1'" 

1. r.C?2 + r,ChO .LE. eq7~o.10 
2. r.C'2 + G;'70 .L~. 1~c~~1.53 

3. GC~O + GC70 .LE. 15e013.~q 
4. GC" + GC~O + ~C70 • 1;7740.10 
5. GC~2 .LE. el~4q.n4 

6. GCbO .lE. 737?~.S; 
7. r-C70 .L~. 5q47~.Ce 

~~)GQ<\J 

p~lr, Rio!" 
PPINT 
nPTytol1E 

• 
• • • 

SYSTE .. • • 



162 
• 

~e~~LAR 

VA~!A8L~S 
,~~,b~l~,GCl;'b~l~,C~~,~Cj~,CM~,~~o~,C~o,GC~j,GC~~,GC~~ 

~~~"G~~~,~C~~,G~'b~,CM~,CM7,~~oj,GC,!,~C~u,GC~A"GC,~,GC71,GC35 
MAA1Mi,~ 

~~~o 
~u~~l~_!~T) 

•• ~C3, + GC3~ .Lt • • ~7~~l.~5 
~. v~,~ + vC5~ .Lt. oOO~J.~3 
~. bCb~ + ~~~c~ .L~. ~~c~!~.l! 
~. ~~b~ + ~~~l .Le. 17~oi.~1 
,. v~~t + ~~b~ + b~~~ .L~ ••• ~UC!.~~ 
O. b~'. + ~C~~ + ~Mo + C~7 .L~. l~,,~~.~l 
7. G~,~ + G~,~ + Ge" .L~. Z7U'Ub.'~ 
o. bC~~ + GC3, + ~~, + CMe .L~. l~~~Ub.CZ 

•• b~~~ + ~~,! + b~jU + C~~ .L~. '~7~oc.5j .u. ~~!A' + CM~ .~e. ,c7~3,.10 
••• ~CoJ + ~C;! + GCI •• Le. o5j~'~.3u 
.,. ~~,o, + bC3, .Lt. ~~j7~t.bl 
.3. ~~Z~ + GC2~ + b~l' + ~L~~ + ~C3~ + CM' + ~"C .L~. ~!'blC.3; 
.~. b~~. + b~;~ + ~~c + LM7 + b~3= + b~~' + c"~ + ~~c .Lt. 31Z~~~.17 
.;. bC~O + bCb~ + b~1~ + b~'Q' + bC~' .Lt. ,~~o'7.o7 
.0. ~L~t + bCO~ + ~c~~ + b~Cj • ~C5! + ~~7 •• Lt. bo57'~.~~ .7. b~30 + bCb~ + bL~~ + bCCj + bC,. + b~7. + 

~L~~ + ~C,. + G~,v + LH~ .Lt. !.'.l¥i.7J 
.~. G~Jo + ~Cb~ + b~~3 + b~C~ + ~C,i + b~7l + 

b~,OZ + bC~, .L~. l~c'~c~.'U 
.~. bC~. + GC'~ + ~Mo + ~~i + ~C,~ + G~,J + b~" + 

bC~l + ~Cl, + CM, + C~Q .LL; •• ~uo.l.~~ 
,~. ~~~~ + 'Ci. + bC;O + ~~~ + GL1~, + ~~~ + 

b~Cj + bC;. + G". + b~~O + ~Co~ + bC~~ .Le. !~5~,q,.~, 

l •• GC~~ + GC'. + G~,O • CM~'+ GC1AZ + C~~ + 
b~O' + be;. + GC1. + ~~:Q + b~O~ + GL~3 + b~2bZ + GC), .LE. !o~777~.7l 

'Z. ~L'~ + GeZ3 + G~~~ + bC~~ + GCZ. + b~'O + CM~ + Gee' + GC'! + ~C7! + 
~~,~, + GC~; + b~~b + ~~C~ + ~~~= + bCJ~ + ~C~l • C~; + 
L~c .L~. ~l~~U~'.Cb 

i~. bC,~ + bC,~ + tMe + ~~7 + bCZ~ • bL~~ + bCZ, + 
b~~~ + be,! • bt;~ + L~~ + b~lAZ + '~i + ~,~, + ~C5l + iC'! + 
b~~O' + bL~' • ~~~o + ~~o~ + b~~l + GCJ~ + bC3l + CM; + 'Me .!b'70~~.C3 
dGu~~~ 

G~b4 .~e. ,'G~l." 
bC~~ .Le. ~,ouo.'~ 
b~~Q .Le. ~~.~o.o= 
b~,b, .Lt. j~,~e •• ~, 
~,,~ .L~. ~~~~; .• ~ 
Gt,~ .Le. ,o,;~.~~ 

~~~~ .Le •• Jgj'~.oo 
~~~, .L~. 7~~;b.o! 

K~~~~~ 

K~~~"~ 
~~!~T 

uPl!~l'c 



16:; 

N~DIHWEST~RN UNIV~~SITY 

••••••••••••••••••••••••••••••••••••• • • • .. P C' S • • • • IJEIISII')N 4.0 • • • • ~UlTI-PURPOSE OPTl"'J7ATIO~' !YHE'" • • • ••••••••••••••••••••••••••••••••••••• 

••••• PPOBlE" NUMP!P 1 ••••• 

R~GUlA!1 

VARIABLES 
GC7'l,r.C~t') 

~INI"IZE 
GC'75 
CnN<:;TPAI'ITS 

1. GCPO + GC75 • 2e~7~O.07 

2. GC75 .lE. B'~'~'~P 
3. GC90 .lE. 228755.68 

IlNG':lBJ 
P'IGIlHS 
PoINT 
OPTI'"PI: 



~POS VEQSI)N 4.0 N~IITHWFSTE~N UNrVE~SITY 

••••• PII~~LEM NUMB~R Z ••••• 

REGULAR 
VAP IABL ES 
Cl'IlJ GC30. GC2Q 
MIN IMI7E 
CMl 
CONSTII AINTS 

1. GC2Q + GC~O .LE. 174126.20 
2. CMl + GC30 .LE. 11~5qO.e7 
3. CMl + GC30 + GCZq • lqe3~O.15 

B OONOS 
CMl .LE. 4q476.2B 
GC30 .LE. H4722.41 
GCZ9 .LE. 90751.4~ 
RNGDBJ 
RNGIIHS 
PII I NT 
OPTI"'lH 



165 

~~PTHWESTFPN U~rv~R~ITY 

••••••••••••••••••••••••••••••••••••• • • 
• '" P r'I ~ ~ • • • 

VF.RSlnN 4.0 
• • • 

• ~UlTI-PUPoO~E OPTIMI1ATION SYST~~ • 
• • ••••••••••••••••••••••••••••••••••••• 

••••• PRO~LEM NUMBER 1 ••••• 

REGULAR 
VARIABl~$ 

GCb3,GC45 
Io!tNI~I7.E 

Grb3 
C ONSTR A INT~ 

1. r,C45 + GC~3 • 5b~75.34 
7. GC6~ .IF. 30133.77 
3. GC45 .lE. 74~70.30 

RNr,nSJ 
PNGQH~ 

PR I NT 
OPTH-'IH 



156 

••••••••••••••••••••••••••••••••••••• • • 
• '" p n s • • • • VEPSIIJN 4.0 • • • 
• "ULTI-PUPPO~E O~TI~T1ATI~N SYSTE~ • 
• • ••••••••••••••••••••••••••••••••••••• 

••••• PROBL~M NUMBER 1 ••••• 

REr,IJLAP 
VAPIAF!L~S 
GC74,GCb4,GCS!' 
MAXIMIZF. 
GC74 
CO~STPAINTS 

1. GC~4 + G:S8 .LE. lq12~b.03 
2. GC74 + Gr.~4 .LE. 6b445.77 
3. GC74 + GC~4 + Gcse • 12Q77Q.bl 

BOUNOC: 
GC74 .LE. 5b15~.Q3 

GC64 .LE. ~40~5.b7 
GCS8 .LE. 174?3 0 .e7 
RNGO'BJ 
RNGRHS 
IIRINT 
OPT I"I7E 



167 

NORTHW~~TEQN UNIVERSITY 

••••••••••••••••••••••••••••••••••••• • • • ,. It n S • • • • VERSIOf'J 4.0 • • • • I'IUl Tt-DURPOSE OPTII"J1ATInN !YSrE'" • 
• • ••••••••••••••••••••••••••••••••••••• 

