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ABSTRACT

Solid waste has become a significant pollution problem in recent 

years. To meet this problem, unsanitary systems of solid waste disposal 

are being changed by governments and by concerned individuals. The 

changes required for operation of a sanitary disposal system for solid 

waste are likely to be costly for communities. Therefore, these commu

nities have a need for a least-cost solution to their solid waste problem.

It is the objective of this study to design a least-cost decision 

making model and apply the model to a rural area. The model considers 

the costs of establishing and operating a collection service and disposal 

site, and considers all possible combinations of sites and site-source 

assignments in designating the least-cost system. Greenlee County is 

selected as the study area. A least-cost system of solid waste disposal 

is determined for the study area given a selection of possible disposal 

site locations and the costs involved in setting up and operating a solid 

waste management system. The model specifies the least-cost facility 

selection, the source assignments, and the total cost of the least-cost 

system of solid waste disposal. An analysis of the sensitivity of the 

least-cost solution to changes in administrative arrangements and the 

cost variables used to determine the least-cost solution is also made.

ix



CHAPTER I

INTRODUCTION

The problem of solid waste pollution in the U.S. has reached 

such dimensions that while not as widely recognized as water and air 

pollution, it is as least as acute. It has been estimated that almost 

a ton of solid waste is collected per year per capita in the United 

States— an amount which, if compacted to 800 pounds per cubic yard 

(Shirk, 1972) would cover a city the size of Tucson to a height of six 

feet (see Appendix A). By 1980, the "pile" would be 10 feet high.

Today much of the solid waste disposal is done in an unsanitary, poten

tially dangerous, and often unsightly manner. Many disposal sites 

provide an excellent breeding ground for vermin and insects which trans

mit disease. Others are dangerous because of smoke, obnoxious odors, 

dangerous gases from open burning, or they may be potentially dangerous 

to children who wander into the sites. Blowing paper and debris and 

the site itself are normally offensive to our aesthetic desires. To 

cope with the large amounts of solid waste generated, and with the poten

tial solid waste pollution problems, it is estimated that the U.S. 

spends more than $4.5 billion each year on solid waste disposal (Kiefer, 
1972, p. 1).

The solid waste disposal problem in Arizona is also significant.

Arizona s solid waste, estimated to be approximately 1,618,253 tons 

in 1970, was collected, compacted, and piled on a football field, it
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would reach one-half mile high and by 1980 the "pile" will grow to 

approximately one mile high (see Appendix B).

Arizona's solid waste problem has quality as well as quantity 

dimensions. Of 156 disposal facilities reported in Arizona in 1973, only 

36 are sanitary landfills while 65 are open-burning dumps and 55 are mod

ified dumps (Shonerd, 1973). Of the 156 facilities, only the sanitary 

landfills meet the requirements of state law (see Appendix C). The State 

Department of Health and the Environmental Protection Agency (EPA) are 

forcing communities which presently utilize the unsanitary disposal fa

cilities to upgrade their facilities to meet the requirements (see 

Appendix C).

The changes being forced by the EPA and the State Department of 

Health will not be costless to Arizona communities. The financial burden 

may be especially sharply felt in smaller communities. For example, 

Graham County's sanitary disposal system (disposal but no collection 

service), which includes six county disposal sites with one crawler trac

tor transported between the sites to make daily coverage, has a 1973r74 

budgeted cost of $30,352. Safford, a community in Graham County, oper

ates a municipal collection and disposal system with estimated annual 

collection costs of $80,100 and disposal costs of $13,900 (Rawson, 1973).

Obj ectives

Because of the large capital investment in setting up a solid 

waste disposal system and substantial operating costs, plus frequent 

budget restraints, communities have a need for a least-cost solution to 

their solid waste problem. Thus, the overall objective of this study
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is to develop and demonstrate a framework which will enable the design of 

a least-cost solid waste disposal system by the planning agencies of 

rural Arizona. The specific objectives are:

(1) to develop a model which analyzes alternative combinations of 

disposal sites, transfer stations, and source-facility assignments to 

determine the least-cost combinations.

(2) to test the model on a specific region in rural Arizona by 

determining a least-cost solution for solid waste disposal in the region,

(3) to determine how the least-cost solution varies over time as 

the region’s solid waste generation increases.

(4) to determine the sensitivity of the least-cost solution to 

changes in various parameters (such as operating and transport costs) 

specified in the model.

Greenlee County, Arizona is the area that will be studied in the 

investigation. Greenlee County was selected as the study area because it 

has an inadequate solid waste disposal system and in the near future it 

must upgrade its facilities.

In the next chapter the framework of analysis, including specifi

cation of the leas.t-cost model, is presented. The third chapter "pro

files" the study area and discusses the data requirements. The empirical 

results of using the least-cost model and data are presented in Chapter 

IV. Here the least-cost systems, under different assumptions about 

possible disposal sites, amount of solid waste generated, costs, etc., 

are specified. The final chapter summarizes the results, offers sugges

tions for a Greenlee County system of solid waste disposal, and gives 

suggestions for future research.



CHAPTER II

FRAMEWORK OF ANALYSIS

To develop the framework for analysis, it is necessary to con

sider the components of a solid waste disposal system as well as theoret

ical considerations pertinent to a least-cost model. The components of 

the solid waste disposal system are discussed first in this chapter 

followed by a discussion of the importance of economies of scale and the 

"transportation problem." Finally the analytic model adopted for the 

present study is discussed.

The Solid Waste System

In designing a solid waste management system, three system stages 

must be considered. Storage, the first stage in the system, consists of 

storing the solid waste until sufficient quantities can be accumulated to 

warrant collection. Storage can be achieved through the use of collec

tion bins placed at convenient locations, as often used in commercial 

areas, or by storage in garbage cans by the residential sector.

Collection, the second stage of the system, involves the gather

ing of the solid waste at the points of storage and the transportation of 

the solid waste to the final site for disposal. Collection is the most 

expensive of the three stages. "The United States spends more than $4.5 

billion annually on solid waste management— and more than 80 percent of 

that goes for collection" (Kiefer, 1972, p. 1).
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Final disposal is the third and final stage in the solid waste 

management system. Disposal can be accomplished in a sanitary manner 

with different types of disposal facilities. The most common types in

clude the sanitary landfill and high-temperature incineration. In Ari

zona the sanitary operation of these facilities is subject to minimum 

standards of pollution control as established by the State Department of 

Health (see Appendix C). Accordingly, this study will investigate the 

alternative formulations of a solid waste management system which will 

meet these minimum requirements and select the formulation which exhibits 
the least cost.

The largest components of the total cost of a solid waste manage

ment system are collection costs and disposal costs. Annual collection 

costs are primarily the costs of labor (approximately 60 percent) and the 

costs of equipment operation (approximately 12 percent) (Danenhauer, 

1973). Annual disposal costs are influenced not only by the fixed costs 

of the disposal facility (approximately 50 percent), but also by the 

equipment (approximately 21 percent) and personnel costs (approximately 

28 percent) associated with the actual disposal of the waste (Weddle, 

1973).

5

Economies of Scale

Economists have long recognized the importance of economies of 

scale in understanding the least-cost size of a business operation. 

Economies of scale refer to the lowering of the cost per unit of output 

by utilizing a larger, more centralized plant. In solid waste disposal, 

economies of scale have also been found to be significant. For example,
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Schreiner (1973j pp. 22-24) of Oklahoma State University states that "be

cause of imperfect divisibility of capital inputs landfill disposal meth

ods show significant economies of scale. Excluding land costs, expected 

disposal costs per ton of solid waste were more than three times as much 

as for the smallest landfill capacity versus the capacity for a metropol
itan area of about 250,000." Sorg and Hickman (1968) also found signifi

cant economies of scale, as indicated in the graphs of Figure 1. How

ever, these economies of scale may not be available to rural areas 

because of sparse population densities. "Capacities of over one million 

tons annually tend towards a cost of $.63 a ton, but such capacities are 

unrealistic for rural areas. Cost per ton almost doubles for capacities 

of 50 thousand tons annually over the minimum cost size and equals $3.42 

per ton for capacities of only 10 thousand tons" (Schreiner, 1973, pp. 39- 

40). Thus, to obtain a least-cost solution the economies of scale for 

the disposal activity have to be balanced against the increased collec

tion costs realized by moving to a more centralized system.

The Transportation Problem

Because of the relatively high costs of the collection stage of 

a solid waste system, the locations of the landfills are of prime impor

tance in a least-cost solution. That is, site location effects the 

transportation costs of moving a product (solid waste) from a number of 

origins (generating sources) to a number of final demand centers (final 

disposal sites). This is the basic transportation problem. Pioneer 

contributions to the transportation problem were made by F. L. Hitchcock 

in "The Distribution of a Product from Several Sources to Numerous



• TONS PER YEAR 500.000100.000 200.000 300.000 400.000
TONS PER DAY' 0 320 640 960 1260 1 600
POPULATION1 0 122.000 244.000 366.000 488.000 610.000

• Based on 6-day work week.
* * Based on national average of 4.5 lbs per person per calendar day. «

Figure 1, Economies of Scale in Sanitary Landfill Operations.
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Localities" in 1941 and by T. C. Koopmans in the article "Optimum Utili

zation of the Transportation System" in 1947 (Thierauf and Crosse, 1970, 

p. 296). The solution of transportation problems has been further ad

vanced by the use of linear programming which utilizes the digital 

computer.

The specification of optimum warehouse location was discussed by 

Robert S. Firch (1960) in "Optimum Warehouse Location: A Problem in Non-

Linear Programming." The Firch study formulates a model which determines 

the optimum placement of warehouses for dispersion of the product to a 

number of final demand centers. The situation is reversed for the solid 

waste management problem. The basic transportation model does not allow 

for the optimum choice of final demand centers (final disposal sites) 

which is crucial if we are to balance the economies of scale of the 

disposal activity against the increasing costs of collection.

The Least-Cost Model

The specification of a least-cost system of solid waste disposal 

requires that many factors be considered simultaneously. To facilitate 

the analysis of these factors, a computer algorithm developed by Norman 

Morse and Edwin W. Roth (1970) for the Bureau of Solid Waste Management 

was modified and used for the analysis. Through the use of a generating 

subroutine the costs of all possible combinations of disposal sites and 

source assignments are investigated. The transportation costs and dis

posal costs for each of these combinations are computed and the model is 

designed to assign the sources to the disposal facilities in a least-cost 

manner. By varying the facility parameters (such as facility operating
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costs and transport costs) the model has the capability of exploring many 

potential variations within the solid waste management system. The model 

can also investigate the system costs of using truck transfer stations 

and incinerators. It can be used to generate costs for improved incin

eration and landfill operations. Its main use, and the focus in the 

present study, is in determining a least-cost system of solid waste 

disposal— in this case for an area of Greenlee County.

Model Specifications

The number of facilities is designated by "j." A facility is 

either a processing plant (i.e., incinerator, truck transfer station) or 

a disposal site (sanitary landfill) and is indexed by "j" with 1 j J. 

There are "I" sectors of generation, approximated by point sources, in

dexed by "i" with 1 < i _< I. The quantity of refuse originating in "i" 

is denoted by q^. Each facility (i) has parameters associated with it 

which describe its operation. The fixed cost of the facility is denoted 

as Aj, and the variable cost of disposal at the facility is denoted by 

Cj. The compaction capability of the facility is denoted by p^. The 

cost of transporting a unit quantity of refuse (one truckload) to a 

facility in collection vehicles is denoted by c^ per mile. The distance 

factor djj is the distance from source "i" to facility "j."

Using the input data (solid waste quantity data, facility para

meter data, and distance data) the calculation of k y  for each facility 

is made in the following manner:

kij (Cj • Pj) + (ct )
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where: k.. = the total variable cost (per truckload) of disposing of
 ̂ refuse generated at source "1" and disposed of in facility 

"j"

Cj ■ variable cost of disposal at site "j" (cost per truckload) 

Pj = volume reduction coefficient

ct = variable cost of transportation (cost per truckload mile) 

d y  ■ distance from source "i" to facility "j"

The analog begins a selection process to determine the total system cost 

for different combinations of facility selections and source-facility

assignments. The initial selection computer system costs if only one of 

the "j" possible facilities is used. The total system costs are equal to:

j
TC “ K.. + 2 A. + SFC1 + SFC01] i J 1 ^

where: TC = total annual cost of the disposal system, including both
collection and disposal costs

K.. = total variable costs (cost per truckload times the number 
 ̂ of truckloads) of collection and disposal = 

i

SFC^ = the fixed cost of a crawler tractor and crawler tractor
operator to dispose of the area's waste, plus the costs of 
administration and education for the system

SFCg = the fixed cost of owning a truck and trailer to transport 
the crawler tractor between facilities plus the variable 
costs of transporting the crawler tractor among the facility 
sites (if there is more than one facility in the selected 
system).

After this initial calculation has been made assuming only one 

particular disposal facility, the selection routine is repeated under the 

assumption that a different, single facility is available. The total 

costs of this system are computed. After total costs are computed for
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all systems In which only a single disposal facility is available, the 

analog investigates total system costs if two facilities are available.

In this case the analog "inspects" the variable costs of collection and 

disposal (kjj) of assigning a particular source to each of the possible 

facilities— and assigns the source to the facility with the smallest k y  

This procedure is accomplished for each source and given the facilities 

selected, the total cost of the system with these two particular facil

ities is computed.

The foregoing procedure is repeated for all possible combinations 

of two disposal facilities, and then repeated for all possible combina

tions of three disposal facilities and so on until the total costs of all 

possible combinations of disposal facilities and facility-source assign

ments have been computed. The analog then prints the least-cost system.

The costs of a system including processing plants (such as incin

erators or truck transfer stations) are analyzed in a similar manner. 

First, the variable costs (costs per truckload) of disposing of refuse 

generated at source "i" and disposed of in facility "j," are computed as 

k ^  as before without going through a processing plant. To this set of 

k^j's is added another set of k^'s computed as follows:

Cm ‘ Cp(j-)+ P j' [Ct d<j'.j)+ C j1
where: c^ = cost per truckload of processing at j* plus transporting

the refuse from the processing plant j* to the disposal 
site j plus disposing at j

0^ = cost per truckload of processing at "j'"

Pj, = volume reduction coefficient of the processing plant

c = cost per truckload mile of transportation from processing 
plant j 1 to disposal at j
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d(j' j) = distance from processing plant j * to disposal site j 
Cj » cost per truckload of disposal at j

The additional kij s are then computed as;

P4 + (dij'
where; k.. = cost per truckload of disposing of refuse generated at

 ̂ source i and disposed of in facility j , after being pro
cessed in processing plant j'

c a same as described above m
d ^ , = distance between source i and processing plant j * 

ct = cost per truckload mile of transporting refuse

The total costs of different combinations of disposal facilities, pro

cessing plants, and facility-source assignments is then computed in a 

manner similar to the way they were computed when no processing plants 

were considered. The difference between the two computations is that the 

analog also tests to determine which disposal facility should be assigned 

the output from the processing plant in order to minimize the cost of 

transportation between processing plants and facilities.

In summary, the least-cost model inspects the system costs of all 

possible combination of disposal sites, assignments of processing plants 

to disposal sites, and assignments of sources to disposal sites.

A discussion of the particular area to which the model was ap

plied, and a description of the data calculations used in the model are 

presented in the next chapter.



