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Abstract
Local decisionmakers will find this budget analysis
useful in evaluating the need for small community
wastewater collection, conveyance, and treatment facilities. Capital and operating costs are projected for
a hypothetical community of about 2,000 people
(breakeven rates for this community for residential
hookups equalled $9.24 per month). Supporting data
for the local budgeting and decision process were
gathered from recently built facilities in the Ozarks
and non-Ozarks regions of Oklahoma and Missouri.
Blank forms to help estimate demand, capital costs,
and annual profit or loss are presented. Federal and
State funding and regulations are discussed.
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Note
The general layout, detailed plans, and equipment
specifications of public sewer systems must be prepared by a registered engineer.
This report concerns only centralized sewer systems
in which wastewater is collected from individual
users by lateral pipes and then conveyed through
interceptor pipes to one or more central treatment
plants. In areas with low population density, such
centralized systems may not be economically feasible. One alternative may be the installation of individual package treatment plants using mechanical
aeration, with the local community government providing management and maintenance.

Preface
Local decisionmakers can use this handbook to initially plan the developing, expanding, or upgrading of
central wastewater collection, conveyance, and treatment facilities. Initial design approximations, developed with the help of this handbook, will enable
citizens to make important budgetary and rate structure decisions.
Forms for the estimation of future population and
wastewater flow; capital costs for collection, conveyance, and treatment facilities; annual revenue; annual proñt (loss); and monthly sewer rates are
presented. An example for a hypothetical community
is shown utilizing these forms as an aid to the decision process. Blank forms are presented in appendix
B for local use.
Only three of the available treatment alternatives
were presented here. Many other forms of secondary
treatment are available as well as tertiary (advanced)
treatment. The three presented are perhaps the most
economically feasible for small rural communities,
but others should be investigated upon recommendation of a consulting engineer or other knowledgeable
source. Alternatives to conventional sewers—pressure
sewers or vacuum sewers—are also available.
If the decision process goes beyond these preliminary
stages, a consulting engineer should be hired to design the system. Consultation with the appropriate
State agency throughout this design process should
assure that the wastewater collection, conveyance,
and treatment facilities will meet Federal and State
regulations and provide adequate service to the
community.
Federal and State sources of funding for wastewater
treatment should be investigated as well as Federal,
State, and local regulations affecting such systems.
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Central Wastewater Collection
And Treatment Feasibility
Guide for Local Decisionmakers
In the Rural Ozarks
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Michael Fessehaye
Introduction
America's drinking water and sanitation problem is
commonly seen as an urban malady (21)} Some rural
residents have an even greater problem. Many rural
communities escape the more exotic industrial pollutants only to face garden-variety bacteria and chemicals thriving in primitive water supplies tainted by
crude sewage disposal facilities. This bulletin can
help local decisionmakers develop budget analyses
for various wastewater collection, conveyance, and
treatment facilities designed to protect the rural environment from these problems.
About 73 percent of the U.S. population was served
by some type of central wastewater system in 1978.
Ten percent of these had no treatment facilities,
while 57 percent had inadequate treatment facilities,
requiring some upgrading. The remaining 33 percent
(53 million people) of those served by a central system had secondary or better treatment [10].
The traditional rural-to-urban migration trend has
been reversed. There is now a net movement of people from metropolitan areas to the suburban fringe
and to smaller rural communities (1). Oklahoma's
population increased 6 percent between 1970 and
1975, while the population of its rural Ozarks region
increased 8 percent. Missouri's population increased
by 2 percent, while its rural Ozarks region experienced a population increase of 11 percent.
As such population trends persist, people move further away from wastewater treatment facilities, live
at a lower population density, and often leave open
spaces between developments which may be filled in
later. The first few people settling in one of these developing areas can, if soil conditions are right, use
individual septic tanks and absorption fields for handling wastewater. However, as development continues and population density increases, septic tanks
become less environmentally acceptable for waste
disposal.
The Federal Water Pollution Control Act Amendments of 1972 (PL 92-500), seeking to upgrade the
^ Italicized numbers in parentheses refer to items in References section.

Nation's water quality, addresses this rural wastewater problem. It encourages residents of such areas
to seek viable alternatives to present systems of
wastewater collection, conveyance, and treatment.
Objectives
This handbook summarizes wastewater issues into a
planning format for rural decisionmakers. These
decisionmakers can use this planning tool to:
1.

Estimate needs for such facilities.

2.

Determine treatment alternatives available
that are in line with State and Federal guidelines.

3.

Estimate capital (initial construction) costs for
collection systems and treatment alternatives
identified.

4.

Estimate annual operating costs.

5.

Estimate annual total costs and total revenue.

6.

Determine alternative sources and methods
of funding available for these facilities.

Sections which estimate needs and describe available
treatment alternatives are presented. Capital costs for
both collection systems and treatment plants are then
summarized, followed by a section on annual operating costs.
Sample facilities were developed for a hypothetical
community in the study area. Forms to help determine needs, capital and operating costs, and a sewer
charge structure for this community are presented.
Blank forms are then included in appendix B for
local use.
Estimates developed with this guide will help community officials decide whether it is worth proceeding
further with the idea of developing a wastewater
treatment system. These estimates cannot, however,
substitute for detailed estimates based on comprehensive engineering studies of the specific situation.