••••• PRO~lE" NUI'SER 1 ••••• 

IIEGUlAR 
VARIAlIlES 
GCl6,Gct9 
MINI~I7F 

GClS 
CONqRAI'ITS 

1. GCl9 + GClS • l08Z92.~q 
Z. GCl~ .lE. 91b70.0~ 
3. GC19 .lE. 381e3.Z5 

RNGr:'BJ 
R~'GRHS 
IIRTNT 
OPTII"I7E 



16C 

~~QTHWE!T~RN UNIVFR$ITY 

••••••••••••••••••••••••••••••••••••• • • • • • • 
VERSIO~ 4.0 

• • • • 
• ~UlTI-PURPOSE OPTIMIZATION SYSTE~ • 
• • ••••••••••••••••••••••••••••••••••••• 

*** •• PQO~LE~ NU~BER 1 ••••• 

REGULAR 
VARIABLES 
CM2,GC13,GC14.GC47,r,C~1,GC17,Gr.l~,GC~B,GC~7.GCl~,GC4b 
~Ayt~17E 

CM2 
C~NSTPAr~TS 

1. GC~7 + GC~e .LE. 200637.61 
2. GC~l + G:47 .lE. '1113~.70 
3. GC P 1 + GC17 .lE. 226Q76.40 
4. GC47 + GC17 .lE. l70002.~4 
5. C~2 + GC13 .lE. 102031.00 
~. GC14 + G:13 .LE. 153171.50 
7. GC~1 + r,C47 + GCl7 .L~. 2~3540.33 

8. GC~7 + GC68 + GCIO .lE. 218053.62 
o. GCl5 + GC13 + GC1 4 .IF. l7l~ZO.22 

10. GC13 + GC14 + Gr46 .lE. 21f023.06 
11. GC46 + GC15 + GCl) + GC14 .lE. 310520.6' 
12. r.~2 + GC46 + GCl5 + GC13 + GC14 .lE. ~18138.01 
13. GClO + GC68 + GC67 + GC81 + GC47 + Gr.17 .LE. 421840.8n 
14. GCI0 + GCl7 + GC47 + GC67 + GC68 + GCql + GC~~ + 

GC15 + GCl4 + GC13 + CM2 • 672027.0Q 
15. GCl7 + GC47 + GC67 + Gc~e + GCel + GC4~ + 

GC15 + GC14 + GC13 + C~2 .lE. 650e5~.le 
16. GC]7 + GC47 + r,C~7 + GC~8 + GCel + GC4b + GCl~ + 

GC14 + GC13 .lE. ~441q7.7~ 

• 

17. GCl7 + GC47 + GC67 + GC68 + GC81 + GC46 + Gr.14 + GC13 .l~. 6l05~Q.q4 
I!. ~r.17 + GC47 + Gr67 + GC68 + GCel + GC14 + GC13 .lE. 464865.00 

BOUNn~ 
C~2 .IF. 30351.~1 
GC1~ .IF. Q?QSP.71 
GC14 .LE. 10~136.~2 
GC47 .lE. 1017C1.8~ 
Grel .LE. 164752.57 
GC17 .lE. 11378Q.93 
GCI0 .LE. 35572.82 
GC~8 .LE. 130101.66 
GC~7 .lE. 125b8~.~6 
GC15 .lE. 57563.4~ 
GC46 .LE. 182455.00 
RNG08J 
RNGRHS 
PPINT 
OPTrMI~E 



16S' 

MP~~ VFR~rON 4.0 N~~THW~ST~PN U~IVERSITY 

••••• P~QI\L~" NIII"'!lEP 4 ••••• 

REGIILAR 
VARIAIlLFS 
GC4,GCq 
f'lut"IZE 
GCq 
C!'1 N q PA fill rc; 

1. GCq + GC4 • q20ql.02 
Z. GC4 .LE. 41lB3.QO 
3. GCq .LE. 72020.37 

RNGOBJ 
DNGRHS 
DR IN T 
QPTIMIZE 
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••••• * •••••••••• * ••• * ••••••••••• ** •• * 
• • 
• " It n S • • • 
* VF.R~t(1N It.O • • • • "ULTI-PUPPOSf: OPTI,.t7ATTrlN SYSTF M • • • .** •••••••••••••••••••••••••••••••••• 

••••• PROPLE" NU"BEP 1 ••••• 

ClEGUlAR 
VHUBLE~ 

GC73,GC3P 
MI"IIMI7= 
GC73 
CO"lqRAI'IT'5 

1. GC73 + GC38 " B8687.14 
z. GC3~ .Lf:. 73005.~1 
3. GC73 .LE. Q6827.70 

11"1 Gnl3J 
IH!GR"'~ 
PRINT 
OPT!M!7E 
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~PCS VER~tjN 4.0 "''1~TH\lESTFIH.' IJNIVERS I TV 

••••••••••••••••••••••••••••••••••••• • • • M P a S • • • • VEPS I"N 4.0 • • • • "'lIl T!-'UI1°0H 00 T P' I? AT trlN ~YSTE'" • • • ••••••••••••••••••••••••••••••••••••• 

••••• PR08lEM Nu~ecR 1 ••••• 

I1FGl1UR 
VARTABlES 
GCb,oIC10,OK,a 
~AXI"'IH 
GC~ 
r.:lNSTIlAIHS 

1. GCb + oIC8 .LE. 57Q74.42 
2. GC6 + oKlO .Lc. b47QO.35 
3. '1C8 + ~KIO .L~. Q2l18.13 
4. GCb + oK3 + oKlO. Q5423.b7 

!!~jU"I D~ 

Grh .LE. leQ41.~2 
PIC10 .LE. ~p4?b.le 

Pl(8 .LE. 5l15~4.31 

II N G'lB J 
RN:iRHS 
oRINT 
OPTI~!!E 
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••••••••••••••••••••••••••••••••••••• 
• • .. " I' 1.1 ~ • .. .. .. VCK.)!I.r. ".U .. 
• • 
• I\u~rl- .. u" .. u.)t. LiPl ~,'H'AT lui'; .) y;) hI'! • 
• • ••••••••••••••••••••••••••••••••••••• 

1 ••••• 

1'<.t.1o\.l.A" 
vA"LAbl.C;) 
?~co'Gl.~7'bCo~,P~07,101.~'IoCI,~C'I~C'~,~C3~'bC~~'bCC' 
.'A)I;L"Ld: 
~"8(J 
CL..r.~l~;H"'I~ 

•. ""0/. 10'0 .l.t.. Q~ool..~l 
,. b~; • 101.7 .Lt.. oc~.~.7t. 

~. bC~~. ~C'I~ .l.t.. '~1/~0.~b 
,. ~I.o~. ""00 .Lt. •• l70'7.~c 
,. Gl.C' + GC~~ • 10''11. .l.t. ~O~~C~.,. 
c. 1o~0 + ""0/ + IoCC~ .L~ ••• '~17.~w 
1. bl.'t. + 1o\.3~ • Iol.'t~ + b~~~ .l.L. 1.'t.io.e~ 
~. b~;. loCI. G'o • P"b7 .l.C •• ~~ooJ.1C 
~. bC". + bC~i + GC~~ • ~~'Iw + ~C~, .Lt.. 7't~~~l.oo .J. bC;. bC7 + bLd • r~o7 • b~O~ ...... ot .l.C. 'l~~70.~~ 

••• ..~to. Gl.O~ • 1'~07 • b~C • bC'I! • bC:~ • b'~U .l.t.. ~.7lC'.~" 
.~. ""o~. bI.Q~. P"ol • b~O • Io~"! • Io~~~ • 1o~"V • IoCOZ 

... 1;. Ite:io~ • .1." 
.I.~. ~'( • ~"bo + ~CO~ • ~"cl • b~C • Ge".I. • I.~j~ • ~C'tl. .. 

GCo~ .LI;. oJ~oo'.~o 
1;. bl.~/" bL7 • " ... 00 + bC~j + ,"o{ .. blt • bl.'t. + IoC3~ .. 

bl."~ .. GCo, .L~. Y~~~.'t.,~ 

1" b~~. bL~7 + loCI + P ... oo • Io\.O~ + ~"'1;7 + IoCe • 1o~"1 + ~~3~ + 
b\.'tv + bCe, • ~u7'tul.o~ 

OUI.iI"'''~ 

""oe .Lt. 
b,,~7 .Lt • 
,"I.o~ .Lt • 
.. 1\.0; .l.I;. 
loCO .Lt.. 
",I. I • I. t. • 
bC, • l.e. 
G\."~ ... e. 