CHAPTER III

PROFILE OF THE STUDY AREA AND A 
DESCRIPTION OF DATA REQUIREMENTS

A profile of the study area, including a description of the 

current disposal system and the proposed alternatives is given in this . 

chapter. Also the data required by the model for determining the 

least-cost system are discussed.

Geographic Description of Greenlee County 

A geographic profile is necessary to properly understand the 

location of facilities and the distance data required by the model. 

Greenlee County lies on the eastern border of Arizona and encompasses 

1,879 square miles. Elevations range from 2,800 feet to over 9,000 feet. 

The Gila River Valley runs east to west through Greenlee County. The 

upper half of the County lies in the White Mountains and is the location 

of the famed Coronado Trail (Employment Security Commission of Arizona, 

1969, p. 31). The land ownership in Greenlee County in 1965 consisted 

of 81.0 percent federally owned land, 11.9 percent state owned land and 

5.7 percent privately owned land. The County’s population is 50.8 per

cent rural and 49.2 percent urban— towns of 2,500 population or greater. 

(Arizona Statistical Review, 1972, p. 33). The County's population is 

centered in the Morenci and Clifton areas and along State Highway 75 

/ which runs from Clifton to the New Mexico border near Duncan, Arizona. 

U.S. Highway 70 crosses the County east to west while U.S. Highway 666

13
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traverses the County north to south. For the purposes of this study, the 

County is broken down into nine subsections: the White Mountains,

Morenci, Clifton, Duncan, Franklin, York Valley, Apache Grove, Verde Lee, 

and Loma Linda. These sections are shown on the map of Figure 2.

Local Governments and Population 
Profile of Greenlee County

A local government profile is necessary for an understanding of 

the financing and jurisdictional control of a solid waste management 

system. A population profile is necessary in the investigation of the 

solid waste problem over time.

Local government status can be broken down into four categories: 

county government, incorporated towns, unincorporated towns, and special 

districts (road districts, irrigation districts, school districts, etc.). 

Greenlee County has a county government, two incorporated towns, three 

unincorporated towns and twelve school districts. The two incorporated 

towns are Clifton and Duncan. The three unincorporated towns are Frank

lin, Plantsite, and Stargo. The twelve special districts consist of 

eight school districts (five elementary and three high school), three 

road districts (Duncan, Clifton, Morenci), and the Franklin irrigation 

district.

The 1970 population of Greenlee County was 10,330. Its major 

towns are Clifton with a 1970 population of 5,087, Plantsite with 1,077, 

and Stargo with 1,194. These towns are located in the central part of 

the County. In the southern portion of the County, Duncan is the major 

town with a 1970 population of 773 (Arizona Statistical Review, 1972,

p. 33). The area along State Highway 75, between the New Mexico border
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and 113-Way" (see Figure 2), with the exception of Duncan, is estimated to 

•have a 1973 population of 3,660 (Van Fleet, 1973). Between 1961 and 1971 

the County population declined by 9.1 percent (Arizona Statistical Review, 

1972, p. 33). This decrease, however, is not expected to continue since 

the Phelps-Dodge copper mine at Morenci is expected to expand operations 

which will provide additional employment and thus add to population 

growth. For the purposes of this study, a 39.4 percent growth in popu

lation and a 20 percent growth in population were assumed for Greenlee 

County during the period 1970 to 1980.

Economic Profile of Greenlee County 

The primary economic base of Greenlee County is copper mining. 

Arizona's largest copper mine, in terms of annual value of output, is 

located in Morenci. The 1970 mineral production was $151 million. Crop 

farming, cattle ranching, dairying, and tourism are other important sec

tors of the County's economy (Arizona Statistical Review, 1972, p. 33). 

The economic outlook for Greenlee County is promising as Phelps-Dodge 

Corporation (the largest employer in the County) is expected to expand 

operations. This will provide jobs in the construction industry as well 

as employment at the mine.

The present study focuses on solid waste disposal in Greenlee 

County with the exception of the White Mountains and Morenci areas. The 

reasons for this selection are given below.
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Description of Current Solid Waste Practices In 
Greenlee County and the Study Area

The upper part of the County, that area above Morenci, is mostly 

Forest Service land and all collection and disposal services are handled 

by the Forest Service for a nominal fee. The areas of Plantsite and 

Stargo, commonly called Morenci, are towns owned and operated by the 

Phelps-Dodge Corporation. Phelps-Dodge provides collection and disposal, 

services for the residents of these areas. Therefore, neither of these 

refuse source areas are included in this study. Clifton, located adja

cent to Morenci, currently has an agreement with the Phelps-Dodge Corpo

ration which allows the town of Clifton to haul their solid waste to the 

Morenci landfill where the Phelps-Dodge Corporation handles the final 

disposal. The town of Clifton pays the Phelps-Dodge Corporation $1,000 

a month for this service. The town of Clifton is included in this study 

in order to determine if there are economically feasible alternatives to 

this agreement. The other major town in the area is Duncan, located 30 

miles south of Clifton. Duncan currently operates a municipal collection 

service within the town limits. Duncan also operates a municipal land

fill on a 40-acre site which was leased under a Bureau of Land Management 

agreement.

The County operates two landfills in the area. One is located 

in the York Valley, the area between "3-Way" and Apache Grove (see Figure 

2) on a 2-acre site which has almost reached capacity. The other site is 

located near Sheldon (10 miles north of Duncan). It is a 10-acre site 

leased under a Bureau of Land Management agreement. Both of these sites 

lack sanitary requirements insisted upon by the State Department of



Health. The County does not provide a collection service to the resi

dents, but a private individual does collect solid waste for a fee and 

then deposits the solid waste at a County landfill for disposal.

Greenlee County officials have suggested four possible landfill 

sites in addition to those already in operation. The first site is lo

cated east of Clifton, off the Ward Canyon Road (see Figure 2). The next 

two sites are located near the town of Duncan. The fourth site is lo

cated near the Verde Lee and Loma Linda subdivisions on the Ward Canyon 

Road. All of these sites are presently undeveloped but are considered in 

this study. The locations of the source areas and the landfill sites 

used in this study are indicated on the map of Figure 2.

Greenlee County is presently using Highway Department equipment 

(including tractors and pick-ups) at the County landfill locations. The 

town of Duncan operates a D5 crawler tractor which it is using at its 

present disposal site and the Phelps-Dodge Corporation provides the equip

ment used at the Morenci landfill.

Synthesis of Data Requirements 
with Focus on Cost Data

The data required for the least-cost computer algorithm are 

classified as follows: source and facility locations and the distances

between them, source quantities, facility parameters (including cost of 

transportation data) and system fixed costs. The data requirements are 

presented in detailed form in Appendix D.

18
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Source and Facility Distance Data

The source and facility locations are shown on the map of Figure 

2. The distances between the sources and facilities were obtained by 

odometer clockings and are shown in Table 1. If actual road distances 

between sources and facilities are not available, the computer algorithm 

has a built-in procedure for estimating these distances from an (x, y) 

coordinate system (Morse and Roth, 1970). In addition, the computer 

analog permits processing plants (truck transfer stations, incinerators; 

etc.) to be specified as possible activities in the solid waste system 

and if these are considered, it is necessary to obtain the distances 

between the processing plants and the sources and between the processing 

plants and the landfills.

Source Quantities

The source quantities are estimated using estimates of popula

tion and generation rates per capita. A generation rate of 5.0 pounds/ 

capita/day is used for the 1973 estimates and a generation rate of 8.0 

pounds/capita/day is used for the 1980 estimates. These estimates are 

in accord with estimates of others, including those used by Badger in 

Oklahoma (1972, p. 3). Population estimates for 1980 are made using a 

20 percent growth and a 39.4 percent growth between 1970 and 1980. These 

growth rates are based on projections made by the Valley National Bank 

(Arizona Statistical Review, 1973, p. 10) and estimates of officials in 

Greenlee County. The estimated generation is adjusted to truckloads/year 

to conform to computer analog requirements (Morse and Roth, 1970). The



Table 1. Distances Between Sources and Facilities (d^.), Miles.

Sources

Facilities

Mo rend 
Landfill

Mesa
Picnic
Area
Site

York
Landfill

Sheldon
Landfill

Duncan
Landfill

Duncan 
site near 
Sand Wash

Duncan 
site near 
Hunters 
Flat

Verde Lee 
disposal 

site

Clifton 5.0 6.1 14.6 19.4 30.8 32.7 28.4 8.15

Verde Lee 10.4 2.7 10.7 15.5 26.9 28.8 24.5 2.75

Loma Linda 12.4 4.7 8.7 13.5 24.9 26.8 22.5 .75

York Valley 14.5 9.3 3.1 7.9 19.3 21.2 17.9 6.35

Apache Grove 25.4 18.4 5.8 1.0 10.4 12.3 8.0 15.25

Duncan 34.2 27.0 14.6 9.8 1.6 5.9 5.0 24.05

Franklin 37.4 30.2 17.8 13.0 "4.8 9.1 8.2 27.25

too
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conversion factor used is three tons equal one truckload (Morse and Roth, 

1970, p. 72). Quantity estimates appear in Table 2.

Facility Parameters and System Fixed Costs

Five facility (processing plant or sanitary landfill) parameters

are required by the least-cost analog; fixed cost of disposal (DFC or

Aj)\ cost per unit of increasing the capacity of the facility one more

unit (DFCIN or a^), the unit cost of disposal at that facility (DDC or

c.), a reduction or conversion factor (DCOMP or p .), and the cost per 
J J

mile of transporting a unit quantity of refuse delivered to the facility 

in collection vehicles (DCTTDS or c^). These five parameters were 

estimated for all the facilities in the study area using data collected 

by personal interview and from published sources. The data are for the 

year 1973 unless otherwise stated. In addition, account must be taken 

of costs which accrue to the system but which cannot be preassigned to 

individual sites. These are labeled "system fixed costs." The facility 

parameters are discussed first.

The fixed costs of the disposal facilities are designated (or 

DFC) and may be broken into seven categories. The categories, along with 

the cost estimates are:

(1) land acquisition costs

(2) fencing costs

$10/10 acre parcel 
(Van Fleet, 1973)

$237/acre (Weddle, 1973)

Aj as
described in 
Chapter II.

1. The first symbol (such as DFC) refers to the variable name 
within the computer program, and the second symbol (such as A.) refers to 
the same factor, but is the label used in the explanation of ^the model 
in "Systems Analysis of Regional Solid Waste Handling" (Morse and Roth, 
1970).
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Table 2. Estimated Solid Waste Generation (q^’s) by Source Areas, in 
Truckloads/Year.

Sources (I) 1973=
1980 (39.4% 
Population . 

Growth)

1980 (20% 
Population. 

Growth)

Clifton 1,547.3 3,452.4 2,970.6

Verde Lee 45.6 101.7 87.6

Loma Linda 106.5 237.5 204.4

York Valley 504.9 1,126.2 969.4

Apache Grove 152.1 339.2 292.0

Duncan 304.2 678.4 584.0

Franklin 152.1 339.2 292.0

Totals 2,812.7 6,274.6 5,400.0
(Qi>

a. Solid waste rate of generation assumed to be five pounds per 
person per day. See text for discussion of this assumption and popula
tion estimates used to compute total waste generated.

b. Solid waste rate of generation assumed to be eight pounds 
per person per day. See text for discussion of this assumption and 
population estimates used to compute total waste generated.
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(3) cattle guard costs $800/landfill (Weddle, 1973)

(4) sign and tool costs $166.67/landfill (Weddle, 1973)

(5) access road $5,400 undeveloped site; $0 
developed site (Van Fleet, 
1973)

.<6) initial_grading $1,200 undeveloped site; 
$600 developed site 
(Van Fleet, 1973)

(7) fill expense insignificant in present case _

Aj “  
described
in Chapter
II.

The various landfills were then assigned the fixed costs which applied to 

them. These costs are shown in Table 3, along with the other estimated 

parameters for each facility.

The aj (or DFCIN) parameter is the cost per unit of increasing 

the capacity of the facility one more unit. It is included in the cost 

because of the possibility of a facility reaching its operating capacity. 

If operating capacity is reached, it may be necessary to incur added 

costs in salary and equipment expense to increase capacity. Morse and 

Roth (1970, p. 72) used aj = 0 for a large existing landfill. The param

eter 3j was assumed to be zero because a large existing landfill can 

handle an additional truckload with a negligible increase in expansion 

costs. In this study, Sj is assumed to be zero.

The variable cost (per truckload) of disposal is "Cj" (or DDC). 

The fixed costs associated with disposal have been separated out and 

have been discussed in a previous section. The "Cj" costs are estimated 

under the assumption that a D6C crawler tractor is used in the landfill 

operation. The operating costs for a D6C crawler tractor are: fuel

costs, oil, grease and filter costs, and repair costs. The fuel costs



Table 3. Summary of Estimated Facility Parameters.*

Facility (j) Aj . 
($)

3j
($/truckload)

Cj
($/truckload)

Pd
/volume of output, 
'volume of input '

Ct
(S/truckload-

miles)

Morenci Landfill 
(Size ■ 40 acres)

0 0 3.32 1.0 2.53

Mesa Picnic Area 
Site (10 acres)

9,949.70 0 3.32 1.0 2.53

York Landfill 
(2 acres)

1,603.30 0 3.32 1.0 2.53

Sheldon Landfill 
(10 acres)

3,949.70 0 3.32 1.0 2.53

Duncan Landfill 
(40 acres)

11,098.70 0 3.32 1.0 2.53

Duncan Site near 
Sand Wash 
(40 acres)

17,098.70 0 3.32 1.0 2.53

Duncan Site near 
Hunters Flat 
(10 acres)

9,949.70 0 3.32 1.0 2.53

Verde Lee Dis
posal Site 
(10 Acres)

9,949.70 0 3.32 1.0 2.53

a. See text for discussion of the computation of each parameter. to
4>
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are estimated by using the consumption figure of 7 gallons per hour for a 

D6C crawler tractor with a 90-100 horsepower engine under heavy load 

(Bauman, 1973). Thus, if the price of diesel fuel is $.205 per gallon 

(Arizona Cotton Growers Association, 1973), fuel costs are $1.435/hour. 

Oil, grease, and filter costs of the D6C crawler tractor are estimated 

to be 15 percent of the fuel costs of $.215/hour (Hinz, 1973). Repair 

costs were estimated as follows:

Average hourly repair costs factor x $1,000 of list price 
total working hours

(Bowers, 1970, p. 17).

where: factor ■ $212.44 (Bowers,1970, p. 17)

list price of D6C crawler tractor = $46,500 (Bauman, 1973)

total working hours ■ 6,240 hours = 12 hours/week x 52 weeks/ 
year x 10 years of life (Shirk, 1972)

average repair costs = $1.583/hour

Therefore, total operating costs equals $1.435/hour + $.215/hour + $1,583/ 

hour or $3.233/hour. To convert total operating costs to the required 

units of costs per truckload, other calculations were necessary. A D6C 

crawler tractor requires 12 hours/week for covering and compacting of 

solid waste for a landfill for 2,000 people (Shirk, 1972). Using a gen

eration rate of 5.0 pounds/capita/day (Badger, 1972, p. 3), the D6C 

crawler tractor will dispose of 35 tons/week. Therefore, a D6C crawler 

tractor disposes of 35 tons/week f 12 hours/week or 2,9166 tons/hour.