Communities differ too much in their topography, geology, and other conditions for an estimate based on
averages to be more than a first approximation of
final cost.
Data and Study Area
Data in this study came from recent wastewater collection, conveyance, and treatment plant projects partially funded by the Farmers Home Administration
(FmHA) in Oklahoma and Missouri. Bid data from
these projects were utilized in the capital cost analysis. Operating budgets were used to estimate annual
operating costs. Data on the number of users and
monthly rate structures were collected from FmHA
records.
Capital costs for the wastewater facilities in the
Ozarks area of Oklahoma and Missouri were estimated to be higher than in other areas of these
States, primarily because of special topographic and
soil conditions of the area. This bulletin demonstrates
this difference by presenting capital costs for both the
Ozarks and non-Ozarks areas of the two States (fig. 1).
Data from 23 projects were used for the analysis of
capital costs. These projects covered facilities ranging
in size from 60 to 463 hookups. Operating cost data
came from 13 projects.^

Estimate of Needs
The quantity and nature of wastewater from residential areas vary with geographic location, the standard
of living, the type of dwelUng, and other socioeconomic factors within the community. Quantity and
nature also vary with the time of day or season at a
given location. These variations with time are considered when designing a sewer line. The volume of
wastewater discharged from residential areas varies
from 40 to 100 gallons per person per day (20).
Current and prospective population size needs to be
considered when evaluating the type and design capacity of wastewater collection and treatment facilities. Most State guidelines suggest that population
numbers be projected 25 to 50 years. Some overdesign is recommended since parts of these facilities
are not easily expanded as needs grow. Decisionmakers must understand, however, that capital and
2 Wastewater projects were often initiated by a public works authority already providing water. Operating cost data were then combined for both aspects of the authority's revenue sources. Such budgets were not utilized
here. Those reporting data for sewer systems only were included.

operating costs are higher for larger facilities operating at less than design capacity (especially at less
than 90 percent of capacity).^
It is often recommended that 100 gallons per person
per day be used to estimate sewage flow rates.^ This
estimated flow rate times the future population plus
estimated flow from major water-using industrial establishments should indicate the design capacity of
the treatment facility. Another estimate, based on
some knowledge of community growth in both residential and commercial aspects, may be arrived at by
applying data from table 1 to form 1 (presented later
in this handbook).
Some agencies allow exceptions to the 100-gallon
standard for estimating pipe and treatment plant size
for small, nonmetro communities. The Missouri Department of Natural Resources, for example, may
allow a standard of 50 to 75 gallons per person per
day for towns of less than 3,500 population. The U.S.
Environmental Protection Agency may allow a standard of 60 to 80 gallons per person per day.

Design Considerations for Collection and
Conveyance Systems
Pipe, manholes, cleanouts, lift (pump) stations, and
other instrumentation make up the system that collects and carries wastewater to the point of discharge
or treatment. Major components of the system, their
uses, and their points of application are described in
this section. Other components such as flowmeasuring devices and grease traps may also be
necessary.
Pipe
Vitriñed clay, asbestos-cement, precast concrete, plastic pipes, and cast-iron or ductile iron pipes account
for most sewer lines. No single material is best suited
for all applications; the choice depends on availability, type of waste, waste transport method, design
considerations, and capital cost per unit. A tradeoff
between cost and engineering considerations is usually necessary when choosing among materials of
similar performance characteristics.
' Wastewater treatment plants operating at less than design capacity have
substantially higher operating costs per million gallons treated than plants
treating flows at design capacity (90 to 110 percent). Overloaded plants have
lower average operating costs per million gallons treated than plants
processing flows at hydraulic design capacity (4).
* This allows for groundwater infiltration into the lines which typically
adds 20 percent to daily wastewater flow figures.

Figure 1

The Ozarks Region of Oklahoma and Missouri

Table 1—Wastewater flow rate estimating guide^
Flow rate

Type of establishment

GaJJons per day
Apartments (per capita)

60-75

Camps (per capita):
With central comfort station
Construction, semi-permanent
Day, no meals served
Resort, limited plumbing
Luxury

35-50
50
15
50
100

Churches (per seat)

5

Dwellings:
Single family (per capita)
Cottages, seasonal occupancy (per capita)
Trailer park (per space)

75
50
150-250

Factories, exclusive of industrial wastes (per employee)

25-35

Hospitals (per bed space)

250

Hotels, private bath, 2 persons per room (per occupant)

60

Laundromat, self-service (per washer load)

50

Motels (per bed space)

40

Picnic parks (per capita)
Restaurants (per patron):
Toilet and kitchen wastes
Addition for bars
Schools (per student):
Boardinc
Day, witnout gyms, cafeterias, or showers
Day, with gyms, cafeterias, and showers
Day, with cafeterias but without gyms or showers
Service stations (per vehicle served)
Stores (per restroom)

5

^

10
2-3
100
15
25
20
10-12
400

Swimming pools (per patron)

10

Theatres:
Movie (per auditorium seat)
Drive-in (per car space)

5
5

Note: Data can be used in form 1.
^ Add 20 percent to the total flow arrived at using this procedure to allow for groundwater infiltration.
Source: (6).