~;;77".~; 

.I.'~""'3.:;c 
'I/Cl.' •• " 
'Oj/~.u" 

1/'t07.oJ 
7",,:.~.~1 

ZJ~:' •• 5. 
~o7"'~,,0~ 

bl.~'" .Le • • """,.~'t 
"'\..,~ .Lt. •• 'OI.JJ.'IC 
bl.O~ .Lt.. ~J"~"',c" 
I<l'IbVO" 

Khb""~ 
,. PIli' T 
",111."1'1: 
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""t.(,v~AI\ 
~1<" ... AoLt) 
~~O~/uLJII~~o~/~~c7/~~J/bCl/u~~/u~~~/~C~~/uL~~/uCb, 

"'~A.IH .. ~ 
.. I. 7 
1.\.j\:I1" .. !/\ J) 

•• ~~~I + bL~ .~t.. o~cc~.,! 
t!. ... ~!; + .. I.I .Lt. c" .... ,;.7t 
~ ... io" .. + <'L'Iv .Lt. t!.~.1.1 .. ; ... tl 
~. I>~t.,; + ~"oc .Le. !!i~~/.~Q 

,. GLtt!. + b~J .. + ~i.'I\' .Lt. JO~~ct!..'l 
c. bLo + rl\c7 + .. I.e., .LL • .... '~il.J~ 
1 ... ~~ ... + u~~ .. + .. ~~\. + ~wct!. .Le. I ... ;Qic.e~ 
~. I>~J + u~1 + ~~C + ~"cl .Le. ~ .. ~tc~ .... t 
... <.L ..... + bwJ7 + ~LJ" + b~~~ + beet!. .Le. 7'1~"ji.o~ .w. ..L~ + ul.l + bLC + ~~c7 + b~tJ + rl\oe .Le. ,l .. ~7~.~ .. 

..... rl\cc + b~tJ + ~"o7 + ~Ct + bL~ ... + .. ~~ .. + LL~~ fLt. ~ ... l'L'.,,~ 

... ,. ~I\tL + uLCJ + ~"ol + ~~; + b~~i + bw~" + .. ~ .. v + .. i.o, 
.~e. Ice7oj .... 

... J. uiol + P~bc + I>LO~ + ~I\~7 + bee + (,~ ..... + b~~ .. + (,C~C + 
bLCt!. .Le. cJ .. oc' ... t 

...... u~,;i + bCi + rl\CQ + bC=~ + ~I\ci + ~\.t + b'~i + ~C:~ + 
bl.~.", + I>LO, .Lt ... Il,; .. ~ ... ;, 

.,. Uw~ + uCJ7 + u~j + rl\cc + .. LCJ + ~"o7 + .. ~c + b~"", + b~~" • 

"L~w + ul.o, • "~I~~4.C~ 
o ... \."[.~ 
r"oc. .I.e.. ..,J7,'t.,:.. 
("wJi t6..t. .'~Iw...,~,:,C 

b~ C.: .L.et "/t~ ... i'" 
",,01 .L~. ,o:;,i.,."" 
~\.O .LoL. 17 .. ;; .OJ 

(,,1: I .LI:.. i'rJ::~.", I 
ul.!I .lL. ,~., ... .l.:.J. 
b~ ..... • L.t. • Jci""~.~' 
bL :~ • &. e • .1,: .. ".,; .. 
~\,,"'o,J .... L:.. ... ,eL,;~."C 
"' .. c, • I.e. £;~:., .. -1.c;.'t 

)it.,-'bwC" 
I< .... b~,.,) 

,." .r, I 
'" r 1 ... ~.l .. e 
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APPENDIX D: 

COST ANALYSIS OUTPUTTABLES 



PRA IT·WHITNEY 
SUB·REGION 

ROY AL. PAL.M BEACH 
SUB·REGION 

CENTRAl201_~~~~~~ 
REGION 

ACME SUB·REGION 
wn,uNaTiON 

(not to scale) 

North 

t 
FIGURE D-1: "201" WASTEWATER PLANNING 
REGIONS FOR EASTERN PALM BEACH COUNTY, FLA. 
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SITE APB 
T.P. 

NAME # 

)upih~' Bedeh UKUN 101'1( 

Carlin ParI! ENCON 19PK 

Park 

Loxahatchee EN(ON 661'1< 

Bend Pa,k 

Jonathan's ENCON 57GC 

Landing 

Turtle Creek ENCON 79GC 

Jupltt!r OUIlt!~ ENCON 20GC 

rt!que~ta C ( ENCON 31(,( 

JUPIII:I 11111\ lNCON 70GC 
-

lJlI~.nuwn Park ENCON 85PK 

H,l/Ilh (' ulIJllv ENCON 77GC 

SFWMO 
PERMIT 

# 

50-00237 

43·00140 

50-00273 

43-00054 

43-00138 

TABLED-1: 
USER'S UNIT COST INFORMATION 

ENCON 201 REGION 

T.P. 

AREA OIST. PIPE COST 

(AC) (FT) 10'S ~/1000 

gallons 

36 16380 A.E.L,N.P.Q 7 

36 25180 A,E,L,N,O 7 

188 21120 A,B,C, 7 

120 22180 A,E,L,M 7 

105 29220 A,E,F,H 7 

30 25180 A,E,L,N,P 7 

100 H820 A,E.F,G 7 

298 41520 A,E.F,H.I.K 7 

51 44720 A,E,F,H.I,J 7 

230 41640 A.B.D 7 

1 LV II 000 Ydllum w,n dJd",d IlIl lllllvt!nlUII dnd ~t!t-up lmls. 

2 tndlc,Ht!S an ocean outfall group. 

ALT. MAX·1 MAX. 
PIPE NET 

DISP. SUP. USER 
COST SAVINGS 

COST CHG. CHG. 
f/l000 ~/1000 

gallons 
f/l000 mOOO f/l000 

gallons 
gallons gallons gallons 

14 5 18 153 135 

14 5 18 153 135 

10 5 14 5 -9 

12 5 16 5 -11 

13 5 17 5 -12 

13 5 17 5 -12 

15 5 19 5 -14 

19 5 23 5 -18 

21 5 25 5 -20 

22 5 26 5 -21 



. . 
" . ... 

' .. 
" ... . ... 

...... 

66PK 

(not to scale) 

North 

t 
FIGUIU; 

. .... 
... 
~" ..... 

0-' -z.'. 
cs;.' 
?'. 
y':. 

A':. 
~ •. 

cs;.'. 
0" • 
.l' 
\1>0-...... . . . . . ... OONALO ROSS RO. 

[\-1: ENCON 201 REGION 



TABLE 0-2: 
USER'S UNIT COST INFORMATION 

CENTRAL201 REGION-PALM BEACH COUNTY, N. CEN. SUBREGION (PALM BEACH GARDENS) 

SITE APB 
T.P. 

NAME # 

h c"dllnell'~ (db,,".1 52(j( 

t.1~II)uinIC C C I'Hu 49(;( 

N P.R. C. C. AmI!. '!'!(j( 
.. -

lO$1 Tlce Club Anti I. 60(j( 
---
S'!lIIiIlUlc G. C. AliI I! JO( i( 

SFWMD 
T.P. 

AREA DIST. PIPE 
PERMIT 

COST 

(AC) (H) ID'S 
# 

,/1000 

gallons 

50-00091 lhU 7GUu II 13 

5000111 501 10040 A 9 

50-00941 

50-000U4 160 5~UO ( 10 

50·00421 130 169110 C,D.E 10 

~O·OtH91J 10':1 20760 C.D,f 10 

Il~IIUIHl U"lIl1'" V\I"~ ,,!ldeu fOllonver~lun dnd ~t!t-up lO$lS. 

2I1ldllatt!~ dn Oltlall outfall gloup. 

ALT. MAX·l MAX. 
PIPE 

DISP. SUP. USER 
COST 

COST CHG. CHG. 
,11000 

gallons 
,/1000 ,11000 ,/1000 

gallons gallons gallons 

5 10 10 5 

5 4 12 5 

3 0 15 5 

10 0 22 5 

11 0 23 5 

NET 

SAVINGS 

,/1000 

gallons 

-5 

-7 

-10 

-17 

-18 

....... 
-..J 
\D 



DONALD ROSS RD. 

PALM BEACH GARDENS T.P. 
(Seacoast) 

JDM end PGA 
Already Served 

(not to scale) 

North 

t 

9GC 

SEACOAST 
CABANA COLO~V T.P. 

: .. \\ .... 

" 

" , , · ~ 

" · · " · , 
11 .:.. .. "'~ .. s::' ...... "'·=:1" .. = .. ".: 

~ 
.,,: SEACOAST 
~:ANCHORAGE 
-~ DRIVE T.P. 