Cost per truckload (c^) of $3,324 is then derived by dividing total oper

ating costs of $3.233/hour by 2.9166 tons/hour, and multiplying by 3 tons/ 

truckload (Morse and Roth, 1970, p. 72).
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The volume reduction coefficient for a sanitary landfill is "Pj" 

(or DCOMP). It is included in the analysis because is one of the 

required facility parameters for the least-cost model (Horse and Roth, 

1970, p. 1-2). However, since the DDC value is calculated as the cost 

of covering and compacting solid waste, the p^ value is assumed to be 

1.0.
The cost per truckload mile of transporting refuse to the dis

posal site in collection vehicles is "c " (or DCTTDS). Data to estimate 

these costs are primarily from Clifton (Danenhauer, 1973), where records 

on transportation costs have been kept. Several steps are necessary to 

obtain the costs of collection on a truckload mile basis. First total 

annual collection costs are estimated (as shown in Table 4). The annual 

collection cost is adjusted to a weekly basis by dividing by 52 to obtain 

an estimated weekly cost of solid waste collection of $746.73 per week. 

Next, the average miles traveled per week in making the collections is 

obtained as follows (Danenhauer, 1973):

Average weekly miles =

where: = (2) • (miles of streets in Clifton). There are two weekly
collections and it is assumed that all streets are traversed.

Mg ■ (5) • (2) • (distance from the garage to the collection 
district). Five days a week two trucks travel from the 
garage to Clifton.

Mg * (5) • [2 (average number of truckloads to the landfill) - 1]
• (average distance to the landfill). Five days a week the 
trucks make the trip to the landfill.

M^ = (5) * (2) * (distance from landfill to garage). Five days a 
week the trucks return to the garage at the end of the day.
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Table 4. Total Annual Collection Costs for Clifton, Arizona.

Cost Categories Costs

Salary $27,600.00*

Equipment and supplies 861.17*

Truck repairs 1,604.74*

Truck gas 2,945.14*

Miscellaneous 332.07*

Truck Depreciation 5,486.66b

TOTAL ANNUAL COLLECTION COSTS $38,829.78

a. (Danenhauer, 1973)

b. See Appendix I.
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The calculations appear in Appendix H. The average weekly miles traveled 

by collection vehicles was 295.55 miles. Therefore, the cost per truck- 

load mile is as follows:

ct = $295.55^les/week * $2'53/truckload mile.

A summary of these facility parameters appears in Table 3.

Parameter estimates for including a solid waste processing plant 

in the system (the data used in determining c^ in Chapter II) were taken 

directly from the study by Morse and Roth (1970, p. 74).

Another class of costs are system fixed costs which cannot be 

preassigned to individual landfills (since it is not known initially 

which landfills will enter the least-cost system). These seven costs

are:

(1) Administrative expenses

(2) Educational expenses

(3) Salary of crawler 
tractor operator

(4) Owning costs of the 
crawler tractor

(5) Owning costs of truck 
to transport

(6) Owning costs of trailer 
used to transport

(7) Operating cost of 
transporting a crawler 
tractor between 
facilities

$5,400/year (Weddle, 1973)

$1,000/year (assumed)

$7,892/year (Van Fleet, 
1973)

$6,616-$6,695/year 
(Appendix E)

$2,060/year 
(Appendix F)

$1,040/year 
(Appendix G)

$.50/mile 
(Appendix F)

SFC^ as 
described in 
Chapter II

SFCg as 
described in 
Chapter II



CHAPTER IV

EMPIRICAL RESULTS

The objective of this study is to use a computer model to inves

tigate possible alternatives in the design of a least-cost system of 

solid waste disposal for Greenlee County. In Chapter II, the computer 

program was explained. Cost and other data necessary to determine a 

least-cost system were presented in Chapter III. The model considers 

four types of costs: disposal fixed costs, system fixed costs, direct

disposal costs, and transportation costs. The model also requires: 

population and solid waste generation rate estimates to estimate total 

solid waste generation for the study years, source to facility mileage, 

facility to facility mileage, capacity expansion coefficients, and 

volume reduction estimates. These data are input into the computer 

algorithm in the form explained in Appendix J. The computer model then 

investigates (computes the cost of) all possible combinations of facility 

selections, and source-to-facility assignments and specifies the least- 

cost system. Through a number of computer runs, the impact of different 

assumptions (such as different amounts of solid waste generated, or 

different possible facility locations) on the least-cost system are in

vestigated. The alternative types of assumptions include.

(1) Assumptions of different amounts of solid waste generated, 

based on 1973 and 1980 projections with disposal equipment transported 
between landfills.
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(2) Alternative facility locations.

(3) Horenci landfill and Clifton removed from 1973 analysis.

(4) Possibility of centralized landfill and rural collection
system.

(5) Inclusion of transfer stations (large, self-compacting bins 

located at a central location for daily deposit by collection vehicles 

and later, perhaps weekly, transfer to the disposal site).

(6) Sensitivity analysis on the cost parameters for the various 

facilities.

A description of the different least-cost solutions, based on 

these different assumptions follows. A summary of facility selections, 

source assignments, and system costs of the least-cost formulations are 

given in Tables 5, 6, 7, and 8. A map indicating the various sources and 

possible disposal sites is given in Figure 2.

1973 Joint County-Municipal System

In the first investigation the primary goal is to evaluate the 

possible inclusion of Clifton, which presently pays $1,000/month to 

Phelps-Dodge for sanitary landfill services, in a county-wide system and 

to determine the sites, source assignments, and costs for that area. For 

this analysis the assumptions are as follows:

(1) There are seven sources (I ■ 7)^: Clifton, Verde Lee, Loma

Linda, York Valley, Apache Grove, Duncan, and Franklin.

30
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Table 5. Summary of Least-Cost Solid Waste Systems Under Alternative Assumptions, System Cost to 
the Study Area (All Communities).3

Cost Categories

1973 Joint 
County-Munic

ipal System

1980 Joint 
County-Munic
ipal System 
(20% Growth)

1980 Joint 
County-Munic
ipal System 

(39.4% Growth)

1973 Joint 
County-Munic
ipal System 

II

1973
County System

1980
County System 

(20% Growth)

1980
County System 
(39.4% Growth)

1980
Facility System

Facility Selection and Source Assignments*^

l-C.VL
4-LL,Y,AG,

D,F

1-C,VL,LL
5-AG,Y
8-D,F

1-C,VL,LL
5-AG,Y
8-D.F

1-C,VL,LL
5-Y.AC,D,P

5-VL,LL,Y,
AG,D,F

5-VL,LL,Y,
AC

8-D,F

3-VL,LL,Y
5-AG
8-D,F

5-VL,LL,Y,AG,
D,F

Fixed costs (Aj) $ 1,603 $ 15,049 $ 15,049 $ 3,950 $ 3,950 $15,049 $24,999 $18,509

Direct disposal 
costs

9,339 17,928 20,830 9,339 4,203 8,064 9,369 9,369

Tractor costs (SFĈ ) 6,617 6,617 6,617 6,617 6,617 6,617 6,617 0

Salary costs (SFCj) 7,892 7,892 7,692 7,892 7,892 7,892 7,892 0

Administration 
costs (SFĈ )

4,500 4,500 4,500 4,500 4,500 4,500 4,500 4,500

Educational costs 
(SFĈ )

1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

Truck costs (SFĈ ) 0 2,060 2,060 0 0 2,060 2,060 0

Trailer costs (SFĈ ) 0 1,040 1,040 0 0 1,040 1,040 6

Tractor transpor
tation costs (SFCg)

0 3,557 3,557 0 0 3,557 8,003 0

Refuse transporta
tion costs

47,401 72,315 84,044 47,151 28,473 36.435 26,972 63,452

TOTAL AiiNUAL COSTS $78,352 $131,957 $146,589 $80,449 $56,635 $86,214 $92,452 $96,830

a. See the text for a specification of assumptions for ench cystcm.

b. The numbers denoting fa c il it ie s  are: (1) Korenci la n d fill, (2) Mesa picnic area s ite , (3) Verde Lea disposal s ite , (4) York la n d fill, (5)
Sheldon la n d fill, (6) proposed Duncan s ite  near Sand Wash, (7) proposed Duncan s ite  near Hunter's Flat, (8) existing Duncan lan d fill. The letters  
denoting sources are: (C) Clifton, (VL) Verde Lee, (LL) Loss Linda, (Y) York Valley, (AG) Apache Grove, (D) Duncan, (F) Franklin.
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Table 6. Comparison of the Least-Cost Solid Waste System with Other 
Possible 1973 Joint County-Municipal Systems.

Analysis Selection Total Cost
Facility Selection 

and Source 
Assignments3

Least-Cost Solution $ 78,352 l-C.VL
4-LL,Y,AG,D,F

Second Best Alternative 79,515 l-C.VL
4- LL.Y
5- AG,D,F

Third Best Alternative 80,449 1-C,VL,LL
5-Y,AG,D,F

Present System 84,747 1-C
4- VL,LL,Y
5— AG 
8-D,F

Highest Cost System 224,892 7-C,VL,LL,Y,
AG,D,F

a. Numbers denoting facilities are: (1) Morenci landfill, (2)
Mesa picnic area site, (3) Verde Lee disposal site, (4) York landfill,
(5) Sheldon landfill, (6) proposed Duncan site near Sand Wash, (7) 
proposed Duncan site near Hunter's Flat, (8) existing Duncan landfill.
The letters denoting sources are: (C) Clifton, (VL) Verde Lee, (LL)
Loma Linda, (Y) York Valley, (AG) Apache Grove, (D) Duncan, (F) Franklin.



Table 7. Summary of Least-Cost Solid Waste Systems; Cost of Transportation to and Disposal at 
Duncan Site if Duncan Site Operated Independently.

1973 Joint 
County-Municipal 

System

1980 Joint 
County-Municipal 

System 
(20% Growth)

1980 Joint 
County-Municipal 

System
(39.4% Growth)

1973 Joint 
County-Municipal 

System 
II

1973
County System

1980
County System 

(20% Growth)

1980
County System 
(39.4% Growth)

Cost Categories Facility Selection and Source Assignments^

l-C.VL
4-LL,Y,AG
8-D.F

1-C,VL,LL
5-AG,Y
8-D,F

1-C,VL,LL
5-AC.Y
8-D.F

1-C,VL,LL
5-Y,AG
8-D,F

5-VL,LL,Y,AC
8-D.F

5-VL,U,Y,AG
8-D.F

' 3-VL,LL,Y 
5-AG 
8-D,F

Fixed costs $11,099 $11,099 $11,099 $11,099 $11,099 $11,099 $11,099

Direct disposal costs 1,514 2,908 3,376 1,514 1,514 2,908 3,376

Tractor costs 6,617 6,617 6,617 6,617 6,617 6,617 6,617

Salary costs 7,892 7,892 7,892 7,892 7,892 7,892 7,892

Refuse transpor
tation costs

3.077 5,910 6,862 3.077 3.077 5,910 6,862

TOTAL ANNUAL COSTS $30,199 $34,426 $35,846 $30,199 $30,199 $34,426 $35,846

a. See the text for a specification of assumptions for each system.

b. The numbers denoting fa c il it ie s  are: (1) Morenci la n d fill, (2) Mesa picnic area s ite , (3) Verde Lee disposal s ite , (4) York lan d fill, (5)
Sheldon la n d fill, (6) proposed Duncan s ite  near Sand Wash, (7) proposed Duncan s ite  near Hunter’s Flat, (8) existing Duncan lan d fill. The letters  
denoting sources are: (C) Clifton, (VL) Verde Lee, (LL) Lome Linda, (Y) York Valley, (AC) Apache Grove, (D) Duncan, (F) Franklin.



Table 8. Summary of Least-Cost Solid Waste Systems; Cost of Transportation to and Disposal at 
Non-Duncan Sites If Duncan Site Operated Independently.

1973 Joint 
County-Municipal 

System

1980 Joint 
County-Municipal 

System 
(20% Growth)

1980 Joint 
County-Municipal 

System
(39.4% Growth)

1973 Joint 
County-Municipal 

System 
II

1973
County System

1930
County System 

(20% Growth)

1980
County System 
(39.4% Growth)

Cost Categories Facility Selection and Source Assignments^

l-C.VL
4-LL,Y,AC
8-D,F

1-C,VL,1L
5-AC.Y
8-D,F

l-C.VL.LL
5-AG.Y
8-D.F

l-C ,VL,LL
5-Y.AC
8-D.F

5-VL,LL,Y,AC
8-D,F

5-VL,LL,Y,AG
8-D.F

3-VL,LL,Y 
5-AG 
8-D.F

Fixed costs $ 1,603 $ 3,950 $ 3,950 $ 3,950 $ 3,950 $ 3,950 $13,900

Direct disposal costs 7,825 15,020 17,453 7,825 2,689 5,156 5,993

Tractor costs 6,617 6,617 6,617 6,617 6,617 6,617 6,617

Salary costs 7,892 7,892 7,892 7,892 7,892 7,892 7,892

Administration costs 4,500 4,500 4,500 4,500 4,500 4,500 4,500

Educational costs 1,000 1,000 1,000 1,000 1,000 1,000 1,000

Truck costs 0 0 0 0 0 0 0

Trailer costs 0 0 0 0 . o 0 0

Tractor transpor
tation costs

0 0 0 0 0 0 0

Refuse transporta
tion costs

29.327 66.405 77,182 34.615 15,937 30.524 20.110

TOTAL ANNUAL COSTS $58,764 $105,384 $118,594 $66,399 $42,585 $59,639 $67,558

a. See the text for a specification of assumptions for each system.

b. The numbers demiting fa c il it ie s  are: (1) Morenci la n d fill, (2) Mesa picnic area s ite , (3) Verde Lee disposal s ite , (4) York lan d fill, (5)
Sheldon la n d fill, (6) proposed Duncan s ite  near Sand Wash, (7) proposed Duncan s ite  near Hunter's f la t ,  (8) existing Duncan lan d fill. The letters  
denoting sources are: (C) Clifton, (VL) Verde Lee, (LL) Lome Linda, (Y) York Valley, (AC) Apache Grove, (D) Duncan, (F) Franklin.
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(2) There are eight possible facilities (J = 8): the Morenci

landfill, the Mesa picnic area site, the York landfill, the Sheldon land

fill, the existing Duncan landfill, the proposed Duncan site near Sand 

Wash, the proposed Duncan site near Hunter's Flat, and the proposed Verde 

Lee disposal site.

(3) The 1973 rates of generation and population estimates are

used.

(4) Refuse is transported to disposal facilities in any of three

ways: by a municipal collection system, by a private collection system,

or by the residents themselves in their personal vehicles. For example:

[a] In the towns of Duncan and Clifton, where municipal 
collection is currently provided, the transportation 
of refuse to the disposal facility may be done by the 
respective town's collection vehicles.

[b] The county residents may haul their own refuse to the 
disposal sites.

[c] The county residents may obtain refuse collection from 
a private company.

It is assumed that cost per truckload mile is the same for 

each method of transport since even if each resident hauls his own solid 

waste, he incurs an opportunity cost.

(5) Any source can be assigned to any facility.