Vitrified clay pipe is extremely resistant to corrosion
by acids and alkalies and erosion by the water's
scouring action. Hydrogen sulfide will not damage it,
but wheelloads on highways and crossings will. It can
be used as a long-term sewer if properly designed
and laid. It ranges from 4 to 36 inches in diameter
and can be used only for gravity flow sewers below
frost level.
Asbestos-cement pipe is not resistant to acids or hydrogen sulfide. However, its light weight, high
strength, ability to be used as a gravity and pressure
flow sewer, ease of handling, and its availability in
long laying lengths make it one of the most commonly used materials [20). Its diameter ranges from 4
to 36 inches, with a wide range of strengths.
Precast concrete pipe (plain and reinforced for pressure systems) has high strength and is relatively inexpensive. Susceptible to acids, it should not be used
for industrial wastes or where hydrogen sulfide is
likely to cause internal corrosion. Diameter ranges
from 4 to 24 inches for plain concrete and 12 to 144
inches for reinforced concrete pipes.
Hydrogen sulfide in the community's drinking water
or high concentrations of sulfates in the soil may
cause early deterioration of asbestos-cement and concrete pipes. This deterioration is hastened in pipes
having small flows of sewage relative to their
capacity.
The most commonly used plastic pipes are polyvinyl
chloride (PVC) and polyethylene (PE) pipes. PVC
pipes are used for building connections and branch
sewer lines while PE pipes have been used for long
lines often laid in adverse conditions such as swampy
areas and underwater crossings (8). Diameters range
from 0.5 to 12 inches. Acids and hydrogen sulfide do
not affect them.
Cast-iron pipe ranges from 2 to 48 inches in diameter.
It has high strength and can withstand great internal
pressure. It is used for pressure mains, river crossings, lift station piping, and where poor foundation
conditions exist. It is susceptible to acids.
All sewer material can be lined by protective materials such as plastic coating, coal tar, lean cement, and
bituminous material. These improve the hydraulic
property of the material and its resistance to
corrosion.
Manholes
Manhole openings are constructed in a sewer Hne to
permit service personnel to enter the sewer line or to

drive inspection, cleaning, and aeration equipment
through the line. Manholes are installed at the end of
each line, at all changes in grade, size, and alignment, and at all intersections. They are usually circular with an inside diameter of not less than 42
inches, tapering to a cast-iron frame with a minimum
24-inch opening. If the sewer line is in straight-line
alignment, manholes should be installed at a distance
not greater than 400 feet for sewers 15 inches or less
in diameter and not greater than 500 feet for sewers
18 inches to 30 inches in diameter (7).
Terminal Cleanouts
Terminal cleanouts, installed at the end of lateral
sewers, are pipes of the same diameter as the sewer
lines. They come to the surface so that cleaning tools
may be inserted to allow flushing of the lines. Cleanouts are provided with cast-iron frame and cover.
Pipe Size
Pipe size depends on the flow, the slope, and the
internal roughness of the pipe in use. Cumulative
population along a sewer line is also a key factor in
determining the diameter of the pipe used. State and
Federal regulations indicate that new lines should not
be made from pipe smaller than 8 inches in diameter
(14, 16). This size should be sufficient if the
number of people along the line does not exceed
1,000. Larger sizes are recommended if the cumulative population along the line increases to over
1,000 (table 2).
Table 2—Recommended pipe diameters for various
population sizes along a sewer line^
Population^

Pipe diameter
Inches

1
1,000
2,500
5,000
7,500
10,000
20,000
30,000

to
to
to
to
to
to
to
to

1,000
2,500
5,000
7,500
10,000
20,000
30,000
40,000

8
10
12
14
16
18
20
24

^ Calculations are based on Manning's formula using pipe roughness equal
to a coefficient of 0.013. The pipe-laying slope was adjusted to give minimum
flow velocity of 2 feet per second.
^ Industrial and infiltration sewage has been converted to population
equivalent of sewage, using 100 gallons per person per day.

Although detailed design standards and requirements
can be acquired from approving State agencies, the
following points should be considered when making
preliminary studies (7):
1. All sewer systems should be designed for the
projected population, with a design period
ranging from 25 to 50 years [20].
2.

New sewer lines are usually designed on the
basis of an average daily flow, with a recommended allowance of 100 gallons per day per
person.

3.

New sewer lines should not be less than 8
inches in diameter. House connections are
commonly 6 inches [13].

4.

Sewer lines less than 24 inches in diameter
should be laid in a straight line. If that is not
possible, manholes should be installed at every change in alignment.

Treatment Alternatives
Treatment broadly applies to any process reducing
the objectionable properties of wastewater by chemical, physical, or biological means or their combination before discharging. A treatment plant can
provide primary, secondary, or tertiary treatment. Primary treatment applies to the process that screens
bulky items, removes grit, and settles heavy solids before discharging. Secondary treatment normally follows primary treatment; it provides an environment
favorable for the rapid biologic degradation of organic matter. The more reñned tertiary treatment of
the outflow from the secondary treatment plant involves biological, chemical, or physical applications
to further reduce pollutant levels. PL 92-500 (see p. 1)
requires that secondary treatment be used in municipal wastewater treatment to achieve a defined
effluent quahty (2).
Treatment plants that may be economically feasible
for small rural communities are discussed in this section. These treatment plants may include one or two
stages of treatment. The choice of alternative types of
plants should depend on considerations of plant
efficiency, labor requirements and availability, future
ease of expansion and modification, capital and operating costs of the plant, and, most important, soil
conditions.
No recommendations regarding selection of treatment
type are made here. Each agency concerned with en-