· · • : 
: · : · 

F'IGUTIE D-3: CENTRAl. 2Vl REGION· 
NORTH-CENTRAL SUBREGION ' 

..... 
00 
o 

.. 



SITE 
NAME 

(t!IIIt!/c,y 

IJII~dkt!IS C C 

Palm Bea<h C C. 

Everglades C. C. 

Cellletery 

West Palm 

Bedel. C. C. 

CellletelY 

Country Vill.tgc 

Cemetery 

TABLE D-3 
USER'S UNIT COST INFORMATION 

CENTRAL PALM BEACH COUNTY-201 REGION-EAST CENTRAL SUBREGION 

APB 
T.P. 

# 

~C ~(M 

U 2 23b( 

E (.2 25(jC 

E (.2 24(;( 

EC 5CM 

EC 34('C 

E.C 4CM 

EC 84GC 

EC 8CM 

SFWMD 
T.P. 

AREA OIST. PIPE 
PERMIT 

COST 

(AC) (FT) IO'S ~/1000 
# 

gallons 

lJ 70,210 A,B.D,I,K,l,M,U, 6 

V 

100 3B,OOO A,«(,DD.FFJHI, 6 

JJ,ll,NN 

79 46,280 A,CC.DD.FF,HH, 6 

JJ,LL,OO 

86 44,800 A,CC.DD.FF ,H H 6 

ll,NN,MM 

9 3J960 A,CC,DD.FF,HH,II 6 

197 79,420 A,B,D.I.Kl,M.U, 6 

X,Y 

34 79,460 A,8,D.I,Kl,M, 6 

U,X,Y,Z 

50-00090 61 14,620 A,6,C 6 

8 35,960 A,CC,PP,RR,TT,U 6 

lJ 

1 L~1101)O YLlllum WLl~ LIdded fur wrlver~lorlLlrid ~et-up wHs. 

2",ulCdtes dn OCt'dn outfdll yroufl. 

ALT. MAX·1 
PIPE 

DISP. SUP. 
COST 

COST CHG. 
~/1000 

gallons 
./1000 ~11000 

gallons gallons 

30 3 35 

22 3 21 

26 j 31 

30 3 35 

23 3 6 

32 3 37 

34 3 39 

8 3 13 

4 3 29 

MAX. 

USER 

CHG. 

~/1000 

gallons 

88 

55 

55 

55 

44 

44 

44 

5 

5 

NET 

SAVINGS 

./1000 

gallons 

53 

28 

24 

20 

38 

7 

5 

-8 

-24 

I-' 
00 
I-' 

• 



SITE 
NAME 

The Plesidential H. 

Meadowbrook EC 

Belvedere G. C. E C 

Palm Bea(h EC 

lakes 
-
Lone Pine G. C. EC 

tloliday C. C. tC 

Breaker's/flagle EC. 

r 

MaYd(ooLakes 
._--
Woodldwn t:c. 

Cemetery 

TABLE D-3-CONTINUED 
USER'S UNIT COST INFORMATION 

CENTRAL PALM BEACH COUNTY-201 REGION-EAST CENTRAL SUBREGION 

APR 
T.P, 

# 

H(,( 

4JGC 

36GC 

32GC 

59GC 

54G( 

42GC 

62GC 

GCM 

SFWMO 
T.P. 

AREA OIST. PIPE 
PERMIT 

COST 

(AC) (H) 10'S 
# 

./1000 

gallons 

50·00124 16.780 A.CC,DD.EE 6 

50·00120 247 24.160 A.B.D.I.J 6 

50001199 41 2B.300 A.B.D.I.K 6 

50·00257 25 21.340 A.CC.DD.FF.GG 6 

50·00954 95 lB.320 A.CC.PP.QQ 6 

40 24.540 A.CC.PP.RR.SS 6 

50·00203 4B 43.220 A.B.D.F.E 6 

50·00537 

50·00257 200 37.980 A.CC,DD.FF.HH. 6 

JJ.KK 

1 .. ~ II UlJU Y<JllulI\ Wtl> <JdJ\!d for lOlIver,lOII tllld >et·up LO\H. 

2l1ldlCdte> an ocean outfall group. 

ALT. MAX·l 
PIPE 

DISP. SUP. 
COST 

COST CHG. 
./1000 

gallons 
.11000 f/1000 

gallons gallons 

9 3 14 

9 3 14 

10 3 lB 

12 3 17 

13 3 lB 

17 3 22 

20 3 25 

23 3 28 

MAX. 

USER 

CHG. 

./1000 

gallons 

5 

5 

5 

5 

5 

5 

5 

5 

NET 

SAVINGS 

./1000 

gallons 

-9 

-9 

,10 

-12 

-13 

-17 

-20 

-23 

~ 

OJ 
N 



SITE 
NAME 

Hoy,,1 P. B. Mem. E l 

Paint Beach ~c. 

Nat'l 

The Fountains E.c. 

FOI est Hills Golf ~C 

Atlantis Golf & EC 

CC 

I.ake Worth EC. 
Mun. 

Shclbrooke ~ ( 

Danyan G. C. EC 

TABLE 0-3-CONTINUED 
USER'S UNIT COST INFORMATION 

CENTRAL PALM BEACH COUNTY-201 REGION-EAST CENTRAL SUBREGION 

APB 
T.P. 

# 

7(M 

65GC 

51GC 

50GC 

1I2GC 

21(j( 

71G( 

35GC 

SFWMO 
T.P. 

AREA OIST. PIPE 
PERMIT 

COST 

(AC) (FT) 10'S 
# 

f/l000 

ga/lons 

50·002\8 81 38,60U A,CC.PP,RR,TT,V 6 

V 

50-00168 70 92,160 A,B,D,I,K,L,N,D 6 

50-00440 285 107,700 A,8,D,I,l,N,P,S 6 

50-00099 25 66,600 A,8,D,I,K,L,M,U, 6 

X 

50·00452 100 90,280 A,8,D,I,K,L,M,U, 6 

V 

50-00866 97 9],320 A,B,D,I,L,M,U,X, 6 

Y,B8 

150 06,040 A,B,D,I,K,L.N,P, T 6 

50·00443 140 65.480 A,B,D,F,G 6 

1 L ~.'1 UUO y,oIll)m W<l~ • .uith.:J fl)r lIJIIVi!r~lon allu ~et-up w~t~. 

2I1ldlcatt!~ dll Oledll outfall group. 

ALT. MAX·l 
PIPE 

DISP. SUP. 
COST 

COST CHG. 
fl1000 

gallons 
f/l000 f/1000 

gallons gallons 

24 3 29 

27 3 32 

28 3 33 

27 3 32 

30 3 35 

39 3 44 

42 3 47 

35 3 40 

MAX. 

USER 

CHG. 

_/1000 

gallons 

5 

5 

5 

5 

5 

5 

5 

5 

NET 

SAVINGS 

f/l000 

gallons 

-24 

-27 

-28 

-27 

-30 

-39 

-42 

-45 

I-' 
00 
w 
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(not to scale) 

North 
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FIGURE b-4: -CENTRAL 201 REGION, EAST CENTRAL SUBREGION, NORTH HALF 
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SITE 
NAME 

(cl\lch!··V 
-------
R'JYdl Pdlrn ( C 

Illd'dll T. dll ( C 

TABLE 0-4 
USER'S UNIT COST INFORMATION 

CENTRAl201 REGION-PALM BEACH COUNTY-ROYAL PALM BEACH SUBREGION 

APB 
T.P. 

# 

RPIi IlM 

RI'B ]OGC 

RPB 29GC 

SFWMO 
T.P. 

AREA OIST. PIPE 
PERMIT 

COST 

(AC) (FT) 10'S 
# 

4/1000 

gallons 

41 26.040 A,t,E 10 

50-00561 170 17.B20 A,C,D 10 

50-00269 175 7,420 A,B 10 

12~:1~OO <J,.lIom'Wd~ duut:?d fur (olIver~.on dlld set-up costs. 

2 lJ1dl(dtes dll ocedn outldll group. 

ALT. MAX·1 
PIPE 

COST 
DISP. SUP. 

COST CHG. 
4/1000 

gallons 
4/1000 4/1000 

gallons gallons 

15 7 20 

10 7 12 

4 7 9 

MAX. 

USER 

CHG. 

./1000 

gallons 

5 

5 

5 

NET 

SAVINGS 

4/1000 

gallons 

·15 

·7 

4 

..... 
00 
m 



(not to scale) 

North 

t 
... \ROYAlPAlM 
WBEACHT.P. 