(6) It is assumed that the "fixed costs" (A^) of the Morenci 

landfill (costs of grading, fencing, access road, land acquisition, etc.) 

are "0." That is, it is assumed that the Morenci landfill will continue 

in operation to service the Phelps-Dodge towns of Stargo and Plantsite 

(commonly known as Morenci) and that there are no additional "fixed



costs" associated with servicing any other communities assigned to this 

facility.

(7) One crawler tractor is assumed to be permanently stationed 

at the Horenci landfill (as presently is the case), and any source 

assigned to the Mbrenci site will result in operating costs of $3.32/ 

truckload of solid waste. If the least-cost solution includes more than 

just the Horenci landfill then it is assumed that at least one and pos

sibly several D6C crawler tractors will be used in disposal. The algo

rithm determines whether it is cheaper to have one crawler tractor at 

each site, or to transport a crawler tractor among sites, assuming that 

a truck and lowboy trailer are used in transfer (annual costs of this 

transport equipment are shown, Appendices F and G). It is also assumed 

that the crawler tractor is stationed at the facility in the selection 

which is farthest north in the study area and that each site in the 

selection is serviced daily by the crawler tractor.

The analysis was made using the estimates of the facility param

eter presented in Chapter III.

The least-cost assignments are:

(1) Clifton and Verde Lee are assigned to the Horenci landfill.

(2) Loma Linda, York Valley, Apache Grove, Duncan, and Franklin 

are assigned to the York landfill. The cost of this solution is $78,352 

per year. A breakdown of the costs is presented in Table 5.

The least-cost system might be compared with the cost of alterna

tive systems, such as the "second-best" solution, the "third-best" solu

tion, the present system of collection and disposal, and the highest cost 

combination of sites and source assignments. A comparison of these
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different alternatives is presented in Table 6. The difference in annual 

costs between the least-cost solution (the first solution presented in 

Table 6) and the "next-best" solution is $1,163/year. The difference 

between the least-cost solution and the cost of the present system is 

$6,395/year. The "high-cost" solution would cost $224,892/year or 

$146,540/year more than the least-cost system.

For an analysis of the rural collection system (small collection 

bins located throughout the County) see Appendix K.

1973 Joint County-Municipal System With 
Duncan Operating Own Disposal Facility

If the town of Duncan should operate its own crawler tractor 

(which it presently does) and dispose of solid waste delivered to the 

Duncan site from Duncan and Franklin (as is presently the case), and 

the County operates a separate crawler tractor to service the York land

fill, the added costs of this system would be $10,611 per year. A 

breakdown of the costs incurred by the transportation to and disposal at 

the Duncan site, and the costs incurred by transportation to and disposal 

at the Morenci and York sites is presented in Table 7.

1973 Joint County-Municipal System 
With Clifton "Excluded"

Another possible funding-administrative arrangement would be for 

Clifton to continue (as it presently does) using the municipal collection 

service to transport its solid waste for disposal at the Morenci landfill 

with Clifton residents paying both the charge for collection ($19,750 per 

year) and the charge by Phelps-Dodge for disposal ($12,000 per year). 

Under this arrangement the total cost of collection and disposal at the
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York site for the remainder of the area's residents would be reduced by 

$24,706— $5,136 less for disposal of solid waste generated at Clifton and 

$19,570 less in transport charges for transporting Clifton's waste to the 

Morenci site. Thus, the total cost of this least-cost system to the 

area's non-Clifton residents would be $78,352 - $24,706 or $53,646. A 

breakdown of the costs is given in Table 8.

1980 Joint County-Municipal System

The primary goal of this analysis is to determine the changes in 

the solution when 1980 solid waste generation is assumed. The assump

tions used in this analysis are the same as the "1973 Joint County- 

Municipal System" with the exception of the following:

(1) There are seven facilities (J » 7). The York landfill is 

removed from the analysis because it will reach its capacity before 1980.

(2) The 1980 rate of solid waste generation per capita (8 pounds) 

and 1980 population estimates (with a 20 percent growth in population 

assumed first, and then another "run" is made assuming a 39.4 percent in

crease in population) are used to estimate total solid waste generated.

1980 Joint County-Municipal System 
(20 Percent Population Growth)

The least-cost assignments for this situation are:

(1) Clifton, Verde Lee, and Loma Linda are assigned to the 
Morenci landfill.

(2) Apache Grove and the York Valley are assigned to the Sheldon
landfill.
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(3) Duncan and Franklin are assigned to the existing Duncan 

landfill.

The total cost of this system is $131,957 per year, or $53,605 

($131,957 - $78,352) more than the least-cost system assuming 1973 rates 

of generation. A breakdown of the costs is given in Table 5.

The results obtained from the 1980 "run" are compared to the 

"second-best" alternative, the "third-best" alternative, and the highest 

cost solution in Table 9.

1980 Joint County-Municipal System 
(20 Percent Population Growth) With 
Duncan Operating Own Disposal Facility

The 1980 cost of the least-cost system is changed if different 

financial-administrative arrangements are assumed, just as was the case 

for the 1973 "run." Thus, if Duncan continues to own and operate its own 

crawler tractor and the county operates another tractor for the Sheldon 

landfill, the total cost of this system will increase. The total cost 

to the area increases from $131,957 to $139,810. The costs of transpor

tation to and disposal at the Duncan site, where Duncan and Franklin 

refuse is disposed, is $34,426. The remainder of the costs, $105,384, 

includes disposal at the Morenci and Sheldon landfills, transportation 

to these landfills, plus the system fixed costs of administration, educa

tion, tractor owning costs, etc. (SFC^). These costs are summarized in
Tables 7 and 8



Table 9.
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Comparison of the Least-Cost Solid Waste System with Other 
Possible 1980 (20% Growth in Population) Joint County- 
Municipal Systems.

Analysis Selection Total Cost
Facility Selection 

and Source 
Assignments

Least-Cost Alternative $131,957 1-C,VL,LL
5-AG,Y
8-D,F

Second Best Alternative 132,375 1-C,VL,LL
5-AG,Y,D,F

Third Best Alternative 134,837 1—C
3-YL,LL,Y 
5-AG
8-D,F

Highest Cost System 397,574 7-C,VL,LL,Y, 
AG,D,F

a. Numbers denoting facilities are: (1) Morenci landfill, (2)
Mesa picnic area site, (3) Verde Lee disposal site, (4) York landfill,
(5) Sheldon landfill, (6) proposed Duncan site near Sand Wash, (7) 
proposed Duncan site near Hunter's Flat, (8) existing Duncan landfill.
The letters denoting sources are: (C) Clifton, (VL) Verde Lee, (LL)
Loma Linda, (Y) York Valley, (AG) Apache Grove, (D) Duncan, (F) Franklin.
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1980 Joint County-Municipal System 
(20 Percent Population Growth) With 
Clifton "Excluded"

If Clifton continues to finance its own collection and disposal 

at the Morenci landfill, then the costs to the rest of the area will be 

reduced to $84,511 ($131,957 - $47,446). A breakdown of the costs under 

these financial-administrative arrangements is given in Table 10.

1980 Joint County-Municipal System 
(39.4 Percent Population Growth)

Another analysis was made which assumed the 1980 population would 

increase by 39.4 percent instead of 20 percent, with all other assump

tions remaining the same as for the "1980 Joint County-Municipal System 

(20 Percent Population Growth).11 The source assignments and facility 

selections were the same as those obtained for a population growth of 20 

percent between 1970 and 1980, although the total cost of the system in

creased from $131,957 to $146,589 per year. The cost breakdown is given 

in Table 5. The results obtained from the 1980 "run" are compared to the 

"second-best" alternative, "third-best" alternative, and the highest cost 

solution in Table 11.

1973 Joint County-Municipal System II 

This analysis is made to investigate the changes that would occur 

if the York site is not available. The York site is small, only two 

acres, and is rapidly reaching its capacity. The other assumptions are 

exactly the same as the first "1973 Joint County-Municipal System." The 

least-cost assignments are:



Table 10. Summary of Least-Cost Solid Waste System with Clifton Excluded.3

Cost Categories

1973 Joint 
County-Municipal 

System

1980 Joint 
County-Municipal 

System 
(20% Growth)

1980 Joint 
County-Municipal 

System
(39.4% Growth)

1973 Joint 
County-Municipal 

System 
II

Facility Selection and Source Assignments^

1—VL
4-LL,Y,AG,D,F

l-VL.LL
5-AG.Y
8-D,F

1-VL,LL 
5-AG,Y 
8—D,F

l-VL.LL
5-Y,AG,D,F

Fixed costs $ 1,603 $15,049 $15,049 $ 3,950
Direct disposal costs 4,203 8,064 9,369 4,203
Tractor costs 6,617 6,617 6,617 6,617
Salary costs 7,892 7,892 7,892 7,892
Administrative costs 4,500 4,500 4,500 4,500
Educational costs 1,000 1,000 1,000 1,000
Truck costs 0 2,060 2,060 0
Trailer costs 0 1,040 1,040 0
Tractor transportation costs 0 3,557 3,557 0
Refuse transportation costs 27,831 34,732 40,376 27,581

TOTAL ANNUAL COSTS $53,646 $84,511 $91,460 $55,742

a. and b. See Table 5 for footnotes.
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Table 11. Comparison of the Least-Cost Solid Waste System with Other 
Possible 1980 (39.4% Growth in Population) Joint County- 
Municipal Systems.

Analysis Selection Total Cost
Facility Selection 

and Source 
Assignments

Least-Cost Solution $146,586 1-C,VL,LL
5-Y.AG
8-D.F

Second Best Alternative 147,577 1-C
3-VL,LL,Y 
5—AG 
8-DF

Third Best Alternative 149,930 1-C,VL,LL
5-Y,AG,D,F

Highest Cost System 455,963 7-C,VL,LL,Y,
AG,D,F

a. Numbers denoting facilities are: (1) Morenci landfill, (2)
Mesa picnic area site, (3) Verde Lee disposal site, (4) York landfill,
(5) Sheldon landfill, (6) proposed Duncan site near Sand Wash, (7) 
proposed Duncan site near Hunter's Flat, (8) existing Duncan landfill.
The letters denoting sources are: (C) Clifton, (VL) Verde Lee, (LL)
Loma Linda, (Y) York Valley, (AG) Apache Grove, (D) Duncan, (F) Franklin.
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(1) Clifton, Verde Lee, and Lome Linda were assigned to the 

Morenci landfill.

(2) York Valley, Apache Grove, Duncan, and Franklin were assigned 

to the Sheldon landfill. Thus, the Sheldon landfill replaces the York 

site.

The total cost of this system is $80,449 per year. A summary of 

the cost components is given in Table 5.

If Duncan opts to operate its own collection and disposal site, 

then its total cost (including the costs of transporting the solid waste 

from Franklin and Duncan to the Duncan site, and disposal at the Duncan 

site) would be $30,199. The cost of the rest of the system, including 

the cost of transportation to and disposal at the Morenci and Sheldon 

landfills and system fixed cost (SFC^) would be $66,399 ($80,449 minus 

the operating costs of $1,514 of disposing of Duncan’s and Franklin's 

refuse at the Sheldon site minus the cost of $12,536 of transporting 

Duncan's and Franklin's refuse to the Sheldon site). The cost breakdown 

is summarized in Tables 7 and 8.

1973 County System

In this "run" the least-cost system for 1973 is determined under 

the conditions that Clifton is not part of the system, the Morenci land

fill is unavailable to communities other than Clifton, and the York land

fill is unavailable. Clifton presently has an agreement with the Phelps- 

Dodge Corporation to dispose of Clifton's waste at Morenci, but it is not 

known if a similar arrangement could be made for the other communities. 

The present York landfill has nearly reached its capacity. All other



45

assumptions are exactly the same as those for the "1973 Joint County- 

Municipal System."

All six sources are assigned to the Sheldon landfill in the 

least-cost solution. With the disposal equipment being stationary at 

the Sheldon landfill, the total cost of this system is $56,635 per year. 

Costs are summarized in Table 5.

1980 County System

The 1980 county system is run under the same assumptions as the 

"1973 County System" except that the 1980 generation and population 

estimates are used. Two "runs" are made using a 20 percent assumed popu

lation growth and a 39.4 percent population growth. In the 1980 county 

system (20 percent population growth) the least-cost assignments are:

(1) Verde Lee, Lome Linda, York Valley, and Apache Grove are 

assigned to the Sheldon landfill.

(2) Duncan and Franklin are assigned to the existing Duncan 
landfill.

The total cost of this system is $86,214 per year. A cost break

down is given in Table 5.

In the 1980 county system, assuming a 39.4 percent population 

growth, the least-cost assignments are;

(1) Verde Lee, Loma Linda, and the York Valley were assigned to 

the Verde Lee disposal site.

(2) Apache Grove was assigned to the Sheldon landfill.



(3) Duncan and Franklin were assigned to the existing Duncan 

landfill. The total cost of this system is $92,452 per year. A cost 

breakdown is given in Table 5.

1980 Single Facility System

Some area planners have suggested that one landfill would be 

sufficient to service the entire area. To investigate this alternative, 

the same assumptions as those for the "1980 County System" (20 percent 

population growth) are made except that any site which entered the solu

tion is assumed to have a crawler tractor stationed at the site. This 

differs from the "1980 Joint County-Municipal System" since there it is 

assumed that the tractor could be transported among various disposal 

sites. In the model specification, this difference is accomplished by 

transferring the system fixed costs for the tractor and tractor operator 

to the disposal facility fixed costs (A^).

Under these conditions, all six sources are assigned to the 

Sheldon landfill in the least-cost solution. The cost of this system 

is $96,830 per year, and compares to the least-cost solution using the. 

least-cost "1980 County System" of multiple landfills (Sheldon and the 

existing Duncan site) of $86,213 per year. Thus an annual cost increase 

of $10,617 is incurred if only one, instead of two disposal facilities 

were to service the area. The cost increase results from the increased 

transportation costs associated with using only one facility. Costs are
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summarized in Table 5.
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1980 Truck Transfer Station System

This analysis was made to Investigate the economic feasibility 

of the use of truck transfer stations in the study area. A truck trans

fer station is a stationary facility which has an access road, loading 

ramps, and large self-compacting bins. The small (25 cubic yard capac

ity) collection vehicles visit the transfer station, depositing their 

collected waste in the compaction bins. These bins are then hauled to 

the disposal facility, when sufficient quantities of solid waste have 

been accumulated, by large tractor-trailer trucks. Thus a reduction in 

transportation costs is accomplished by one truck making the trip to the 

disposal facility as opposed to many collection vehicles making the trip 

to the disposal facility, but costs are increased by the increase in 

equipment required at the truck transfer station. The assumptions for 

this analysis are the same as those used in the "1980 County System" 

(39.4 percent population growth) with the exception that:

(1) There are eight possible facilities (J = 8). The six dis

posal facilities of the "1980 County System" and the two proposed truck 

transfer stations.

(2) The costs associated with the truck transfer stations are as 

given in Systems Analysis of Regional Solid Waste Handling (Horse and 

Roth, 1970, p. 74).