vironmental standards has guidelines used in working with communities. These guidelines will change
as Federal and/or State laws change. Each agency
should, therefore, be contacted to determine recommendations for complete systems that comply with
current legislation.
Stabilization Ponds or Lagoons
A lagoon is a relatively shallow body of water contained in an earthen basin or dike. The treatment
mechanism depends largely on the biological interaction of bacteria, algae, and the wide variety of
plants and microscropic animals that find the lagoon
environment a suitable habitat. Bacteria and other
animals convert the decomposable organic matter to
more inert products and nutrients which foster
growth of algae in plants. The algae, utilizing these
nutrients, produce surplus oxygen through photosynthesis and thus maintain aerobic conditions for
the survival of bacteria.
Lagoons are either aerobic (operating with oxygenrequiring bacteria) or facultative (operating with a
combination of oxygen-requiring and nonoxygenrequiring bacteria).
Normally the lagoons are designed with cells or
ponds in series. The main advantage of having more
than one cell is the guarantee that some parts of the
sewage flow will not pass quickly and, therefore, untreated through the system. Having more than one
cell minimizes the possibility of some flows shortcircuiting treatment by not being held for the required detention time. The final cells are often called
"polishing cells." The number of cells making up a
lagoon treatment facility is often dictated by current
standards of treatment.
Normal depth of facultative lagoons ranges from 2 to
5 feet. Aerobic lagoons are typically 3 feet deep
when there is no mechanical aeration system present
and from 6 to 15 feet when there is. A minimum of 2
feet of water is required in the lagoons to prevent the
growth of rooted aquatic plants and weeds.
The inflow line áhould discharge near the center of
the lagoon. The outflow line should be laid on the
side opposite the incoming line (the windward side,
if possible). Manholes with a multivalve, drain-off
pipe are usually provided to offer flexible operation
and change of water depth if required.
In congested areas where land cost is very high, lagoons with mechanical aeration systems are used to
save space and improve the efficiency of the lagoon.

Existing overloaded lagoons can be equipped with
aeration systems to improve performance and treatment capacity. Aeration is performed by a float-type
mechanical aerator or air-diffuse type. Figure 2
shows a typical two-cell lagoon layout.
Lagoons are usually the least expensive type of secondary treatment plants (19). Effective and efficient
lagoon operations depend on inexpensive land costs
and favorable climatic and geologic conditions. Lagoons are noted for relatively low capital costs, ease
of operation and modification, and low maintenance
costs. Tables 3, 4, and 5 describe typical two-cell aerated (mechanical), three-cell facultative, and four-cell
facultative lagoon sizes.
Oxidation Ditches
The oxidation ditch supports an extended process
where aerobic microorganisms degrade the organic
matter in the wastewater into inert solids. It involves
the screening of bulky items, aeration of the wastewater, settling of the degraded solids, and disposal of
the settled sludge. The aerobic environment is maintained by a cage-aerator rotor that supplies the necessary oxygen. There is no algae growth necessary to
supply oxygen.
The ditch is generally an elongated oval (racetrack
shape) (fig. 3). But, depending on the configuration of
the land, it may be bent on one end, circular, or any
other shape as long as it forms a complete circuit.
The depth of water ranges from 3 to 5 feet.
Since oxidation ditches operate as closed systems,
sludge will settle on the bottom of the final settling
tank; it must be removed periodically. Sludge may be
pumped into drying beds or stored in holding tanks
for later disposal. In places where land is inexpensive and the population has not encroached on the
ditch, drying beds are economical to use.
Sludge pumps and a cage aerator-mixer are the main
mechanical equipment used in an oxidation ditch.
Operation is simple and one person with troubleshooting background is all that is needed. Some typical oxidation ditch dimensions and cage rotor sizes
required to serve various sizes of populations are
shown in table 6.
Activated Sludge Process
The activated sludge process provides a favorable environment where aerobic (oxygen-requiring) microorganisms degrade the organic matter in the waste-

water into inert solids. It involves the screening of
bulky items, the settling of heavy solids, the aeration
of the waste, the settling of the biologically degraded
solids, and the disposal or digestion of the settled
sludge. The distinctive feature of the activated sludge
process is the aerobic environment in which the required oxygen is supphed mechanically. Aeration
serves as a mixer to the waste from primary treatment processes, keeps the sludge in suspension, and
supplies the oxygen for the biological oxidation process. This process is a complex physical, biological,
and chemical treatment. It is not recommended for a
situation where skilled labor is unavailable.
Activated sludge package treatment plants can give a
satisfactory performance for small rural towns and
communities, and isolated subdivisions. They are
factory-built and ready for assembly and installation.
There is fierce competition among suppliers; the following precautions should be taken in procuring a
package treatment plant:
1. The package treatment plant should have a
certificate of performance issued by the National Sanitation Foundation.
2. Initial cost should not be the only criteria of
choosing from alternatives. Also evaluate
plant efficiency, simplicity, maintenance and
operating requirements, fabrication materials
used, and adaptability to treatment capacity
changes.
3. Manufacturer's reliability and experience
should be evaluated. Provision of prompt
service upon request should be considered.
4. Availability of spare parts and ease of
modification and expansion should be taken
into consideration.
Package treatment plants can perform as well as conventional (built on site) activated sludge units.
Trained personnel are required to operate and maintain these plants.

Capital Cost Analysis
Capital costs include expenses for initial construction
of collection and conveyance systems and treatment
plants and nonconstruction costs for engineering; interest payments during construction; and administrative, legal, and bond counsel items. Each category
is discussed in this section.