··,A 
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: c' 29GC 
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• 

lib 30GC 

i 

OKEECHOBEE BLVD, F 
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62GC 
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FIGURE D-6: CENTRAL 201 REGION, ROYAL PALM BEACH SUBREGION 



SITE 
NAME 

Gould PlOp. 

(Poloe.) 

Wdltllytun 

(Ill/Illry (luh 

TABLE D-S 
USER'S UN.IT COST INFORMATION 

CENTRAL 201 REGION-PALM BEACH COUNTY-ACME IMPROVEMENT DISTRICT SUBREGION 

APR 
T.P. 

# 

AllII~ 80(,( 

Acme 75GC 

SFWMD 
T.P. 

AREA DIST. PIPE 
PERMIT 

COST 

(AC) (FT) !D'S 
# 

f/1000 

gallons 

50 (J0883 632 10,180 A,B 8 

150 5,980 A,C 8 

12Q/IOOU 9dllom WdS added for (Qllver~lon dnd set·up lUSts. 

2mdicates dn ocean outfall group 

ALT. 
PIPE 

MAX·l MAX. 

DISP. SUP. USER 
COST 

COST CHG. CHG. 
f/l000 

gallons 
f/1000 f/1000 fl1000 

gallons gallons gallons 

4 6 8 5 

4 6 8 5 

NET 

SAVINGS 

fl1000 

gallons 

·3 

·3 
~ 

00 
00 



eDGe 

. . 
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(not to scale) 

North 

t 
FIGURE D-7: CENTRAL 201 REGION, ACME SUBREGION 
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SITE APR 
T.P. 

NAME # 

Indiiln Springs SUO 5b(i( 

Villa Del Ray S(l~l 74(i( 

Oriole Golf SCRl 64GC 

80 Tennis 

""lIi~ !'1I11l1 SOU ~UUC 

Mi/iIJ/Y hili/ hull 63GC 
_. 

(ypr~~~ (re~k Goll 45GC 

(elllelNY Sf l(M 

Villdge of Golf SC 17(j( 

Uunh!"s Run SC 81GC 

G.e. 

TABLE 0-6 
USER'S UNll COST INFORMATION 

SOUTH CENTRAL PALM BEACH COUNTY-201 REGION 

SFWMD 
T.P. 

AREA DIST. PIPE 
PERMIT 

COST 

(AC) (FT) ID'S 
# 

_/1000 

gallons 

~O-OO'JUI 155 18.260 A 14 

50-00U9U 110 1.820 8 9 

50-00859 

50-00078 101 9.480 C.D 9 

50-00971 315 13.300 C,E 9 

50-00975 

50 1,840 F 5 

50-00394 115 7,600 G 5 

22 28.840 H.R.S 6 

175 37.140 H.I,N,O 6 

50-00636 314 26.820 H,I,N.P 6 

12fJlOOO !Jdllom Wd~ dooed for wnver~lon and ~et-up CO~g. 

2l1ldlcatt!s an ocean outfall group. 

PIPE 

COST 

_/1000 

gallons 

11 

11 

5 

6 

1 

6 

11 

6 

6 

ALT. MAX·l 

OISP. SUP. 

COST CHG. 

_/1000 _11000 

gallons gallons 

9 18 

4 8 

4 12 

4 13 

9 -1 

9 4 

0 19 

0 14 

0 14 

MAX. 

USER 

CHG. 

_/1000 

gallons 

5 

5 

5 

5 

5 

5 

30 

5 

5 

NET 

SAVINGS 

_11000 

gallons 

-13 

-3 

-7 

-8 

6 

1 

11 

-9 

-9 

I-' 
1.0 
o 



APB SITE 
T.P. 

# NAME 

QUdil Rit.lge SC 68G( 
._-----
l ehmeville G. C S( 10G( 

D~lray DUlle S( 47GC 

G.c. 

Delray C. C. S( 13GC 

Pine Tree G. C Sf 67G( 

-' -
lIamlet Golf & S( 14GC 

Tennis 

Lakeview G. C. S( 15GC 

Del-Ail e G. C SC 46GC 

GulfUlealll G. C. S( 2 18(i( 

"-,------
litlle Club G. C. SC2 19GC 

TABLE D-6-CONTINUED 
USER'S UNIT (OST INFORMATION 

SOUTH CENTRAL PALM BEACH COUNTY-201 REGION 

SFWMD 
T.P. 

AREA DIST. PIPE 
PERMIT 

COST 

(AC) (FT) IO'S 
# 

,/1000 

gallons 

50-00419 197 l8.940 H,I,J,L 6 

29 39,780 H,I.J,K 6 

50-00B51 120 26,340 H.I,N,Q 6 

50-00944 120 23,920 H,R,T,V 6 

50-00535 160 33,600 H,I.J,l,M 6 

5000284 114 29,000 H,R,T,V.W 6 

50 35,880 H,R.T,V,X,Y 6 

50-00534 190 36,240 H,R.T.V.X.Z 6 

50·00377 160 3,660 AA.BB 13 

50·004]4 H 11,100 AA.(C 13 

1!.q II OuO g.llIom Wd~ dJdcJ fUi wn\ler~lOn and S4:!t-up CO~h. 

211l11ll.dt4:!~ dll Olean outfdll group. 

PIPE 

COST 

mOOD 

gallons 

8 

9 

9 

10 

11 

12 

15 

17 

5 

9 

ALT. MAX·l MAX. 

DISP. SUP. USER 
NET 

COST CHG. CHG. 
SAVINGS 

,/1000 
fl1000 ,11000 ,11000 

gallons 
gallons gallons gallons 

0 16 5 -II 

0 17 5 -12 

0 17 5 -12 

0 18 5 -13 

0 19 5 -14 

O. 20 5 -15 

0 23 5 -18 

0 25 5 -20 

0 21 5 -16 

0 24 5 -19 
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SITE APR 
T.P. 

NAME # 

1I00d G'l!l!lli ~kl lllt.l 
.---
Soulhern Manor Skl 7lGC 

SdJlddlfoot ~HI 6%( 

(ove 

Hoed R.JlolI ~H2 4(j( 

"owl & Cluh 

NOYoll Pol 1m ~n2 9t.C 
Yild" 

Soul/, H('old, SH2 8PK 

I'df. 

SpaniS#1 River sn2 IOPt<. 

P.Ir. 
H~cI NC!t'l f)(. ~H2 fi{J{ 

CL'IJJC!'C!IY SIl2 HM 

11.1. A I 1,1111 i( ',II IIfil'l< 

TABLE 0-7 
USER'S UNIT COST INFORMATION 

SOUTHERN PALM BEACH COUNTY-201 REGION 

SFWMO 
T.P. 

AREA OIST. PIPE 
PERMIT 

COST 

(AC) (FT) IO'S 
# 

f/l000 

gallons 

50 uOllll 14U 3,860 A.C II 

160 10,800 A,B 11 

5000411 b4 0 19 

SO-OOUI! 163 2,140 V 9 

5000159 131 4,640 V,l 9 

98 2,540 AA 9 

79 12,220 A,BB,CC 9 

H J,()60 AA.II0 9 

n 1I.~UfJ X ]] 

')11 lin"'),, )1111 ,uno E 6 

1.!.~/IUII1I9dll(jm W.J~ ddded tor llJnVel~lC)n dnd ~I:!t-up (mt~. 

2l1HJlldle~ d/l OledJl uutlotll gloup. 

PIPE 

COST 

fl1000 

gallons 

] 

6 

0 

1 

3 

2 

8 

3 

4 

1 

• 

ALT. MAX·l MAX. 
NET 

DISP. SUP. USER 
SAVINGS 

COST CHG. CHG. 
f/l000 

f/l000 fl1000 f/l000 
gallons 

gallons gallons gallons 

4 12 5 -7 

4 15 5 -10 

9 10 5 -5 

O' 12 44 ]2 

0 14 44 30 

0 13 44 ]1 

0 19 50 ]1 

0 19 44 30 

0 ]9 44 5 

0 9 5 -II 



SITE APR 
T.P. 

NAME # 

Univ. Park SR a3PK 
._-- -
Boca West SR 41GC 

Boca del Mar SR 17GC 

Dota l.ago SR 39GC 
---
Boca TeecCi SR 7Gl 
._-_._---- -

DlOken Sound SR DGC 

IUM Pdtl< SR 87PK 

!lUI .. WI)I.JU~ SR 82<i( 

BII. ,I Rd"'" .It SR 56C 

HtLldcfI V .. llcy 

11111<.1 H". SR 40G( 

TABLED-7-CONTINUED 
USER'S UNit COST INFORMATION 

SOUTHERN PALM BEACH COUNTY-201 REGION 

SFWMD 
T.P. 