The results of this "run" are the same as the "1980 County Sys

tem" as the truck transfer stations were not included in the least-cost 

solution. The added cost of the equipment outweighed the reduction in 
transportation costs.
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Sensitivity Analysis

A sensitivity analysis is made to determine the effect of possi

ble changes in the facility parameters on the least-cost solutions. The 

sensitivity analysis investigates changes in DDC (variable disposal cost), 

and DCTTDS (cost of transportation). The other assumptions used in the 

sensitivity analysis are the same as the assumptions used in the "1973 

County System" analysis. The values for DDC are varied, in one dollar 

increments, from $1.00 per truckload to $5.00 per truckload with no 

effect upon the source assignments or site selections. System costs 

range from $53,699 per year, with DDC at $1.00 per truckload to $58,762 

per year with DDC at $5.00 per truckload and these compare with a total 

system cost of $56,635 found earlier using the computed DDC = $3.32 per 

truckload.

The values of DCTTDS are varied in one dollar increments, from 

$1.00 per truckload mile to $5.00 per truckload mile to test the sen

sitivity of the least-cost site selections and source assignments to 

changes in collection costs. There is no change in site selection or 

source assignment from that found earlier where DCTTDS was computed to 

be $2.53 per truckload mile. However, the total cost of the system 

varied from $35,213 per year with DCTTDS at $1.00 per truckload mile to 

$84,433 per year with DCTTDS at $5.00 per truckload mile.

The sensitivity analysis was repeated for the 1980 least-cost 

solutions. DDC variations effect neither the source assignments nor site 

selections. The only change occurs when DCTTDS is set at $2.00 per 

truckload mile and below $2.00 per mile. In that case, the least-cost



solution for 1980 then becomes the same as the "1973 County System" 

least-cost solution.

A summary of the costs, site selections, and source assignments 

for 1973 and 1980 solid waste generation, and for different disposal 

(DDC) and collection (DCTTDS) costs is given in Table 12.



Table 12. Sensitivity Analysis of the Least-Cost Solid Waste System with DDC and DCTTDS Set At 
Different Levels.a

1973__________  1980 (20% growth) 1980 (39.4% growth)
Site Selection Site Selection

Total Cost and Source^ Total Cost and Source^ Total Cost 
Assignment0 Assignment

Site Selection 
and Source, 
Assignment

DDC (or Cj)^

$1.00 $53,699 5-VL,LL,Y,AG,
D,F

$80,578 5-VL,LL,Y,AG
8-D.F

$86,890 3-VL,LL,Y
5-AG
8-D,F

$2.00 54,964 5-VL,LL,Y,AG,
D,F

83,007 5-VL,LL,Y,AG
8-D,F

88,724 3-VL,LL,Y
5-AG
8-D.F

$3.00 56,230 5-VL,LL,Y,AG,
D,F

85,436 5-VL,LL,Y,AG
8-D.F

91,546 3-VL,LL,Y
5-AG
8-D,F

$4.00 57,496 5-VL,LL,Y,AG,
D,F

87,865 5-VL,LL,Y,AG
8-D,F

94,368 3-VL,LL,Y
5-AG
8-D,F

$5.00 58,762 5-VL,LL,Y,AG,
D,F

90,294 5-VL,LL,Y,AG 
8—D,F

97,190 3-VL,LL,Y
5-AG
8-D.F

S



Table 12. (continued)

1973 1980 (20% growth) 1980 (39.4% growth)
Site Selection Site Selection Site Selection

Total Cost and Source^ Total Cost and Source^ Total Cost and Source^
Assignment Assignment Assignment

DCTTDS 
(or ct)c

$1.00 $35,213 5-VL,LL,Y,AG,
D»F

$ 53,607 5-VL,LL,Y,AG, 
D.F

$ 58,408 5-VL,LL,Y,AG,
D,F

$2.00 50,670 5-VL,LL,Y,AG,
D,F

75,191 5-VL,LL,Y,AG,
D,F

83,487 5-VL,LL,Y,AG,
D.F

$3.00 61,924 5-VL,LL,Y,AG, 
D,F

91,703 3-VL,LL,Y
5-AG
8-D.F

97,460 3-VL,LL,Y
5-AG
8-D,F

$4.00 73,179 5-VL,LL,Y,AG,
D,F

100,879 3-VL,LL,Y
5-AG
8-D,F

108,120 3-VL,LL,Y
5-AG
8-D,F

$5.00 84,433 5-VL,LL,Y,AG, 
D,F

110,055 3-VL,LL,Y
5-AG
8-D,F

118,780 3-VL,LL,Y
5-AG
8-D,F

a. Runs made on 1973, 1980 (20 percent population growth), and 1980 (39.4 percent popula
tion growth) County Systems.

b. Transport costs c^ set at $2.53 per truckload mile.



Table 12. (continued)

c. Direct disposal costs DDC set at $3.32 per truckload.

d. Numbers denoting facilities are: (1) Morend landfill, (2) Mesa picnic area site, (3)
Verde Lee disposal site, (4) York landfill, (5) Sheldon landfill, (6) proposed Duncan site near 
Sand Wash, (7) proposed Duncan site near Hunter's Flat, (8) existing Duncan landfill. The letters 
denoting sources are: (C) Clifton, (VL) Verde Lee, (LL) Loma Linda, (Y) York Valley, (AG) Apache 
Grove, (D) Duncan, (F) Franklin.



CHAPTER V

SUMMARY AND CONCLUSIONS

Using the results of the computer runs described in Chapter IV, 

the design of several least-cost disposal systems was accomplished. The 

least-cost "1973 Joint County-Municipal System" indicates the Morenci 

landfill and the York landfill as facility selections. Clifton and Verde 

Lee are assigned to the Morenci landfill. Loma Linda, the York Valley, 

Apache Grove, Duncan, and Franklin are assigned to the York landfill.

The total cost of this least-cost solution is $78,352 per year and com

pares to a cost of $84,747 per year for the present system. However, the 

York landfill is small and will reach its capacity in the near future. 

With the York landfill removed from consideration, the "1973 Joint 

County-Municipal System II" facility selection included the Morenci 

landfill and the Sheldon landfill. Clifton, Verde Lee, and Loma Linda 

are assigned to the Morenci landfill. The York Valley, Apache Grove, 

Duncan, and Franklin are assigned to the Sheldon landfill. The total 

cost of this system is $80,449 per year. The least-cost "1980 Joint 

County-Municipal System" (20 percent population growth with the York site 

removed from the investigation) has a facility selection of the Morenci 

landfill, the Sheldon landfill, and the existing Duncan landfill. Clif

ton, Verde Lee, and Loma Linda are assigned to the Morenci landfill. The 

York Valley and Apache Grove are assigned to the Sheldon landfill.
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Duncan and Franklin are assigned to the existing Duncan landfill. The 

total cost of this system is $131,957.

Various possible administrative arrangements, generation amounts, 

and assumptions about disposal and transport costs are investigated.

Thus, the "1973 County System" assumes that Clifton was not part of a 

county disposal network, the Morenci landfill is unavailable to communi

ties other than Clifton, and the York landfill is unavailable. The 

least-cost solution under these conditions uses only the Sheldon landfill 

as its facility selection, with all six sources (Verde Lee, Loma Linda, 

York Valley, Apache Grove, Duncan, and Franklin) assigned to the Sheldon 

landfill. The total cost of this least-cost solution is $56,635 per year. 

The least-cost "1980 County System" (20 percent population growth with 

other assumptions the same as those for the "1973 County System") in

cludes the Sheldon landfill and the existing Duncan landfill with Verde 

Lee, Loma Linda, York Valley, and Apache Grove assigned to the Sheldon 

landfill and Duncan and Franklin assigned to the existing Duncan land

fill. System costs total $86,214 per year. The "1980 County System" 

(39.4 percent population growth with other assumptions the same as for 

the preceding "run") adds the Verde Lee disposal site to the facility 

selection explained above. Verde Lee, Loma Linda,, and the York Valley 

are assigned to the Verde Lee disposal site. Apache Grove is assigned to 

the Sheldon landfill. Duncan and Franklin are assigned to the existing 

Duncan landfill. The total cost of this least-cost solution is $92,452 

per year.

A sensitivity analysis is also run on the facility parameters (in 

particular, disposal and transport costs) involved in the least-cost
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solution. This sensitivity analysis revealed no significant changes in 

the least-cost site-source assignments and therefore suggests the opti

mality of the results.

An inspection of the results suggests several conclusions. From 

the "Joint County-Municipal System" "runs" it is evident that Clifton 

does not have an economically feasible alternative to the Morenci land

fill. From the "County System" "runs" a long range planning format for 

solid waste disposal in Greenlee County is suggested. The Sheldon land

fill is the facility selected for the "1973 County System." As popula

tion and generation per capita increases over time, first the existing 

Duncan landfill and then the Verde Lee disposal site are added to the 

least-cost solution. Thus the results suggest that Greenlee County 

accomplish the following steps in obtaining a long-run least-cost system 

of solid waste disposal;
(1) Clifton should continue to use the Morenci landfill for its 

disposal needs.

(2) Plans to close the York landfill should be made.

(3) The Sheldon landfill and the existing Duncan landfill should 

be readied for operations.

(4) Plans for the creation of the Verde Lee disposal site should 

be made and plans for future operation should be accomplished 

(if population increases at the faster rate).

(5) The County should discuss the possibility of using the Duncan 

tractor at the County landfills and including Duncan in the 

County solid waste management system.
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Limitations of the Study and Suggestions 
for Future Research

Implicit in the calculations of the least-cost system of solid 

waste disposal is the presumption that the county (or other level of 

government) has the legal and financial ability to carry out the opera

tion of the system; this may not be the case. State law is presently 

unclear about which levels of government have the responsibility, author

ity, and ability to obtain revenues for and administer a solid waste 

disposal system. This uncertainty limits the ability to plan, and could 

render the least-cost solution inoperable.

An important reason for designing a least-cost system for a 

region is the possible cost savings resulting from economies of scale 

associated with larger (but fewer) landfills. For larger urban towns 

(those with populations over 50,000) previous empirical research indi

cates substantial economies of scale as disposal site capacity is in

creased. Unfortunately, little if any, empirical research has been done 

which indicates the economies of scale of disposal sites serving small, 

rural populations. The research of the present study investigates the 

economies of scale in only a tangential way. Future research is needed 

to determine the economies of scale for solid waste disposal sites 

serving rural areas. Such information would be useful not only in 

specifying a least-cost system, but also suggests the most appropriate 

level of government to be charged with funding and administering solid 
waste management systems.

Solid waste has always been considered as a nonusable product, 

but it may be a useful resource in the transformation of unusable land
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into useful recreational or building site land (Havlicek, Tolley, and 

Wang, 1969, p. 1601). Further research into the use of solid waste as 

resource as well as research into the demands for solid waste for re

cycling in metropolitan areas is warranted.



APPENDIX A

CALCULATION OF GENERATION OF SOLID WASTE 
IN THE UNITED STATES

The total amount of solid waste generated in the United States 

and used in the example in Chapter I was calculated in the following 

manner. The calculation assumed:

(1) population of the U.S. in 1970 = 203,235,298;

(2) the generation rate in 1970 was 5.0 pounds/capita/day (Bad
ger, 1972, p. 3), the compaction in a sanitary landfill was 
800 pounds/cubic yard (Shirk, 1972);

(3) the area of the city of Tucson is 80 square miles (Arizona 
Statistical Review, 1972, p. 14).

The calculation follows:

203,235,298 capita x 5.0 pounds/capita/day x 365 days/year x
3 ft.1 cubic yard area of Tucson

800 lbs. x 14,080 sq. yds. x yd.
of solid waste over the city of Tucson). 

In the 1980 calculations, the assumptions were:

5.61 ft. (height

(1) population of U.S. = 226,934,000

(2) the generation rate was 8.0 lbs/capita/day (Badger, 1972,
P.3)

Therefore the calculation was:

226,934,000 capita x 8.0 lbs/capita/day
1 cubic yard . area of Tucson 3 ft. 

800 lbs x 14,080 sq. yds.x yd. “
solid waste over the city of Tucson).

x 365 days/year x 

10.03 ft. (height of
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APPENDIX B

CALCULATION OF GENERATION OF SOLID 
WASTE IN ARIZONA

The total amount of solid waste generated in Arizona and used in 

the example in Chapter I was calculated following this procedure. The 

calculation of the 1970 figure assumed:

(1) population of Arizona = 1,773,428 (Arizona Statistical 
Review, 1972, p, 8);

(2) generation rate = 5.0 lbs/capita/day (Badger, 1972, p. 3);

(3) compaction in a sanitary landfill = 800 lbs/cubic yard 
(Shirk, 1972);

(4) area of a football field « 5,000 square yards 

The calculation was:

1,773,428 capita x 5.0 Ibs/capita/day x 365 days/year x

--O T E - * " o o o l j y d "  x l.L^yds: " -46 -ilc (halsht •*
solid waste over football field).

In 1980, the assumptions were:

(1) population of Arizona = 2,381,500 (Arizona Statistical 
Review, 1972, p. 8);

(2) generation rate = 8.0 Ibs/day/capita (Badger, 1972, p. 3);

(3) compaction in a sanitary landfill = 800 lbs/cubic yard 
(Shirk, 1972);

(4) area of a football field = 5,000 square yards 

The calculation was:

2,381,500 capita x 8.0 Ibs/capita/day x 365 days/year x
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1 cubic yard area of field 1 mile 
800 lbs. X 500 sq. yds. X 1,760 yds.

of solid waste over football field).
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APPENDIX C

STATE AND FEDEEAL LAWS GOVERNING SOLID 
WASTE DISPOSAL IN ARIZONA

The following two sets of rules and regulations (Arizona State 

Department of Health, 1970b, p. 3 and 1970a, p. 1-5) specify the 

requirements under which communities are to set up a sanitary system 

for solid waste disposal. The Federal legislation concerning solid 

waste disposal is reviewed following the presentation of the Arizona 

rules and regulations, in this appendix.
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State Department o f Health 
Phoenix. Arizona

RULES AND REGULATIONS 

FOR

SUBDIVISIONS

A rticle 2 

P art 10

REG. 2-10-4.1 GENERAL
The storage, co llection , transportation and d isposal of refuse and other objectionable w astes sh a ll be 

governed by P art 2-4 of these regulations.

(Amended R e g . N ovem ber 1971)

REG. 2-10-4.2 COLLECTION SERVICE OR DISPOSAL AREA
A. Where an  approved community or private refuse collection  serv ice is  availab le , arrangements 

sh a ll be made to  have this service furnished to the subdivision., A le tte r, from the community or private 
collection  company, s ta tin g  tha t the co llection  serv ice  w ill be made availab le to the subdivision, is  
required.

B. Where refuse collection  service is not ava ilab le , it w ill be the responsib ility  o f the subdivider to  
notify each purchaser or tenant that the hauling of a ll refuse is an individual responsib ility  and th a t a ll 
refuse must be properly stored pending removal and disposed  of a t  d isposal areas specified  in the plan 
approved by the Department.

C. Where a co llection  serv ice or an ex isting  approved d isposal area is not availab le to the sub
d iv ision , u plan approval w ill not be granted unless a separate d isposal area is provided by the subdivider 
or arrangements arc made to u tilize a new, conveniently located d isposal area. Such arrangements shall 
include, but not be limited to , the w ritten perm ission of the person responsible for the operation of the new 
s ite .

(A dded  R eg . N ovem ber 1971)
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Stnte Department of H ealth RULES AND REGULATIONS
Plmonix. Arizona

-------------------- - FOR

REFUSE AND OTHER OBJECTIONABLE WASTES

A rticle 2 

P art 4

SEC. 2-4-1. GENERAL CONSIDERATIONS
REG. 2-4-1.1 LEGAL AUTHORITY

The regulations in th is P art are adopted pursuant to the authority granted by A.R.S. 36-105., B., 10. 