Figure 2

A Typical Aerated 2-Cell Lagoon
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Table 3—Typical two-cell aerated lagoon dimensions, minimum land requirements, and
capital costs for various wastewater flows^
Wastewater
flow

Lagoon dimensions
Primary cell
Polishing cell
Ll^
Wl'
L22
W22

Minimum
land
requirement

Capital costs^
Oz^rks
Non-Ozarks
region
region

Feet

Acres

1,000 dollars

1,000 gallons
per day
15
20
30
40
50
60
70
80
90
100
120
140
160
180
200

105
120
135
150
170
190
210
220
230
240
255
270
285
310
320

70
80
90
100
115
125
140
145
155
160
170
180
190
205
215

70
80
90
100
115
125
140
145
155
160
170
180
190
205
215

35
40
45
50
55
60
70
75
80
80
85
90
95
100
110

1.0
1.0
1.5
1.5
2.0
2.5
3.0
3.0
3.5
3.5
3.5
4.0
4.0
5.0
5.0

30.1
32.1
34.5
45.0
47.0
50.1
55.2
66.2
71.1
75.0
86.0
90.0
95.0
102.0
105.0

21.2
23.0
25.1
35.0
38.6
41.8
46.3
55.8
58.8
61.0
72.4
76.5
80.8
88.1
92.3

Note: Data can be used in form 2.
^ Dimensions are calculated on the following assumptions:
' s^rAonit'^^f "r "^u ^""^ r»**'^ "' °'u "'• ''i??.''«""^'^' T«"" •^^'"^"'* '^°^' P^' P«"°" P«' <^^y- (BOD is an indirect measure of the polluting

™mXin°autor¿TmiA7e::r'°^^^^ '''' "'" "^ "''"'"' '" "■""'«'^^"^ ''<''"' *^« '"«'""= '"^"«' '" *« «-'«' ^^^ '» »'» «""-'-' '"'

b. Average depth is 10 feet with 3 feet freeboard.
c. 30 days total detention time.
d. Side slope is 3:1 (horizontal to vertical).
^ pentter ^^' ""^'"'"^ «conditions, final effluent is expected to meet the standard of 20 milligrams of BOD per liter and 60 milligrams of suspended solids (SS)
^ See figure 2.
^ Includes clearing site, excavation, fencing, and one gate. Excludes land.

Table 4-Typical three-cell facultative lagoon dimensions, minimum land requirements, and capital costs for
various wastewater flows^
^
Wastewater
flow

Cell one
Length Width

Lagoon dimensions
Cell two
Polishing cell
Length Width Length Width

1,000 gallons
per day
15
20
30
40
50
60
70

Feet
180
240
270
300
330
360
390

90
120
135
150
165
180
195

120
160
180
200
220
240
260

90
120
135
150
165
180
195

90
120
135
150
165
180
195

60
80
90
100
110
120
130

Minimum
land
requirement

Capital costs^
Ozarks
Non-Ozarks
region
region

Acres

1,000 dollars

3.0
3.0
3.5
4.0
5.0
6.0
6.5

Note: Data can be used in form 2.
^ Dimensions are calculated on the following assumptions
a. Design flow is 100 gallons per person per day at 0.17 lb. BOD per person per day (see footnote 1. table 3).
b. Average depth is 6 feel with 3 feet freeboard.
*/ i
.
«^j
c. 90 days total detention time.
d. Side slope is 3:1 (horizontal to vertical).
e. Under ideal operating conditions, final effluent is expected to meet the 20 BOD/60 SS standard (see footnote 1, table 31
Includes cleanng site, excavation, fencing, and one gate. Excludes land.

15.8
26.9
33.7
40.2
48.5
58.4
69.5

8.9
14.1
16.3
20.6
24.3
28.6
32.7

Table 5—Typical four-cell, facultative lagoon dimensions, minimum land requirements, and capital costs
for various wastewater flows^
Wastewater
flow

Primary cell-1
Length Width

Lagoon dimensions
Primary cell-2
Secondary cell-1
Length Width
Length Width

1,000 gallons
per day
15
20
30
40
50
60
70

Secondary cell-2
Length Width

Feet
180
240
270
300
330
360
390

90
120
135
150
165
180
195

180
240
270
300
330
360
390

60
80
90
100
110
120
130

Minimum
land
requirement

Acres
88
118
133
148
163
178
193

30
40
45
50
55
60
65

88
118
133
148
163
178
193

Note: Data can be used in form 2.
^ Dimensions are calculated on the following assumptions:
a. Design flow is 100 gallons per person per day at 0.17 BOD per person per day (see footnote 1, table 3).
b. Average depth is 6 feet with 3 feet freeboard.
c. 120 days total detention time.
d. Side slope is 3:1 (horizontal to vertical).
e. Under ideal operating conditions, effluent expected to meet the 20 BOD/60 SS standard (see footnote 1, table 3).
^ Includes clearing site, excavation, fencing, and one gate. Excludes land.

30
40
45
50
55
60
65

3.0
4.0
4.5
5.0
5.5
6.0
6.5

Capital costs^
Ozarks
Non-Ozarks
region
region

1,000 dollars
18.1
26.9
36.5
44.3
53.1
64.0
75.0

11.2
17.3
20.4
24.5
29.4
36.0
42.1

Figure 3

A Typical Oxidation Ditch
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Inflow
Diversion box
and screen

Aerator rotor

i

■I
i-oy /iA'*^A,///*/'

D

Concrete or any watertight lining

Section X-X

Table 6—Typical oxidation ditch dimensions, minimum land requirements, and capital costs for various wastewater flows
Wastewater
flow'