AREA DIST. PIPE 
PERMIT 

COST 

(AC) (FT) IO'S 
# 

,/1000 

gallons 

~00{J119 60 9.180 F.P.Q 6 

50-00992 913 17.000 F.G.I,J 6 

50·00054 258 17 . ..140 F,G,H 6 

50-00055 

50-00888 203 22.640 F.G.I,K,l 6 

5000088 100 20,580 F.P.R.V 6 

5000489 90 21,440 F,P.R,S.V 6 

15 20.840 F.P,R,S.l 6 

50-00737 200 41,000 F,G,I.K,M,O 6 

50-00970 10 26.840 F,P.R.V.W 6 

50-00292 163 27,540 F.G.I.K.M.N 6 

1 N/lOUO !jdllum Wd~ dLld",d lut LOllvcr~tOfl and ~et-up CU~t5. 
2tndJ(dte~ an ocean outfall group. 

PIPE 

COST 

,/1000 

gallons 

5 

6 

9 

10 

10 

11 

11 

13 

17 

20 

ALT. MAX·1 MAX. 

DISP. SUP. USER 
NET 

COST CHG. CHG. 
SAVINGS 

,/1000 
,11000 ,/1000 ,/1000 

gallons 
gallons gallons gallons 

0 13 5 -7 

0 14 5 -9 

0 17 5 -12 

0 18 5 -13 

0 18 5 -13 

0 19 5 -11 

0 19 5 -14 

0 21 5 -16 

0 25 5 -20 

0 28 5 -23 



(not to-scale) 

North 

FIGURE D-9: SOUTHERN 201 RECION 



SITE APB 
T.P. 

NAME # 

Jupi,cr Beach ~N(ON 1llPK 
-

Carli" Parle ENCON 19PK 

Te(,ueSla c.c. ENCON 31GC 

taxa/lalc/lee ENCON 66PK 

Belld P,u" 

rUl"~(It,d. EN(ON 79GC 

',,".111, ... 11'\ ENCON 57GC 

l.1ndlllY 
-

IUI"hH I h"~ ENCON 70GC 
-
lC ... ndi ( olIJIIY ~Nl()111 77GC 

hll""" I hlfll!~ IN( ON lOne 
---
I ,,,~ "loW" ".11 ~ u~c OtJ U~"K 

TABLE D-8 
USER'S UNIT COST INFORMATION USING LP 

ENCON 201 REGION 

BOUNDS, $/year X(I) ALT. 

OISP. 

B(i) COST 
tJ/l000 f/1000 

LOWER UPPER $/year 
gallons1 gallons 

000 4~421 40 0116 13185.81 15 

4542140 4560255 0001 45473 91 47 

000 320261.73 .1594 14816.89 7 

0.00 14425708 0710 4187954 10 

000 89661.58 .0446 26033.23 11 

000 11677650 0581 33903.88 12 

000 32026173 .1594 9300883 4 

96271.73 41853346 1594 19124922 31 

000 lfi795111 00]6 4075634 59 

000 484h0140 2411 14069 46 99 

NUll!: NUII~~".1I"bl~ (IJSI~ '"I .. lleO '/.~UJ443 OO/Yl.:a, 10, ENCON. 

l'fIlOOO !.Io1l1lJm Wd\ delded fur wnVl:r\,on dnd \I:t-up LOsh. 

2l11dlGltc~ <III UU!<l1I outl.11I !]IOUp. 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

MAX. MAX NET 

SUPP. USER SAV- CUM 

CHRG. CHRG. INGS SAVINGS 

f/1000 fl1000 f/1000 S/year 
gallons gallons gallons 

10 153 143 145771.67 

44 153 109 256962.82 

2 5 3 265463.67 

5 5 0 265463.67 

6 5 -1 262488.37 

7 5 -2 255687.69 

-1 5 -6 205022 61 

26 5 -21 2769403 

54 5 -49 -1395935 

94 5 -89 -1420647 



TiABLE 0-9: 
USER'S UNIT COSif INFORMATION USING LP 

CENTRAL201 REGION-PALM BEACH COUNTY, N. CEN. SUBREGION (PALM BEACH GARDENS) 

1 

BOUNDS, $/year XV) ALT. MAX. MAX NET 

sITe APB 
OISP. SUPP. USER SAV- CUM 

T.P. is(;) . 
NAME # 

COST CHRG. CHRG. INGS SAVINGS 

$/year 
tJ/1000 ,/1000 ,/1000 ,/1000 ,11000 $Iyear 

LOWER UPPER gallons 1 gallons gallons gallons gallons 

flllllduuen's tdli,Hld SlG( 3714334 3774334 10000 37743.34 30 10 20 5 -15 ·71356.76 

Eastpointe c.c. POG 49(]( 20203864 20203864 10000 20203864 16 /I 12 5 -7 -9450304 

N.P.U.C.c. Allch 22G( 15 0 15 5 -10 -45305.88 

lost Tree Club Amh. 60G( 22 0 22 5 -17 -107884.62 

Seminole G.c. Anlh. 70G( 23 0 23 5 -18 -161402.19 

r'Juh::: I he ~lfIyl., member trcdlrnelll pldnt/yull wu,~., Y'IJUpS rellldlfl Unlildllycd III their rel,Hlve lOst dllolatlom. The Anchorage Drive treatment plant ha~ no 

fed~lblt! sulutlun--I.e. wrth the constrdjnt set given. there IS no core. ReldKlIIg the conditiOns proved undvaillllg as the problem would have been changed too 

drasticdlly. (N) for the totdl coalition equalled' 197740.10 'Iyear. 

12111000 gallons was added for conversion and set-up costs. 

211ldl(ates lin ocean outfall group. 



SITE 
NAME 

II/collwnee 
_w ____ 

f vefylade S C. C. 

P.J/", lJe.JcI, c.c. 

Wes'Pd/", 

He.'l/. 
-
rile Pfesidenlial 
-
Cellle.elY 

Poll", Be.JeI. 

takes 

Counhy Viliage 

B. cdkers/Flaglc. 

M,'Yd«)O I dkes 

TABLE 0-10 
USER'S UNIT COST INFORMATION USING LP 

CENTRAL PALM BEACH COUNTY -201 REGION-EAST CENTRAL SUBREGION 

T.P. 
APB 

# 

~ l·2 lj(,( 

[(.2 24(;( 

E(.2 2!i(jl 

H jll(JC 

E.C. HGC 

EC 9(M 

E C 32GC 

EC. 84GC 

EC. IIGC 
62,,( 

.... 

BOUNDS. $/year X(11 ALT. 

DISP. 

P(I1 COST 

$/year ft/1000 f/l000 
LOWER UPPER gallonsl gallons 

o ou 17~Ob 24 .()3~ 1 51115b.38 23 3 

000 27050624 0351 5815638 26 3 

000 270506.24 .0351 5615638 28 3 

000 54H66 ~!i 0710 117679.26 23 3 

000 15655488 .0203 33657.88 7 3 

000 26743570 .03117 5749624 90 3 

000 7945861 .0103 17082.08 8 3 

000 52801.52 .0069 1135185 9 3 

000 34226152 .04114 7150311 9 3 

Nule: NUII·wp"" .. hie lO\t\ tul,.lIed $1,(.!> 1,()~4 /jj/year to, the entire E.l. ~yHem. 

12f/1000 g .. ffons wa~ added lor wnvenlon and !let-up CO!lt!>. 

2l11dicdle~ .1II1J(edn out/ell! group. 

MAX. MAX 

SUPP. USER 

CHRG. CHRG. 

f/l000 f/l000 

gallons gallons 

20 55 

23 55 

25 55 

20 44 

4 5 

87 88 

5 5 

6 5 

6 5 

NET 

SAV-

INGS 

,/1000 

gallons 

35 

32 

30 

34 

1 

1 

0 

-1 

-1 

CUM 

SAVINGS 

S/year 

9910661 

177032.72 

24414206 

433803.79 

440797.89 

441449.16 

441449.16 

439721.87 

42952805 

~ 

\0 
co 



SITE 
NAME 

I olle Pille G.c. EC 
-
Uoliday c.c. E C 

Meadowbrook EC 

Belvedere G.c. EC 

Atlantis Golf & E.C 

c.c. 