(A dded  R eg . A u g u s t 1962)

REG. 2-4-1.2 DEFINITIONS
A. “ Approved*' means acceptable to the Department.

B. “ A shes’* means residue from the burning of any com bustible m aterial.
* i

C. 44Departm ent" means the State Department of Health or a local hea lth  department designated by
the State Department of Health..

D. “ Garbage”  means a ll animal and vegetable w astes resu lting  from the processing, handling, 
preparation, cooking, and serving of food or food m aterials.

E . “ Manure”  means animal excreta , including cleanings from bam s, s ta b le s , corrals , pens, or con
veyances used for stab ling , transporting, or penning of animals or fowls.

F . “ Person** means the S tate , a m unicipality, d is tric t or other po litica l subdivision, a cooperative, 
institu tion , corporation, company, firm, partnership or individual.

G. “ R efuse”  means a ll putrescib le and nonputrescible solid and sem isolid  w astes , except human 
excreta , but including garbage, rubbish, a sh es , manure, s tree t clean ings, dead anim als, abandoned auto
m obiles, and industrial w astes .

H. “ Rubbish”  means nonputrescible solid  w astes, excluding a sh e s , consisting  of both combustible 
and noncom bustible w astes, such a s  paper, cardboard, w aste m etal, tin  cans, yard clipp ings, wood, g la ss , 
bedding, crockery and sim ilar m aterials.

(A dded  R eg . A u g u s t 1962)

REG. 2-4-1.3 RESPONSIBILITY
A. The owner, agent, or the occupant of any prem ises, business establishm ent, or industry sh a ll 

be responsible for the san itary  condition of said  prem ises, business estab lishm ent, or industry. No person 
shall p lace , deposit, or allow to be placed or deposited on h is prem ises or on any public s tree t, road, or 
a lley  any refuse or other objectionable w aste, except in a manner described in these regulations.

B. The owner, agent, or the occupant of a n y  prem ises, business establishm ent, or industry sha ll 
be responsible for the storage and d isposal of a ll refuse accum ulated, by a method or methods described 
in these regulations.

C. The collection  and d isposal of a ll refuse not acceptable for co llection  by a co llection  agency is  
the responsib ility  of each occupant, business estab lishm ent, or industry where such refuse accum ulates, 
and a ll such refuse sha ll be sto red , co llec ted , and disposed  of in a manner approved by the Department*

D. A ll dangerous m aterials and substances sh a ll, where necessary , be rendered harm less prior to 
co llection  and d isposal.



64

REG. 2-4-1.4 INSPECTION
R epresen tatives of the Department sh a ll make such inspections o f any prem ises, container, p rocess, 

equipment, or vehicle used for collection , storage, transportation, d isposa l, or reclamation or refuse as are 
necessary  to insure compli* ice with these regulations.

(A dded R eg . A u g u st 1962)

REG. 2-4-1.5 COLLECTION REQUIRED
'  A. Where refuse collection  service is availab le , the following refuse sha ll be required to  be collected :

Garbage, a sh es , rubbish, and small dead anim als which do not exceed 75 pounds in w eight.

B. The following refuse is not considered acceptable for co llection  but may be co llected  a t the 
discretion  of the collection agency where specia l fac ilities  or equipment required for the co llection  and 
and d isposal of such w astes are provided:

1. Dangerous m aterials or su b stan ce s , such as poisons, a c id s , ca u s tic s , infected m ateria ls, 
radioactive m aterials, and explosives.

2 . M aterials resu lting  from the repair, excavation, or construction of buildings and struc tu res .

3 . Solid w astes resu lting  from industrial p rocesses.

4. Animals exceeding 75 pounds in weight, condemned anim als, anim als from a slaughterhouse, or
other animals normally considered industrial w aste. ^

5. Manure.

(A dded R eg . A u g u st 1962)

REG. 2-4-1.6 NOTICES
A. All collection  agencies sh a ll provide each householder, or business establishm ent served, with 

a copy of the requirements governing the storage and collection  of refuse which sha ll cover a t le a s t  the 
following items:

1. D efinitions.

2. P laces to be served. ,

3 . P laces not to be served.

4. Scheduled day or days of collection .

5. M aterials acceptable for collection.

6 . Materials not acceptable for collection .

7. Preparation of refuse for collection .

8. Types and sized  of containers permitted.

9. Points from which collections w ill be made.

10. N ecessary  safeguards for co llec to rs.

B. All such notices governing storage and co llection  sha ll conform to these regulations.

(A dded  R eg . A ugust 1962)



SEC. 2-4-2. STORAGE
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REG. 2-4-2.1 GENERAL
All refuse sha ll be stored in accordance with the requirements of this section . The owner, agent, or 

occupant of every dwelling, business establishm ent, or other prem ises where refuse accum ulates sha ll 
provide a sufficient number of su itable and approved containers for receiving and storing of refuse, and 
sha ll keep all refuse therein , except as otherw ise provided by these regulations.

(Added R eg . A u g u st 1962)

REG. 2-4-2.2 METHOD OF STORAGE
A. Garbage sha ll be stored in durable, rust resis tan t, nonabsorbent, w atertight, and eas ily  cleanable 

containers, with close fitting covers and having adequate handles or ba ils  to fac ilita te  handling. The 
size  of the container sh a ll be determined by the co llection  agency.

B. Rubbish and ash es sha ll be stored in durable containers. Bulky rubbish such a s  tree trimmings, 
new spapers, w eeds, and large cardboard boxes sha ll be handled as directed by the collection  agency. Where 
garbage separation  is  not required, containers for the storage of mixed rubbish and garbage sh a ll m eet the 
requirem ents specified  in “ A”  above.

C. Manure and droppings sha ll be removed from pens, s ta b le s , yards, cag es , conveyances, and other 
enclosures as often as n ecessary  to prevent a health  hazard or the creation of a nu isance. All m aterial 
removed sh a ll be handled and stored  in a manner tha t w ill maintain the prem ises nuisance free.

(A dded  R eg . A ugust 1962) •

REG. 2-4-2.B CONTAINER MAINTENANCE
Containers for the storage of refuse sha ll be maintained in such a manner as  to prevent the creation  

of a  nuisance or a menace to public health . Containers that are broken or otherw ise fail to meet the require
ments of the regulations sh a ll be replaced, by the owner of sa id  containers, with approved containers.

(A dded  R eg . A ugust 1962)

SEC. 2-4-3. COLLECTION AND TRANSPORTATION
REG. 2-4-3.1 FREQUENCY OF COLLECTION

The frequency of collection  sh a ll be in  accordance with regulations of the co llection  agency bu t not 
le s s  than th a t shown in the following schedules:

1. Garbage only -  tw ice w eekly.

2. Refuse with garbage -  tw ice weekly.

3. Rubbish and ashes -  as often a s  necessary  to prevent nu isances and fly b reed in g .

(A dded  R eg . A u g u st 1962)

REG. 2-4-3.2 PLACE OF COLLECTION
A. All refuse sha ll be properly placed on the prem ises for convenient co llection  as designated  by 

the collection  agency.

B. Where alleys are provided, co llection  sha ll be made on the a lley  side of the prem ises.

(A dded R e g . A u g u st 1962)

REG. 2-4-3.3 VEHICLES
A. V ehicles used for co llection  and transportation of garbage, or refuse containing garbage, sh a ll 

have covered, w atertight, metal bodies of ea s ily  cleanable construction, sha ll be cleaned frequently to  
prevent a nuisance or in sec t breeding, and sh a ll be maintained in good repair.



B. Vehicles used for collection and transportation of refuse sha ll be loaded and moved in such a 
manner that the conten ts, including ash es , w ill not fall, leak , or sp ill therefrom. Where sp illage does occur, 
it sha ll be picked up immediately by the collector and returned to the vehicle or container.

C. Vehicles used for collection and transportation of rubbish or manure sha ll be of such construction  
as to prevent leakage or sp illage , and shall provide a cover to prevent blowing o f m aterials or creating  a 
nu isance.

(Added R eg . A u g u st 1962)

SEC. 2-4-4. DISPOSAL
REG. 2-4-4.1 GENERAL

A. A ll refuse shall be disposed of by a method or methods included in these  regulations and sh a ll 
include rodent, in sect, and nuisance control a t  the place or p laces of d isposal. Approval m ust be obtained 
from the Department for all new d isposal s ite s  and may change in the method of d isposal prior to u se .

B. C arcasses  of large dead animals sha ll be buried or crem ated, un less sa tisfac to ry  arrangem ents 
have been made for d isposal by rendering or other approved methods.

C. A ll public ‘ ‘dumping grounds” , provided in com pliance with A .R.S. 9-441., sha ll be m aintained 
and operated in accordance with the requirements of these regulations.

D. Manure sh a ll be disposed of by san itary  landfill, com posting, incineration, or used  as  fertilizer 
in such a manner as  not to create in sec t breeding or a  nu isance.

(Added R eg . A u g u st 1962) #

REG. 2-4-4.2 METHODS OF DISPOSAL
Approval must be obtained from the Department for any method or methods used  for the d isposal of 

refuse prior to the s ta rt of operations, and sha ll be accom plished by one or more of the methods lis ted  
below:
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A. Sanitary Landfill -  C onsists of the d isposal o f refuse on land and the daily  compaction and 
covering of the refuse with 6 to 12 inches of earth  so as to prevent a health  hazard or nu isance. The final 
compacted earth cover sh a ll be a minimum of 2 feet in depth. Where san ita ry  landfill operations are pro
posed, the Department w ill require the following.

1. The landfill shall be located so  tha t seepage w ill not create a health  hazard, nu isance , or 
cause pollution o f any w atercourse or water bearing s tra ta .

2 . Adequate and proper surface drainage shall be provided to prevent ponding or erosion by rain
w ater of the finished fill.

3 . P rovision sh a ll be made for the control o f in sec ts , roden ts, wind blown refu se , and acciden ta l
fire. .

4 . Burning of refuse is  prohibited.

5. An a ll w eather access  road is required.

6 . Suitable equipment and operating personnel shall be provided.

7. Salvaging, if  permitted, sha ll be rigidly controlled.

B. Incineration - •Where incineration is  to be employed, the plans and spec ifica tions, along with 
any other information necessary  to evaluate the project, sh a ll be subm itted to  the Department and approval 
received prior to construction. In addition, an approved method for the d isposal of non-combustible reftise 
is required. Where incineration is proposed, the following items sh a ll be provided.

1. The capac ity  o f the incinerator sh a ll be su ffic ien t for the maximum production o f reftise
expected.

2. Noncombustible refuse shall be d isposed of by methods approved by the Department.
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3. Skilled personnel to assure the proper operation and maintenance of the fac ilities  in a nuisance* 
free manner.

C . Composting -  This method of d isp o sa l is accep tab le to the Department under the following 
conditions:

1. T hat plans and specifications end other information necessary  to evaluate the pro ject am  
submitted to the Department and approval received prior to s ta rt o f construction.

2 . T hat provisions are made for the proper d isposal of a ll refuse not considered suitab le for 
com posting.

3 . Skilled personnel sha ll be provided to assu re  the proper operation and maintenance of the 
fac ilities  in n nuisance-free manner.

D. Garbage Grinding - This method, involving the separate collection  and d isposal o f garbage into 
a community sewerage system  through commercial type grinders or mandatory community-wide insta lla tion  
of individual household grinders, w ill be acceptable to the Department provided tha t su itab le means sha ll 
be provided for the d isposal of all remaining refuse.

E . Hog Feeding -  T his method of d isposal will only be approved under the following conditions!

1. The garbage is co llected  and stored in su itab le containers.

2. Only approved type veh icles are used for collection .

3. All garbage is effectively  heat-treated  in accordance with C hapter 7 , A rticle 3 , A .R S . 24-941.t 
through 949.

4. A ll remaining refuse, including nonedible garbage, is co llec ted  and disposed  of separate ly  
by methods approved by the Department.

F . Manure D isposal - Manure sh a ll be disposed of by san itary  landfill, com posting, incinerating, or 
used as  a fertilizer in such a manner as not to create in sec t breeding or a  nu isance.

(A m ended R eg . N ovem ber 1971)
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Federal Legislation on Solid Waste Disposal 

A review of the federal legislation is as follows (U.S. Depart

ment of Health, Education, and Welfare, 1965, 1970a, 1970b):

Solid Waste Disposal Act of 1965 (PL89-272)

Title II of this congressional act authorizes the Department of 

Health, Education, and Welfare or HEW (The Bureau of Solid Waste Manage

ment was under HEW's control at this time), "(1) to initiate and accel

erate a national research and development program for new and improved 

methods of proper and economic solid waste disposal; and, (2) to provide 

technical and financial assistance to state and local governments and 

interstate agencies in the planning, development, and conduct of solid 

waste disposal programs" (U.S. Department of Health, Education, and 

Welfare, 1965, p. 5). As used in this act, solid waste disposal means 

the collection, storage, treatment, utilization, processing, or final 

disposal of solid waste.

Resource Recovery Act of 1970 (PL91-512)

"This act amended or deleted most of the provisions of the 1965 

act. Key amendments are that it provides for training grants in occupa

tions involving the design, operation, and maintenance of solid waste 

disposal systems; and make the general provisions of the earlier act 

applicable to not only disposal of solid wastes, but also resource 

recovery . . . Resource recovery means a solid waste management system 

which provides for collection, separation, recycling, and recovery of 

solid wastes, including disposal of non-recoverable waste residues"

(U.S. Department of Health, Education, and Welfare, 1970a, p. 2). Section
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207(a) of the act authorizes "grants to State, interstate, municipal, and 

intermunicipal agencies, and organizations composed of public officials 

which are eligible for assistance under section 701(g) of the Housing Act 

of 1954, of not to exceed 66 2/3 percentage of the cost in the case of 

an application with respect to an area including only one municipality 

and not to exceed 75 percentum of the cost in any other case" (U.S, 

Department of Health, Education and Welfare, 1970, p. 64). Under 

Section 208, grants may be obtained for construction of a new or improved 

solid waste disposal facility, varying from 50 to 75 percent of the cost 

depending on the status of the state's plan for solid waste disposal 

(U.S. Department of Health, Education and Welfare, 1970). The grants 

under this section may not be used for land acquisition, or for oper

ating or maintenance costs. This act provides grants for planning, 

training, and research but not for the actual control of solid waste 

disposal.

Reorganization Plan //3 of 1970

This plan established the Environmental Protection Agency (EPA). 

This plan transferred the departments concerned with pollution control 

from the Department of Health, Education, and Welfare to the EPA. This 

included the Bureau of Solid Waste Management. Under the EPA the 

National Air Pollution Control Administration is responsible for ad

ministering the Clean Air Act, which involves designating air quality 

regions, approving state standards, and providing financial and techni

cal assistance to state control agencies to enable them to comply with 

the Clean Air Act's provisions. Although the EPA does have more power
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because of the air pollution provisions of the Clean Air Act, Section 

3251, Title 42(6) states "that while the collection and disposal of solid 

waste should continue to be primarily the function of state, regional, 

and local agencies the problems of waste disposal as set forth above have 

become a matter national in scope and in concern and necessitate Federal 

action through financial and technical assistance and leadership in the 

development, demonstration, and application of new and improved methods 

and processes to reduce the amounts of waste and unsalvageable materials 

and to provide for proper and economical solid waste disposal practices'.' 