A

B

Ditch dimensions^
C
D
E

15
20
30
40
50
60
70
80
90
100
120
140
160
180
200

F

G

Feet

1,000 gallons
per day
50
68
105
108
118
140
107
123
127
131
133
134
144
145
152

28
28
28
32
34
36
42
42
44
44
50
52
54
58
60

6
6
6
7
7
8
8
8
8
8
8
8
8
8
8

3.0
3.0
3.0
3.5
3.5
3.5
4.0
4.0
4.0
4.5
4.5
4.5
4.5
4.5
4.5

8
8
8
9
10
10
13
13
14
14
17
18
19
21
22

Minimum
land
requirement

Cage rotor^

3
3
3
3
4
4
6
6
7
7
9
10
11
13
14

7
8
9
10
11
12
13
13
14
15
16
18
19
20
21

Feet

RPM

Hp

Acres

3
3
3
3
4
4
5
5
6
6
8
9
10
11
12

65(a)
75(a
70
80
78
86
80
89
86
90
86
88
89
90
90

1.5
1.5
2.0
3.0
3.0
5.0
5.0
5.0
7.5
7.5
7.5
10.0
10.0
10.0
15.0

0.5
.5
.5
.5
.5
1.0
1.0
1.0
1.0
1.0
1.0
1.5
1.5
1.5
1.5

Capital costs*
Ozarks
Non-Ozarks
region
region
1.000 dollars
62.3
73.4
91.8
107.0
124.0
142.3
157.5
167.5
186.3
201.0
230.7
269.3
299.3
331.9
362.0

Note: Data can be used in form 2.
^
^
^
^

Design criteria for number of persons per day is based on sewage only at 0.17 lb. BOD per capita per day and 100 gallons per capita per day (see footnote 1, table 3).
For letter location and general layout, refer to figure 3.
All units are 27.5-in. diameter cage rotors operating at 6-in. immersion, except (a) which is 4-in. immersion. Rotor lengths are based on a lined ditch.
Includes site clearance, excavation, cage rotor, fencing, ditch lining, and grounds seeding. Excludes land.

Source: [17].

46.5
53.2
64.4
72.5
82.2
92.5
99.0
105.0
115.0
122.0
137.0
157.0
173.0
189.5
205.0

Collection and Conveyance Systems
Capital costs for wastewater collection and conveyance systems are those initial costs incurred during
construction of the system. Expenses include pipe,
trenching, manholes and their appurtenances, crossings, lift stations, and other miscellaneous items. Average costs for commonly used items were calculated
from bid data for 23 projects in Oklahoma and Missouri. These averages are presented in table 7 for the
Ozarks and non-Ozarks regions of these States.^
Pipe Eight-inch diameter piping is the minimum diameter allowed for public sewers. Different types of
this diameter pipe were used in the projects examined. Their average prices listed in table 7 include labor and trenching costs. Trenching at greater depths,
required in the non-Ozarks projects, is reflected in
the higher costs of pipe for that region. Due to the
^ Different prices for the regions are recorded when a large t-value for the
test of differences between means was encountered (12).

difference in soil makeup between the regions, rock
excavation added more to capital costs for the Ozarks
region than the remainder of the area.
Manholes and Appurtenances Manholes are placed
along conveyance lines to allow people to enter the
pipe for maintenance and inspection. Manholes are
placed at 400-foot intervals if the pipe is less than 15
inches in diameter; 500-foot intervals for 18- to
30-inch pipes.
Crossings When wastewater conveyance pipes are
laid, it is sometimes necessary to place these pipes
below existing highways and railroad tracks. Highways and railroads are crossed by boring under them.
Table 7 crossings costs include the boring, materials,
and labor.
Lift Stations If depth of the trench for gravity-type
sewers becomes excessive, it might become economical to lift wastewater to the surface at spaced intervals in the system to continue gravity flow and

Table 7—Summary of average costs for items used in the construction
of wastewater collection and conveyance systems, January 1979
Description of item

Unit

1

Price per unit^
Ozarks

1

Non-Ozarks

DoJJars

Pipe, installed:
8'' cast iron
8'' ductile iron
8'' vitrified clay
10'' vitrified clay
12'' polyvinyl chloride

Linear
Linear
Linear
Linear
Linear

Manholes and appurtenances:
Manholes
Cleanouts

Each
Each

Crossings:
Railroad, 15 feet
Highway, 40 feet
Lift stations, complete

foot
foot
foot
foot
foot

14.02
15.48
9.56
11.91
16.10

16.08
17.66
13.02
13.67
18.84

553.09
90.25

613.55
90.25

Lump sum
Lump sum

1,165.35
3,309.60

1,165.35
3,309.60

Lump sum

35,839.66

35,839.66
Percent

Miscellaneous items adding
percentage to cost

—

2.12

2.12

Note: Data can be used in form 2.
* Prices include labor costs.
Source: Farmers Home Administration records, State offices, Stillwater, Okla., and Columbia, Mo.
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minimize trenching costs. The sizes and associated
costs of hft stations in the sample varied considerably. The average price shown in table 7 may not
be typical of specific lift stations required in a system
and should be used only as a planning
approximation.
Miscellaneous Many other items are used in constructing wastewater collection and conveyance systems. These include various pipe fittings and concrete
work. They have been grouped and expressed as a
percentage of all other capital costs in table 7.
Treatment Facilities
Lagoon-Oxidation Ditch Items associated with building a lagoon or oxidation ditch include clearing the
site, excavating the soil, and building a fence to surround the area. Bid data from recent projects in
Oklahoma and Missouri funded by the Farmers
Home Administration (FmHA) were used to calculate
average costs for these items. Total costs, excluding
land costs, have been calculated for lagoons and oxidation ditches for various population sizes and are
presented in tables 3, 4, 5, and 6.
Package Treatment Plants Capital costs for package
treatment plants are influenced by several factors including plant size, type of tank material, type of
sludge collection method, and type and quantity of
accessory equipment (II). Plant capacity, measured in
gallons per day, is a major determinant of capitalrelated costs.
Plant tanks may be made of plastic, fiberglass, steel,
or precast concrete. The material affects capital costs
both directly, through the cost of the material, and indirectly, through the length of life of the facility. Accessory equipment, such as chlorinators and sludgeholding tanks, can have a significant impact on both
capital and operating expenses. What is standard
equipment and what is an accessory may vary with
manufacturers and may depend on plant size.
Total capital costs for plants of specified capacities
are summarized in table 8. To avoid distorting cost
analyses, list prices for plants were adjusted to reflect
a basic plant including only necessary blowers, motors, control panels, and internal piping. Accessory
equipment would increase the capital costs listed.
These costs include site preparation, plant installation, electrical work, startup, landscaping and yardwork, and nonconstruction cost items. Land costs are
not included.
14