The Fountains E C 
--
Banyan G.c. EC 
-
S 11Il! b. ook e E( 

TABLE D-l0-CONTINUED 
USER'S UNIT COSf INFORMATION USING LP 

CENTRAL PALM BEACH COUNTY-201 REGION-EAST CENTRAL SUBREGION 

T.P. 
APB 

# 

59(Jl 

54GC 

43GC 

36GC 

1/2GC 

51GC 

35GC 

71GC 

BOUNDS, $/year X(I1 ALT. 

DISP. 

'18(;) COST 

$/year '1/1000 _11000 
LOWER UPPER gallons1 

gallons 

000 43445.19 .0056 4340.32 10 3 

000 58252.30 .0076 12523.71 11 3 

0.00 5560824 .0072 1195527 12 3 

000 4494885 0058 966359 16 3 

000 26743570 0347 57496.24 21 3 

000 65515430 0850 14085221 19 3 . 
000 49579881 .0643 10659223 29 3 

000 65515410 0850 14085221 35 3 

N ... t;!: N(Jn·~~"""dl.Jlt! w~t~ IlHdlldl'" .6~/.U94 03/Y~M lUI thE: ~ntlre E.C system. 

12~/l000 9dllons was .uided for convenlon dnd set-up costs. 

211ldlcdtes an ocean outfall group. 

MAX. MAX 

SUPP. USER 

CHRG. CHRG. 

mOOD _/1000 

gallons gallons 

7 5 

8 5 

9 5 

13 5 

16 5 

16 5 

26 5 

32 5 

NET 

SAV-

INGS 

_/1000 

gallons 

-2 

-3 

-4 

-7 

-11 

-11 

-21 

-27 

CUM 

SAVINGS 

S/year 

428272:85 

423185.22 

418541.37 

41358604 

382438.25 

29366704 

210417.49 

9573698 

I-' 
\0 
\0 



SITE 
NAME 

take Walth ll. 

Mun. 

Cemetery EC. 

Palm Dealh EC 

Ndn 

Woodlawn Cern E C 

Forest tlills Golf EC 

Cemetery EC. 

Cemetery E.L 

Royal P.B. B. EC. 

Mem. 

TABLEO-10-CONTINUED 
USER'S UNIT COST INFORMATION USING LP 

CENTRAL PALM BEACH COUNTY -201 REGION-EAST CENTRAL SUBREGION 

T.P. 
APB 

# 

llGl 

4CM 

65GC 

6eM 

50GC 

5CMI 

SCM 

7CM 

BOUNDS, $/year X(/) ALT. 

DISP. 

BCi) COST 

$/year 
~/1000 9'/1000 

LOWER UPPER gallons1 gallons 

(J 00 547361l.5!> .0710 117679.26 45 3 

000 547368.55 0710 117679.26 109 3 

0.00 655154.30 0850 140852.21 73 3 

000 24340862 .0316 5233064 105 3 

000 54736855 .0710 11767926 168 3 

0.00 24340862 .0316 52330.64 207 3 

000 195233 41 0253 41973.41 187 3 

000 195233 41 .2563 424657.21 187 3 

NlJt~: NUrHl!pdr dble LOsl~ wtallt::(] $1.6~ 7.0911.u:l/year for the entire E.C. system. 

12q/1000 gdllons Wd~ added for conversion and set-up (Osts. 

2,"dl(ate~ all Olean outfall group. 

MAX. MAX 

SUPP. USER 

CHRG. CHRG. 

9'/1000 9'/1000 

gallons gallons 

42 5 

106 44 

70 5 

102 5 

165 5 

204 44 

184 5 

184 5 

NET 

SAV-

INGS 

9'/1000 

gallons 

-37 

-62 

-65 

-97 

-160 

-160 

-179 

-179 

CUM 

SAVINGS 

S/year 

-5889.77 

65580.26 

-104418.86 

-243858.90 

-357123.59 

-39789888 

-438447.65 

-849003.86 

tv 
o 
o 



SITE 
NAME 

KOydl PollOI CC 

'ndhlll T r ,III ( ( 

Celllt'It"y 

TABLE 0-11 
USER'S UNIT COST INFORMATION USING LP 

CENTRAL 201 REGION-PALM BEACH COUNTY-ROYAL PALM BEACH SUBREGION 

APB 
T.P. 

# 

Huydl 30lil 

RUYdl 29(j( 

Huyal leM 

BOUNDS, S/year XCi) 

8(11 
q/1OOO 

LOWER UPPER $/year 
gallons1 

5BI~2.4~ 9443b 92 5000 769469 18 

79789.28 9075142 1511 85270.35 19 

2415395 4947628 3489 3681512 24 

Nul\::; N()II·~t:Pd'Jl>11: lU~1S tutalled $J6284.47Iyear. 

12ftl 000 gdllom was added for wnverslon dnd set-up costs. 

2 rnd,cdtes an ocean outfall group. 

ALT. MAX. MAX 

DISP. SUPP. USER 

COST CHRG. CHRG. 

_11000 _11000 _11000 

gallons gallons gallons 

7 11 5 

7 12 5 

7 27 5 

NET 

SAV-

INGS 

_11000 

gallons 

-6 

-7 

-22 

CUM 

SAVINGS 

$/year 

-28882.50 

-63568.10 

-8911100 

N 
o 
f-l 



SITE 
NAME 

Gould Prop. 

(Polo (Iub) 
.-

W~1I1/I9ton 

(lJuntry (lub 

TABLE 0-12 
USER'S UNIT COST INFORMATION USING LP 

CENTRAL 201 REGION-PALM BEACH COUNTY-ACME IMPROVEMENT DISTRICT SUBREGION 

T.P. 
APB 

# 

AtOlt! 806( 

Alme 75GC 

BOUNDS, S/year X(I) 

B(i) 
~11000 

LOWER UPPER S/year 
gallons1 

1H74~3 39 128755.68 .5000 60675.54 5 

4002439 8132668 .5000 208104.44 51 

Nul .. : NUII-~I!I"'rdhlt! lu~h IOldllt!d $41 JOl.2'Jlyt:dr. 

1l~/l000 9dllom wa~ added for conver~lon and ~et-up costs. 

2Indl(dh!~ .In o(t!an outfdllyroup. 

ALT. MAX. MAX NET 

DISP. SUPP. USER SAV· 

(OST (HRG. (HRG. INGS 

f/1000 t/1000 f/1000 tl1000 
gallons gallons gallons gallons 

6 -1 5 -6 

6 45 5 -40 

(UM 

SAVINGS 

S/year 

-107374.93 

-277271.48 

N 
o 
N 



SITE 
NAME 

11It11 .. " !>1)1II19~ 

ViI/oJ IJcI IIoJY 
---.--.---

O"ol~ Goll & 

f ellllis 
-_.-
King's Po;,.' c.c. 

('YI"~u Cleek 

cc 
--
Mlht.try [r.II' 

lJ( 

(llm~teIY 

IIunter's Run 

Village of Golf 

T.P. 
APB 

# 

~I leu I ~t.(,( 

!.ll(l/l 711()l 

S( Ku 2 M(iC 

5{ R#2 58(j( 

1.1111 II~"( 

(;011 63(lC 

SC l(M 

Sc. 81GC 

Sc. 17GC 

TABLE D-13 
USER'S UNIT COST INFORMATION USING LP 

SOUTH CENTRAL PALM BEACH COUNTY-201 REGION 

BOUNDS, $/year X(I) ALT. 

DISP. 

B(i) COST 

$/year 
~/1000 _/1000 

LOWER UPPER gallons1 gallons 

~~,>.u /0 ,>~,>.u /(J , 1 IJIJII(J ~~~22 70 27 9 

o OU 561Sfi 9j .. lOOO 1990941 8 4 

000 6406~ 61 ' .3431 .!2S04.58 10 4 

6HH30 12977961 .3560 8698563 12 4 

lU541 bl 561.7534 .5000 3060048 14 9 

000 36133 72 5000 1806686 15 9 

000 30351.81 0.167 1503637 26 0 

000 164752.57 .14119 83618.88 11 0 

000 113789.93 .1001 5637185 13 0 

MAX. MAX 

SUPP. USER 

CHRG. CHRG. 

4/1000 411000 

gallons gallons 

18 5 

4 5 

6 5 

8 5 

5 5 

6 5 

26 30 

11 5 

13 5 

Noill. NOli ~el'dl.,IJ'elU~l~ tUldllel.l j,'>(d.J(i7 65/ye..o, lUI lhe S C. 010111' ~y~h:m. 361 33.72$lyear for the Golf ~ystem. 

J 1145 57$lyear for t'n~ SC R H 2. anJ scn 1/1 wa~ the same as before. 

12~11000 gallons was ddded tor convel~,on and set-up costs. 