(U.S. Department of Health, Education and Welfare, 1970a, p. 154). The 

EPA has entered into solid waste disposal concerns by issuing court in

junctions and cease and desist orders under the provisions of the Clean 

Air Act to stop the open burning of refuse in the disposal facilities 

around the state.

These acts typify the federal government's attitude towards pollu

tion control. Pollution control is the concern of the states and the 

only time the federal government will become involved is in disputes . 

between states. The federal government will also provide funds for 

research into pollution control but will not provide finances to operate 

a solid waste disposal system.

The Arizona State Department of Health is currently attempting 

to set up a state-wide solid waste management system. Copies of the two 

laws under which the Department of Health is now trying to force the 

communities to provide sanitary disposal of solid waste are in the first 

part of this Appendix. These are the Rules and Regulations for Refuse

and Other Objectionable Wastes. Article 2, Part 4 and Rules and



Regulations for Subdivisions, Article 2, Part 10. Currently there are no 

laws which mandate compliance with these rules. Therefore, air pollution 
and subdivision laws are being used to obtain compliance.
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APPENDIX D

DATA REQUIREMENTS FOR LEAST-COST MODEL

In designing a solid waste management system, several data 

requirements must be met. These requirements are presented in outline 

form:

I. Area data

A. population estimates for years under consideration

B. possible landfill locations

1 . size of these landfills in acres

2 . capacities of these landfills (total waste disposed 

of during life of site)

C. changes in commercial and industrial sectors over time

D. road distances between sources and potential disposal 

sites

II. Collection data

A. The number of collection trucks available in present 

system.

1 . volume capacity of these trucks

2 . number of truck operators

B. The number of collection bins in present collection 
sys tern.

1. Capacity of bins.
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III. Disposal Data

A. Location of existing landfills.

1. Capacity of these landfills (total amount of waste 

that can be disposed during the life of the sites).

2. Size of these landfills in acres.

3. Average daily number of truckloads delivered to each 

landfill.

4. Amount of fill required by landfills (only include if 

it is required to haul in fill).

5. Sanitary report on existing facilities.

IV. Cost Data

A. Collection Cost Data

1. Fixed costs.

a. purchase price of collection bins

b. collection supervisor^ salary

c. collection operator's salary

d. interest, insurance, taxes, and depreciation on 

collection equipment

e. interest, insurance, taxes, and depreciation on 

collection bins

2. Variable costs.

a. annual cost of oil, gas, and repairs for collec

tion trucks

b. miles traveled annually by collection vehicles
B. Disposal cost data.

1. Fixed costs.
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a. land acquisition cost

b. purchase price of disposal equipment

c. fencing cost

d. cost of access road

e. cost of initial grading
f. planning and designing costs

(i) legal fees

(ii) consulting fees 

(ill) surveying costs

(iv) potential site investigation costs

g. administrative costs

h. depreciation costs on disposal equipment

i. educational costs— costs of informing the resi

dents of benefits of sanitary, efficient solid 

waste management

j . interest on initial investment on disposal 

facilities and disposal equipment

k. overhead costs (utilities, supplies, etc.)

2. Operating costs.

a. operating personnel costs

b. cost of oil, grease, filters, and repairs on 

disposal equipment



APPENDIX E

CALCULATION OF TRACTOR ANNUAL OWNERSHIP COST

This calculation was made by totaling the component costs of 

owning a D6C crawler tractor. These component costs are the deprecia

tion costs, interest costs, and insurance and tax costs. The depreci

ation costs were calculated as:

annual depreciation - Initial price - a a l ^ e  ualue 
r years of life

where: initial price = $46,500 (Bauman, 1973)

salvage value at year 10 = $13,717.50 (Bowers, 1970, p. 35)

life is assumed to be 10 years.

$46.500.00 - $13.717.50therefore, annual depreciation $3,278.25/year.

The interest costs were assumed to be 8 percent of the average investment 

where:
average investment « beginning investment + salvage value

Ivere: beginning investment ** $46,500

salvage value = $13,717.50 

Therefore, average investment = $30,108.75 

The interest cost then is 8 percent of $30,108.75 or $2,408.70. The 

insurance and tax cost were estimated to be 2 percent of the initial 

price or $930. Therefore, the annual ownership costs were $3,278.25 + 
$2,408.70 + $930.00 or $6,616.95.
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APPENDIX F

CALCULATION OF ANNUAL OWNERSHIP AND OPERATING 
COST OF TRUCK USED TO HAUL CRAWLER TRACTOR 

BETWEEN LANDFILLS

The annual cost of the truck required to haul the D6C crawler 

tractor between the landfills in the final solution was estimated by 

totaling the component owning costs. The component owning costs are 

the depreciation costs, interest costs, and insurance and tax costs. 

The depreciation costs were calculated as:

annual depreciation

where: initial price = $14,000 (Sundquist, 1973)

salvage value at end of year 10 = $3,000 (Sundquist, 1973) 

Assuming a 10 year life, the depreciation costs equal 

$1,100/year.

The interest cost was assumed to be 8 percent of the average 

investment where:

initial price - salvage value 
years of life

$14,000 - $3,000 
10

average investment - beginning investment + salvage value

where: beginning investment = $14,000 (Sundquist, 1973)

salvage value = $3,000 (Sundquist, 1973) 

therefore, average investment = $8,500 

The interest costs then are 8 percent of $8,500 or $680.

The insurance and tax costs were estimated to be 2 percent of the 

Initial price or $280. Therefore the annual owning costs were $1,100 +
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$680 + $280 or $2,060/year. The operating costs of the truck were 

assumed to be $.50/mile (Sundquist, 1973).



APPENDIX G

CALCULATION OF ANNUAL OWNERSHIP COST OF TRAILER

y

The annual cost of the low-boy trailer required to haul the D6C 

crawler tractor between the landfills in the final solution was estimated 

by totaling the component owning costs. The component owning costs are 

the depreciation costs, interest costs, and insurance and tax costs. The 

depreciation costs were calculated as:

annual depreciation = initial price - salvage value 
r years of life

where: initial price = $8,000 (Sundquist, 1973)

salvage value at end of year 10 = $4,000 (Sundquist, 1973)

Assuming a 10 year life, the annual depreciation costs $8,000 - $4,000

or $400 a year. The interest cost was assumed to be 8 percent of the 

average investment where:

average investment beginning investment + salvage value

where: beginning investment = $8,000 (Sundquist, 1973)

salvage value = $4,000 (Sundquist, 1973)

Therefore, the average investment = $6,000

The interest costs then are 8 percent of $6,000 or $480. The 

insurance and tax costs were estimated to be 2 percent of the initial 

price or $160. Therefore, the annual owning costs were $400 + $480 + 
$160 or $1,040.
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APPENDIX H

The calculation of the average weekly mileage traveled by Clifton 

collection vehicles (presented in Chapter III) was estimated in the 

following manner:

(1) = 2 (number of street miles in Clifton)
There are 13 miles of streets in Clifton (Danenhauer, 1973).

= 2 x (13) = 26 miles/week.

(2) Mg = (5) x (2) x (distance from garage to collection dis
tricts). It is 1/4 mile from garage to center of Clifton 
(Danenhauer, 1973).
Mg = (5) x (2) x (1/4) = 2.5 miles/week.

(3) M g =  5 [2 x (average number of truckloads to the landfill/ 
day) - 1 ] (average distance to the landfill).
The average distance to landfill * 5.0 miles (Danenhauer, 
1973). The average number of truckloads to the landfill 
was estimated by: population x generation x tons/pounds
x truckloads/tons = truckloads/day where population *
5,087 people (Danenhauer, 1973);
5.0 Ibs/capita/day (Badger, 1972, p. 3), tons/lbs » 1 ton/
2.000 lbs;
truckloads/tons = 1 truckload/3 tons (Morse and Roth, 1970, 
p. 72) therefore average number of trucklaods = 5,087 x 5.0 x

2ooo x "3 = 4.891 truck/day and M^ = 5 [2 x (4.891) - 1] x
(5.0) = 219.55 miles/week.

CALCULATION OF M VALUES
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(4) = (5) x (2) x (distance from landfill to garage)
The distance to garage from landfill = 4.5 miles^ 
therefore = (5) x (2) - (4.75) = 47.5 miles/week

Thus average weekly miles = .+ Mg + + M^ or

26.0 + 2.5 + 219.55 + 47.5 = 295.55 miles/week.

1. 5.00 miles to Morenci landfill from Clifton
- .25 miles to garage from Clifton on the same road 
4.75 miles from Morenci landfill to garage



APPENDIX I

CALCULATION OF ANNUAL OWNERSHIP 
COST OF COLLECTION VEHICLE

The annual cost o= the collection vehicle used in the estimate of 

the cost of transportation (c^) was estimated by totaling the component 

owning costs. The component owning costs are the depreciation costs, 

interest costs, and insurance and tax costs. The depreciation costs were 

calculated as:

annual depreciation initial price - salvage value

$27,000 - $5,000

years of life

where: initial price = $27,000 (Wentworth, 1972, p, 52)

assumed salvage value = $5,000 

Assuming a 6 year life the depreciation costs equals 

$3,666.66/year.

The interest costs were assumed to be 8 percent of the average 

investment where:
average Investment - investment + salvage value

where: beginning investment = $27,000 (Wentworth, 1972, p. 52)

assumed salvage value ■ $5,000 

Therefore, the average investment equals $16,000.

The interest costs then are 8 percent of $16,000 or $1,280/year. 

The insurance and tax costs were estimated to be 2 percent of the initial 

price or $540/year. Therefore the annual owning costs were $3,666.66 + 

$1,280 + $540 or $5,486.66/year.
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APPENDIX J

DESCRIPTION OF INPUT FORMAT 
FOR COMPUTER PROGRAM

The computer program used in this study was adapted from Systems 

Analysis for Regional Solid Waste Handling (Morse and Roth, 1970, p, 1-3, 

1-8). The program follows seven basic steps. They are:

(1) Read input data.

(2) Calculate values for all sources and facilities.

(3) Call generating subroutine for first possible selection.

(4) Make facility and source assignments.

(5) Calculate total cost of these assignments.

(6) Print cost.

(7) Call generating subroutine for next selection. Repeat 
procedure until all possible selections are generated.

The program deck is followed by the input data. The input data is given

in three sections: system data, facility parameter data, and distance

data. The system data is input in the following order:

Card 1: NCASE = number of cases

Card 2: NS = number of sources

Third set of cards: (Q[I]) = source quantities (NS of them)
eight to a card

Fourth set of cards: (x,y coordinates of sources) = source loca
tions (NS pairs) four pairs to a card
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Card 5: N = number of facilities
NPP = number of processing plants 
NDS = number of disposal sites

Card 6: JIN (J) = facility names (N of them) eight to a card
(usually the first N integers are used).

Seventh set of cards: (x,y coordinates of the facilities) ■
facility locations (N of them) four pairs 
to a card.

Next the facility parameter data is input into the computer. For each 

facility in the analysis a facility card is required. The program is set 

up to make multiple runs. If this is done a new facility card is required 

for each run. Therefore if you have NCASE runs and N facilities you must 

have NCASE x N cards in all. If processing plants are in the analysis 

each processing plant card must include:

PFC = processing plant fixed costs 

PCIN = capacity expansion coefficient 

PPG = variable costs of processing plant

PCOMP * volume reduction coefficient of the processing plant

PCTO = transportation cost per mile of hauling a unit quantity
of output of the processing plant to the disposal facility

PCTTPP = transportation cost per mile of hauling a unit quantity 
of refuse to the processing plant in collection vehicles

Each disposal site card must include:

DFC = disposal site fixed costs

DFCIN = capacity expansion coefficient

DDC = direct disposal costs of the disposal facility

DCOMP = volume reduction coefficient of the disposal facility
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DCTTDS = transportation cost per mile of hauling a unit quantity 

of refuse to the disposal site in collection vehicles

There are N facility cards, each containing the corresponding 

information of that facility. Next the distance data is input into the

computer program in the following format:

Tenth set of cards: s = distance from processing plants to 
disposal sites (NNP distances per 
cards)

Eleventh set of cards: s = distances from sources to. 
facilities (N distances per 
card) (NS cards in all)

Accordingly the entire deck will be set up in the following sequence:

(1) Program deck

(2) System data (7 sets of cards)

(3) Facility parameter data (N cards)

(4) Distance data

(a) with processing plants (NDS cards) + (NS cards)

(b) without processing plants (NS cards)

The following six pages are a listing of the computer program.



FTN 4.0+P357_____12y:£>ZZ-l__23,13.L5 1___73/1J___QP.t=l. -PAGE .

_ia_

4J

— PRUCRAM F6CSEL (INPUT.,OUTPUT)__________________________________________
COKKON/JOO/ ITST,N,K,JINCiOliJOUTlSOleJOJTTfSeifXiABISeieOISTFOl 

120,20),OIiTSc (200,20)
_COMMON/:,')3T/ PFC (20) ,PCIN (20) ,HPJ (20) .P^OMPtZO) ,PCT0( 20) ,<>CTTPP(_
220) ,3F';(2 0) ,DFCIN (20) ,UU:(20) , DCOMP (20 ) , DC T TOS ( 2 0) , C ( 2 0) , Q ( 2 0 0 ) , 
2JFOUAL(200),JPRE3(201),XS(200),Y5(200l,XF(20),YF(20),AK(200,20>,

_UTc.MP(?00 I , J P R t M L i m j _________________________________________________
DIMENSION D J J(8,9)
DJJ(1,l)=0.00 

.„0J.H1,2) = 11.10
r j j (i, j> =13.15
DJJ(1,^)=19.60

__OJJ( 1,3>.= 24.40___
OJJ(l.G)=33.40 
CJJ(1,7)=37.70

_DJJ(1,R) =35.90___
OJJ(?,1)=11.10 
LJJ(2,2)=0.0

_.0 J J ( 2, i) =5.45_____
DJJ(2,41=12.40fi i i # •> r \ *■>«*-'«*■» • — > * • • • •• w

_ D  JJ(2,6)=2fc.20 __
DJJ(2,7)=33.50 
C JJ(2,8)=?tt.60

_OJJ( 1,1) =13. 15 __
QJ j( 1,2)=5.45 
nJj(3,3)=0.0 
DJ H  (, 4) =o.45 
r ji( 3,5) =14.25 
uJJ(3,o)=23.55
= J J( 3,7) *27.55___
C; ;j( 3,1i> = 25.c5 
G JJ( ♦, 1) = 1 3.60 
O J J(4 ,2)=12.40 
r JJ('. . 31 = 3.45 
DJJ(.,.) = 0.0

.. D ; )( v) = 4.90____
DJJ(4,o )=13.90 
CJJ(4,7)=13.10 
O JJU, )) = 16. ?0 
GJJ(5,1)=24.40 
l JJ(.7,2)=17.20
CJJ(5, .3) =1..25___
DJJ (5,'-)=<♦. PC 
OJJ(5,5)=C.OO 
CJJ(3,S)=9.00 
DJJ(3,7)=13.30 
DJJ(5,«)=11.40