Access Roads Access must be provided to the treatment facility. The projects analyzed here used either
crushed stone or asphalt to build access roads. Crushed stone averaged $12.12 per ton (or $2.69 per linear
foot of 4-inch thick, 12-foot wide road; $2.02 per linear foot of 3-inch thick, 12-foot wide road). The average price of asphalt was $7.33 per linear foot.

Nonconstruction Costs
Nonconstruction costs entail expenditures for administrative, legal, and bond counsel items as well as
interest payments during project construction. Engineering expenses—basic and inspection—and
contingency costs also fall into this category. Another
nonconstruction cost is the operation and maintenance manual for the treatment facility. Each nonconstruction cost in table 9 is expressed as a percentage
of construction costs. Average cost for the appropriate
operation and maintenance manual was $2,813 for lagoons and oxidation ditches and $3,651 for activated
sludge treatment plants.
An important nonconstruction cost item—land—has
been excluded from this analysis because land prices
vary so greatly between areas and change so often.
Local decisionmakers, hoivever, must not exclude
this important cost in their initial planning of the facilities. Average site size for the treatment facility
was 12.5 acres for the projects analyzed. Minimum

Table 8—Total capital costs for
package treatment plants, January 1979
Plant capacity^

Total capital costs^

1,000 gallons per day

Dollars

25
50
100
200
500
750
1,000

41,059
63,532
98,294
152,102
270,856
349,645
419,091

Note: Data can be used in form 2.
^ For approximate population equivalent, divide plant capacity by 100, the
standard per capita daily flow rate in gallons.
^ Cost of basic plant including only necessary blowers, motors, control panels, and internal piping.
Source: [11].

Table 9—Average costs for nonconstruction items
Nonconstruction item

Average cost^
Percent

Administrative, legal, interest,
bond counsel

3.4

Engineering:
Basic
Inspection

8.1
2.9

Project contingencies

5.0

Note: Data can be used in form 2.
^ Expressed as percentage of total construction costs.
Source: Farmers Home Administration records. State offices, Stillwater,
Okla., and Columbia, Mo.

land requirements are listed for lagoons and oxidation ditches (tables 3, 4, 5, and 6). Additional land
may be purchased now to allow for future expansion
of the treatment facility.

Operating and Maintenance Cost Analysis
While capital costs may be funded with Federal
grants-in-aid for construction (see later section], no
Federal subsidies are available for operating and
maintaining the treatment facilities. These expenses,
however, merit the attention of decisionmakers in
formulating the most cost-effective, long-term solution
(3).

arate categories. Total annual operating costs per
hookup should be fairly reliable, however, and useful
to local planners.
Operating efficiency analyses have indicated that the
larger the treatment plant the lower the operation
and maintenance costs per million gallons treated (up
to a limit of approximately 85 million gallons per day)
(4). Economies of size within types of plants were not
found within the size range evaluated in this analysis,
all under 1 million gallons per day.
Package Treatment Plants
Operating and maintenance costs for package
treatment plants include the day-to-day operating expenses of labor, utilities, laboratory testing, maintenance, and administrative expenses. Plant size, or
capacity, is a significant factor in determining these
costs.
Table 11 costs are based on estimates of operators or
owners (rather than accounting records) for operating
the plant only. They should, therefore, be used as
rough guidelines in estimating costs and should
probably be considered as estimates of minimum
plant operating costs [11). For the operating and
maintenance costs of the complete wastewater
Table 10—Average annual operating and
maintenance costs per hookup for
wastewater collection, conveyance,
and treatment facilities, 1978

Cost item

Treatment type
Activated sludge^
Lagoon or
oxidation ditch

Facilities Built on Site
Data used in formulating average operation and
maintenance costs were obtained from FmHA
records on 13 projects. Lagoons, oxidation ditches, or
activated sludge (extended aeration) facilities—built
on site—were employed in these projects. System size
ranged from 57 to 318 hookups, with activated sludge
systems averaging 186 hookups and lagoon or ditch
systems averaging 94 hookups.
Average total annual operating and maintenance
costs for the activated sludge treatment were higher
than those for lagoon or ditch systems but not
significantly so [12). Individual category totals in table
10 should be viewed with some caution as each system may have included different expenses in the sep-

DoJJars per hookup
Wages, salaries
Office expenses
Taxes, insurance
Professional fees
Repair
Utilities
Miscellaneous

31.83
2.15
1.83
1.55
5.35
9.61
4.60

10.44
5.45
1.68
1.83
3.08
8.43
.99

Total

56.92

31.90

Note: Data can be used in form 3.
^ Facility built on site.
Source: Farmers Home Administration records. State offices, Stillwater,
¡Okla., and Columbia, Mo.
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Table 11—Annual operating and maintenance costs
for package treatment plants» 1978
Plant capacity*

Operating and maintenance costs

Total

1,000 gallons
per day
25
50
100
200
500
750
1,000

|Power| Labor lOther^
Dollars

4.448
6,880
10,641
16,459
29,296
37,809
45,312

1,039 3.244
165
1,693 4.588
598
2.759 6.488 1.394
4,497 9.176 2.786
8,578 14.507 6.211
11.415 17.767 8.628
13.983 20.513 10.816

Note: Costs for plant only. These figures are not to be used in form 3 (see p.
15).
^ For approximate population equivalent, divide plant capacity by 100, the
standard per capita daily flow rate in gallons.
^ Includes testing, wasting sludge, maintenance, housekeeping and yardwork, and miscellaneous. Does not include office expenses, taxes, insurance,
and professional fees.
Source: (13).

system—including office expenses, taxes, insurance,
and professional fees—the $56.92 average annual cost
per hookup for activated sludge facilities built on site
may be appropriate (and may be used in form 3).