2tndl(ate~ an OLean outfall group. 

NET 

SAV-

INGS 

4/1000 

gallons 

-13 

1 

-1 

-3 

0 

-1 

4 

-6 

-8 

CUM 

SAVINGS 

S/year 

-2355906 

311478 

-254.85 

26503.94 

000 

-1415.981 

2491.82 

50855.85 

-9049849 

N 
o 
w 



SITE 
NAME 

Quail Ridge G.c. 

DelrayCC 

Pille Tr"e G C. 

DdriJY Dun"'~ 

GC 

Hamlet Golf l!r 

T o!nlll~ 

I.a~evlew G C. 

Dd·AIII:'G C 

I t:1~urevlllt! G ( 

(,ulhUl:a/ll li t 

lillie ( 11I1t., ( 

TABLE D-13-CONTINUED 
USER'S UNIT COST INFORMATION USING LP 

SOUTH CENTRAL PALM BEACH COUNTY-201 REGION 

BOUNDS. $/year X(I) ALT. 

DISP. 

MAX. MAX 

SUPP. USER 
APR 

T.P. 8(i) 
# 

COST CHRG. CHRG. 

S( 

SC 

Sc. 

SC 

Sc. 

S.C 

Sc. 

S( 

'.)(2 

'.d,2 

¢/1000 ./1000 ,f/1OOO .. 11000 
LOWER UPPER $/year 

gallons1 gallons gallons gallons 

68li( OOU 130191 b6 1145 644CJ731 16 0 16 5 

13GC 0.00 9298871 .0818 46066.86 16 0 16 5 

67GC 0.00 125685.86 .1105 62265.12 16 0 16 5 

47GC 000 10170185 .0894 5038338 17 0 17 5 

14GC 000 10213662 0898 50598.76 18 0 18 5 

15GC 3810 51 5756345 .0473 30443987 23 0 23 5 

46GC 83674091 18245590 .0869 132610 83 27 0 27 5 

lOGe 2117491 35572 82 .01.27 28306.67 36 0 36 5 . 
16Ge 7970994 9167006 .4929 81041.18 20 0 20 5 

19('< 16hlJ 63 301632'l 'lOll 2725070 31 0 31 5 

r·Jutc: N .. " ~CI'.II.I"lc l .. ~h Ivl .. lleu $5b3,3bJ b5/ye,'" Ivr Ihl: S ( rn .. 111 ~y~tl:m. 36133. 72$/yedr for the Golf sy~tem. 

] 1145 57$/yedr lor the S( H;# l, and SCRH 1 Wd~ the same a~ before: 

12,/1000 gallons wa~ added for conversion and se.t-up co~ts. 

2Ifldl(dte~ dll Oll:an outl ... lIgroup. 

NET 

SAV- CUM 

INGS SAVINGS 

./1000 S/year 

gallons 

-11 -151859.64 

-11 -189236.99 

-11 ·239073.46 

-12 -279848.75 

-13 -321813.32 

-18 -347297.88 

-22 -465659.49 

-31 ·49145.73 

-15 -67956.82 

-26 -92254.70 



SITE 
T.P. 

NAME 

1)0('" G. eell~ ')f(ilL 
.~--

Soullu!!'n Mdnor SHill 

~","d ... lfool ~HHI 

(ove 

hO(iI R ... lon (j1 ... t.I,,~2 

lIolell!. (lull 
-
HoVal Palm (jlddt:~2 

Vad., Club 

Sp.Jllh/. Rivel (jldde~2 

Pa,'" 

South Beach Gladt!~2 

pal" 

HedReetEx. (j1.l(1t!~2 

CClllclery (j1,l(le~2 

Ha. Atlantic Glade~ 

APB 
# 

Jlil,( 

7 ](i( 

6'J(JL 

4(,( 

9GC 

10PK 

8PK 

6(,( 

.KM 

86PK 

TABLE D-14 
USER'S UNIT COST INFORMATION USING LP 

SOUTHERN PALM BEACH COUNTY-201 REGION 

BOUNDS, $/year X(i) ALT. 

DISP. 

fl(i) (OST 
fl/1000 f/1000 

LOWER UPPER $/year 
gallons1 gallons 

418~9 4il n00501 ~ooo 5J432 n 16 4 

65682 IJ 9682910 .5000 8125492 20 4 

]1I~"9 0] 3057901 1 0000 3057903 19 9 

2006465 41183.90 !5000 30624.20 9 0 

51507.12 7262637 .MOO 62066.75 169 0 

30633 32 54668.88 .3962 40157.35 20 0 

3744925 5843618 .]460 45765.27 18 0 

5150712 72626 ]7 .5000 6206665 169 0 

2520866 2520866 1.0000 25208.66 39 0 

000 9377455 0879 4851339 9 0 

MAX. MAX 

SUPP. USER 

(HRG. (HRG. 

f/1000 f/1000 

gallons gallons 

12 5 

16 5 

10 5 

9 44 

169 5 

20 50 

18 44 

169 44 

139 44 

9 5 

Nule: Nll"-~~""II.l"'It! ((J\t~ tut,llI .. d $55 I uO 70tyr tor llie mdln sy\lem, 31145.56$lyr. for SR# 2,21119.25$lyr. 

for tht! 1 mt:rnber oUtldll group, dud 24635.56$lyr. for the 3 member outfall group. 

'1~11000 gallom was ddded for conversion and ~et-up costs. 

2lnU'(dtes dill ocean outfdllgroup. 

NET 

SAV-

INGS 

f/1000 

gallons 

-7 

-11 

-5 

35 

-164 

30 

26 

16 

5 

-4 

(UM 

SAVINGS 

Slyear 

-2774985 

-7758631 

-9601.18 

161543.77 

-446800.92 

67109.33 

139258.95 

145148.71 

3256.36 

-27183.53 

tv 
o 
lJl 



SITE 
T.P. 

NAME 

Uo(a West (jlddl;!~ 

BU(d dd M.tr Glddes 

IIIIIV Pa,k Gldde~ 

tI"Id I "!.I(' (jlddc~ 

lit" ... Ict:l,t ()Idde~ 

--
III IJ~ 0:11 ~IJlJlld hldde~ 

UUtd Hlo ('Idde~ 

-
IBM P"Ik Glddes 
----
u.>t oJ W'JlJd~ (jldd.,~ 

11 .... 1 H.lhlll •• 1 (.Idtlc~ 

11 .... 1"" V.lllcy 

APB 

# 

4HjC 

37GC 

8JPK 

H(je 

7G( 

8()( 

40GC 

87PK 

82GC 

5GC 

TABLE D-14-CONTINUED 
USER'S UNIT COST INFORMATION USING LP 

SOUTHERN PALM BEACH COUNTY-201 REGION 

BOUNDS, $/year X(I1 ALT. 

DISP. 

8(;) COST . 9'/1000 
$/year ,/1000 

LOWER UPPER gallonsl gallons 

1 j~9J~.ti.! 361':l9l.82 2174 .!56007.65 12 0 

000 159093.56 .0801 117812.60 18 0 

000 4760214 0446 2462652 16 0 

o Uf) 15597.! 34 .1461 8069083 16 0 

000 795:~9 97 074~ 4114926 17 0 

000 7748761 0726 4008750 18 0 

000 1580B 46 .1481 8175713 20 0 

000 2657904 .0249 13750.42 34 0 

14219262 23253964 .0846 188932 81 35 0 

348833 3295151 0192 1407476 52 0 

MAX. MAX 

SUPP. USER 

CHRG. CHRG. 

fl1000 ,/1000 

gallons gallons 

12 5 

18 5 

16 5 

16 5 

17 5 

18 5 

20 5 

34 5 

35 5 

52 5 

NUh::: NUll ~CPdld"l., 1I>~1~ lol"lIed )~51UlJ /01'11 lUI 1101: III dill ~y~ICIII. 31145.56$lyr.lor SR#221119.25$lyr. 

lor the 2 member outldllgrou/J. dnd 24635.56$/yr. for the 3 member outfall group. 

12~11000 gdllom Wd~ daded for lOnvenlon and set-up costs. 

211ldlldte~ 0111 Oledl! outfdll group. 

NET 
SAV-

INGS 

,/1000 

gallons 

-7 

-13 

-11 

-11 

-12 

-13 

-15 

-29 

-30 

-47 

CUM 

SAVINGS 

S/year 

-208152.22 

-419022.75 

-29007089 

-27138222 

-324050.30 

-45215267 

-521385.72 

-533703.26 

-703600.36 

-716908.90 

IV 
o 
0'1 
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