_O J J ( j , 1) = 33.40____
CJJ(6,2)=2o.20
C J 1(6,3)=23.55
rJJ(6,4)=13*80 ___
OJJ(6,3)=9.00 
OJJ(8,d)=0.0
DJJ(6,7)=4.50_____
OJJ(b,81=6.60 
DJJ(7,1)=37.70

00Vi



_____ S/JJ(7,2)-30_.5<!_______________________________________________________________________________________
DJJC7,Jl =27.55 
0JJ(7,«)=10.10
UJ J( 7,-j) = 5.5C 
f)JJ(7, ') =0.0

_____ v‘!JJ( 7, 0) =7.50________________________________________________________________________________________
3Jj<3,n = J5.eo 
OJJ(i,?)=21.50

_____ul HI. 0=25.65________________________________________________________________________________
CJJ( i, = 16.20 
UJJ(0,5)=11.40

_____OJJ(0,6)=6.50________________________________________________________________________________________
"OJJtO, 7) = 7.50
')JJ( 3, 0=0.0 &

---- fc®'>L = . CCuOl_________________________________________ __________________________________________. —
-LAO 51Jtj.NCaSE 
»rA3 5103,NS

JlCu.CO<v»T(ItO>.________________________________________________________________________________________
READ 1001, (0(1) ,1 = 1,NS)
*6AO U01, (XS(I> ,YS(I),I=1,NS)

1001 FORMAT(SF1Q.0) _________________________________________________________________________
FtAO 1000, N.NPP.NOS 
REA') 103 0 , ( JIM (I) , I = 1« N )

lOPP.FORMAT(II 10)___ ______________________________________________________________________________________
READ 1001, (XF(i>,YF(I),I=1,N)
K'JnSl= JDS ♦ 1 *

____03 5000 _ IC6SE = 1,NCASE____________________________________________________________ ;......... ........ .
If (NHP.EO.O) GO TO 2000
FEAJ 2001 ,(>FC(I),3DIN(I) ,PPC(I),PCOMP(I),PCTO(I),PCTTPD(I) , I = <
INDSl.N)

m y  READ 2032, < jf D(i),5Fcin (T)ToocT i ,"ucffosY1771*T,NOS)
2001 FORMAT(5F10.0)

DO 6 3:3 H«i«50
600 JOUTTdl) =0
___  CO 601 1 = 1,230____ ___________________________________________________________________________________

J TEMP(I)= C
601 JPRINT(I)=0

KDJT=0 ________________________________________________________________________________
PRINT <001 

5001 FORMAT(1H1>
_____ F<INT 5002, I CASE___________________________________________________________________ ;_______ 1________
50 u 2 FORMAT (25X,*CAS£ NUM JE.R », 13 ,/////)

PRINT 3000, (JIN(I),I=l,N)
30 03 FORMATdjX^AClLlTIESVlOItO). . ... _____ _____________ ________ __________________________

PRINT 3301, (QC) ,1 = 1,NS)
33 01 FORMAT (13 X’DUANT I TIES*/MEIZ.S) )
_____f^NT 1 332, NS. N.NPP.NOS______________________________________________________________________________
1302 FORMAT(lOX’NOS OF SOURCES AND FACILITIES*4110///)

F.lNT 10 13, ( X J ( i ), Y i (1) , I = l, NS )
1 Ju 1 >_0*'«A T Cl J X* Sy'JFC j. COORDINATES •/ <SX t.fiEl 5.5))__________________________________________________ ______

PRINT 19?S* tXFtDfYFtll
16 5 1 FOR IAi (13X*cAClLlTY COCRJINA T"S*/ ( 5X, •♦L15 .5 ) )
_____:e < > ! '  •»> -G ]_I0_2;3 -J.;.____ ______________________________ :____________________________________________

P •; IN T 1C j*,, (°FC( I) ,PulN( I) ,PPC(I) ,PCOMP(I),PCTO (I) , PC TTPP (I) , I 
l*KNOSl,Nf



1 o0 4 .F0 V'i AT (10 X*PROGl SSING.PARAN£TERSV (5X, 6E15.5 >.>__________________
2005 PRINT 10 54, < OFC (I > , JFCI.N (I) , DOC (I) , QCOMP (I > , OCTTOS < I > * 1*1. NDS) 
1054 FORMAT(10X*3ISPOSAl PARAHETERS*/(5X,5E15.5))

____ 1-^1^= 10*.*2.9___________________________________________________
I T 3 T - 1
IF (NPP.EG.O) GO TO 2003

_____2_CQNTINUE______________________________________________________________
K<= NOS+1
F.ZAJ 412, C(3ISTP0(J1,J2) , J1=KK,N> , J2 = l ,NOS)

__‘fl2_FOR'1AT(2F10.21_________________________________________________
2003 CONTINUE

IFTNPP.EO.J) READ 4l4
h 14_ F 0 » M AJJ.1X1_____________________________________________________

niEAD '♦IT, ( (0ISTSF{I1,I2) * 12=1,N) ,11 = 1,NS)
413 FORMAT(dFlO.2)

3-< = l
5 ITST=1
6 DO 104 1=1,50
__J 3 u r c i ) = i _____

1C 4 I T A A ( I )  = n 
*, CALL CONJ

C_ JOJT (I) 1 = 1,2,3,--< COMES 9ACK_FROM_ COM3
7 IF(IrST.EO.l>GO TO 4141 

11 IF( JOuT(l).GT.NOS ) GO TO 4
Q_ JOUT has  AT LEAST ONE 3UMP . S I T E _______________
C 3EGIN COMMUTATION OF C( J)

13 J = 1

203 Jl= JOUT(J)
201 IFUl.uT.NOS) GO TO 20b
202 = _______ ___________________________________________________

3J= .)COMP( Jl) ♦OOC(Jl)
C ( J1) = 3FCIN( Jl) t-BJ 

.203 IF(J.GL.<) GO TO 14 
205 J=J*1

GO TO 200
206_.J2 = 1 _______________ _________ ;---------------------------

UJ = 1 )**20 
207 J22= JOJT(J2)

TtMP=PCT0(Jl)*DISTP0(J1,J22)»OOC(J22)>0FCIN(J22)_________
TE.-1P= PCOMPt Jl) »TEMP*PPC( Jl)

2C3 IF( rtr.P.GE.PJ) GO TO 209_2i2_t )*. ic ____ ;---------------------- -----------
?C ) IF( J2.LT,JJ) GO TO 210 
211 v Ul>= PCI’T C Jl) ♦ JJ

210 J2=J2* l 
GO TO 207

_.14_l 3 $09 I - 1,NS______________________________________________________
00 330 J=l,<
j i=j o u r(j )
ZF(Jl.GT.NOS) GO TO 301 
t<(I,J)=C( JIH-OCTTOSC Jl) *DISTSF (I, Jl)
GO TO 30C

.3G1_><( I, J ) = GUI)_tP-.LLP.P<.JUJDISISF (Ij Jl)_____________________
300 CONTINUE 
15 AKMIN= 1J**2C



CD 905 1=1,NS 
905 jeQ'JAL (I) =0
>0? X*1 _____  _________________
40 3 J=1

i<MIN=io-*20
__40 4 IF(A<(I,J) .LT, AKMIN-EPSU GO TO 405

406 1F( J.GF.O GO TO 408
40 r j =j »i

—  GO fO 404___________________________
405 A<MiN=A<(I,J)

JTEIP(II=JOJT(J)
______JIN0=J _____________________ 1_______

GO TO 406 .
-,Ctt TMPrAKhlN’KI) ♦TMP______________

IF (J5.GT*.<) GO TO 409 
90 3 TT= A.SS ( A< CI, J3 ) -IKNIN)

_____ I F ( T T . l T . E ? 5 U  J£QJ»LII1>1 1______
IF (j l.GT.O GO TO 409 
J3=J3+1
GO TO 93 3 __ ____ _______

-»C) IF(I.GF.MS) GO TO 411

__40jUMP=0_________________________

C
413 1*1+1

GO TO -0 i
H i  t a < ( i '»j  j g 3 mpu> T o~ ano~ T s  T o c a t e o ' i f T W

41 1  6MP=0
00 500 1 = 1 , < _____ ________ ________________________

‘ J1=JCU T(I)
IF(Jl.GT.N'JS) GO TO 501
AMP = mMO*.OFC( Jl) __  ______________________

"GO to 303 
501 AM*': A'+p+PFC ( J1)
5U3 CONTINUE ___

2 "JUM A J C jNPLGTFO ANO IJ IN AMP 
CJJP* A.MP + TMP

C THIj 00 LOOP CALCULAIFS TRACTOR TRANS COSTS__________
TOT ALO*3•0 
DO 52C 111=1,50
IF (III.d O.UIpESTN.JOUTd)________________________
IFdll.F ). i) GO TO 519 
IF((JOJT(III1.ca.OUIO?IGIN=I0£STN
IF( (.10 JT (IIII.EO.O) I t o e s t n*JO'JT (1)_______________
I F U O U T C i m  .EQ.O.ANO. JOUT(l) .EQ. If IOESTN=JOJT(21 
IF((JOJT(III I.E3.0)) GO TO 518
ID0! GI '(= IOE3 TN _____________,___________
lOESTNsJOUTCIIli

518 IF(lOnlilN.EO.1) GO TO 520
_IF(INF 5TN* £3.I) _GO TO 520_________________________
TOTALO*rjf«LO*OUJ(X3RXGIMtXOE$Tm
IF (IONISIN'.to. 1) rOTALO = TOTALO-DJJ ( IORIGIN , IOESTN) 
IF(I OFJTU•E3•1)TJTALD = T0TALO-OJJCIORIGIN,IOESTN) 
IF((JOJT(III).E3.0)) GO TO 521

519 CONTINUE
523 CONTINUE____________________________________________
= 21 TOTAL if = TOTALO 

•SFC1=23008.35

0000



_____SFC2 = 4iOOMl56»TC!TALD*____________________________________________
IFdOTfluD.EC.O.O) SFC2 = 0.0
IFtJOUr(l).FQ.l.ANJ.JCJT(2).EQ.01SFC1=0.0

____ IFtJOuri1).F3.t.flNJ.JOUT<2>.EQ.0>SFC2=0.0
SFCII=SFC1*SFC2
tz.ip=5f:i:«-cm?

_____PUNT..50U________________________________________________________
Pk INT ,390, (JOUT(Jl),J1=1,K)

9990 F3i<tiAT (// • THE FACILITIES 3EING CONSIJERED ARE *,2014)
DO 602 1 = 1 ,N S _____________________
JP.REQt I) = JEQUAL (I)

602 JFRINT(I)=JTEMP(I)
L7_AMIN = 7 EMP_________________________________________________________

KOJT=<
CO 730 J=l,<

_7C0 JOUTTUJL«JOU!lJ>__________________________________________________
JJ = 0 
J = i

_«OL Jl= JOUTT(J)______________________________________________________
SO? IF (Jl.GT.NQS) GO TO 807 
SOI JJ=JJ*1
424 PRINT 850,JI ________ _______________________ ________________
0:3 f ORIATtnx* DISPOSAL SITE NUMBER = *13)
F.C5 IFCJ.GE.O GO TO 353

_306_J=J,1 _________________________________________________________ _
GO TO 101 

SC7 J 2 = 1
GJJ=10**20 „ ___________________________________________________

3 lj 9 J22= UOUTTt J2)
113 1E:i? = P(:T0(Jl) *OliTPJ ( J1,J22) *000(022) ♦OFC IN (J 22)
'dll IF (T E Mr . u I. B J J «E ?SL) _GO_LO_ .812____________________________________
315 IFtJ2.UE.JJ> GO TO 315 
dlt J2=J2*1
....TO 63 9 ________  „ ... --------------------------------------------
312 JOu’-lPr J22 

UJJ= TFM»
61» PRINT 651,’ Jl, JJUMP~
651 FORMAT(5%fPROCESSING PLANT NO = * 13,5X,*DISPOSAL SITE NO. = *13)
903 J?= JUU:1 >♦!
9C2 IF (J2.uT.JJ) GO TO 305
___ J22= JGJTT ( J2) _ . ____________________________________________

TEm»=PCT1(Jl)*0ISrP3(Jl,J22)*00C(J22)*0FCIN(J22)
T13J= A3 5 (TEMP-3 JJ)
IF(T,inj.LT.EPSL) PRINT 651, J1.J22 _________  ____
IF(J2.GE.JJ) GO TO 305 
J2=J2+1

351 PRINT jl*i ANIN
iu- FO\MAT(10X*.MINIMUM COST * *El2.6Z/)

PRINT 852, (I, JPRINT (II ,JPRE0!I) ,1 = 1, NS) .. _________ ________
352 FORMAT(1IX,’SOURCE NO. FACILITY ASSIGNMENT EQUALITY TE

1ST*/(115,123,125))
____G.0 _TO_j»-------------------------------------------------- :---------
4141 IFU.GE.N) GO TO 10 

9 K = < H



____G0 TJ ?_______
10 P*INT 5001 

PRINT 9973
9370 FORMAT(SOX,^COMPLETE. COST MATRIX*,///) 

00 9931 1=1,NS
9931 P R U T  9932, < I, J , A< (I, J) , J= 1, N>

J H « 2  F0RMAT(/,5(2X,I«,,2X, lu,2X.,tU.5U5033 CONTINJc STOP

VOO



APPENDIX K

CALCULATION OF ANNUAL COST OF COLLECTION BINS 
USED IN RURAL COLLECTION SYSTEM

Residents and solid waste disposal planners may wish to know 

what it would cost to set up a rural collection system. The rural 

collection system consists of a packer truck (25 cubic yard capacity) 

which collects solid waste stored in collection bins (8 cubic yard 

capacity) stationed at convenient locations in the rural areas of the 

County. The collection bins provide a convenience to the residents, 

since they would often be closer to the bins than the disposal sites. 

Thus not only would their transportation costs be decreased, but home 

sanitary conditions may be improved if residents "dispose11 of refuse 

more frequently.
Since Duncan and Clifton have municipal collection systems their 

sources are excluded from the analysis. Using the 1980 generation rate 

of 8.0 Ibs/capita/day (Badger, 1972, p. 3) and assuming a 50 percent 

capacity of the collection bins to allow for excess during peak periods 

of use, the number of people that can use one collection bin can be 

determined. Assuming bi-weekly collections and 8.33 cubic yards of un

compacted solid waste equals 1 ton of refuse, the calculations to deter

mine the number of people who can use one collection bin are:

8 cubic yards = .96 tons or 1,920 lbs.

Therefore one 8 cubic yard collection bin can handle .96 tons/week; and
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8.0 lbs/capita/day x 7 days = 56.0 lbs/capita/week, therefore 

1,920 Ibs/week 7 56.0 Ibs/capita/week = 34.286 people.

Thus one 8 cubic yard collection bin can handle the generation of 34 

people each week. By dividing the population of each rural area by the 

bin capacity (service 34 people) the number of bins needed to serve each 

area is determined:
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1980 Population Number of Collection 
Bins

Verde Lee 209 6

Loma Linda 488 14

York Valley 2,314 68

Apache Grove 697 20

Franklin 697 20

TOTAL 4,405 128

8 cubic yard containers cost $460 a piece and a 10 year life with a zero 

salvage value is assumed (Heise, 1973). Therefore the annual cost is:

128 bins x $460/bin = $58,880 cost of bins
_ „ $58,880yearly cost equals---— $5,888 per year.
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