Rate Structures
User charges are necessary to help pay capital expenses, operating costs, and any bonding requirements placed upon the wastewater facilities.® Rates
should be set to avoid frequent increases and to
avoid excessive accumulation of capital beyond that
needed for major improvements or replacement of
pipes and treatment plants.
Most sewer districts not operated in conjunction with
drinking water supply systems set rates on a monthly
basis. Some differentiate between residential and
commercial users, charging commercial users a
higher monthly rate than residential users (table 12).
Connection fees are commonly charged to users of
the facilities; the average fee was $50 among the
projects analyzed.
® Lending authorities may require a certain percentage of the annual loan
payment (perhaps 5 to 10 percent) be paid each year to help cover expenses in
the event of default or other contingency. This payment is termed the bonding
requirement.
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Monthly sewer charges are sometimes based upon
the amount of water purchased from a water supply
system as registered by individual meters. Capital
and operating costs for the sewer system are divided
by the amount of water sold by the water supply system to determine a charge per 1,000 gallons of water
purchased, for instance. Among systems sampled for
this study using this method to set rates, it was commonplace to charge a higher amount for some minimum amount of water used (usually 1,000 gallons)
and then a flat fee for each 1,000 gallons used after
that minimum. The average residential charge was
$4.88 per month while the average monthly commercial charge was $12.67 each for a defined minimum
water usage. Each 1,000 galloons used after the minimum had an average price of $1.26 per month.

Planning a Collection, Conveyance, and
Treatment System
This section uses information presented in previous
sections in designing a system for a hypothetical
community in the Ozarks region. Forms for estimating future population and wastewater flow, capital
costs, calculation of annual revenue, annual costs,
and breakeven monthly sewer rates are presented.
(Blank forms are presented in appendix B for use by
local decisionmakers.)
The hypothetical community is a small, rural town of
1,032 people. It has no central wastewater system, but
it has 353 potential hookups: 344 residential, 5 commercial, 3 churches, and 1 school.
Steps to be followed in the initial stages of designing
the system include the preparation of the layout of
Table 12—Average monthly sewer rates charged for
residential and commercial users per
hookup, without water meters, 1978
Region

Monthly rates
Residential users 1 Commercial users
Dollars

Ozarks

3.99

14.49

Non-Ozarks

5.27

12.72

Note: Data can be used in form 3.
Source: Farmers Home Administration records, State offices, Stillwater,
Okla.. and Columbia, Mo.

the collection and conveyance system, the estimation
of future population and wastewater flow, the determination of pipe size, and a cost analysis.
Preparation of the Collection and Conveyance System
Layout
The system layout may be drawn up according to the
following suggestions:
1. Obtain a topographical map of the area, preferably with a scale of 1 inch to 2,000 feet.
2. Draw all necessary sewer lines with due consideration that flow should be gravity-assisted.
3. Plan for the installation of manholes at every
intersection and other locations as noted
above in the discussion of design considerations.
4. Estimate the number of present and future
connections to be served by each line.
The layout will be useful in estimating pipe footage
and number of manholes and cleanouts that will be
needed for determining capital costs. The layout for
the hypothetical community is presented in figure 4.
Study of the community's layout may also help in
other ways. For instance, the hypothetical community's layout shows a ridge line diagonally dividing
the town. If a treatment plant is located on the western edge of town, wastewater collected east of the
railroad tracks will have to be lifted over this ridge
line for conveyance to the treatment facility. Another
alternative would involve building a second treatment facility at the southeastern edge of town. Local
decisionmakers should investigate both alternatives.

Estimation of Wastewater Flow and Future
Population
Knowledge of future population growth, potential industrial and commercial growth, groundwater infiltration into the system, and maximum daily flow of
wastewater helps determine both the size of treatment facility and the size of pipe necessary. To estimate treatment facility size, community population 10
or 25 years in the future should be used (7). Determining residential wastewater .flow and adding in the
industrial component allows the community to arrive
at a treatment plant capacity to use for planning purposes (form 1).

Two methods to estimate future population for use in
determining pipe size are presented in form 1. One
method uses the projected population 25 or 50 years
in the future plus a population equivalent of industrial sewage. The other uses information on growth
that may be available to local planners.
It is projected that the population of the hypothetical
community would be 2,064 in 25 years. A design capacity for the treatment facility of 200,000 gallons
might be appropriate for planning purposes^ Since
local planners had some knowledge concerning the
specific aspects of that growth, future wastewater
flow was estimated using the second method. This
led to an estimate of 205,300 gallons per day or approximately 2,053 people along the community's collection system. (Refer to table 2 to determine needed
pipe sizes and apply this information in form 2.)
Determination of Pipe Size
Cumulative population along each sewer line of the
system layout must be determined. In the hypothetical community, the current situation (fig. 4) indicates
that most sewer lines could be 8 inches in diameter
since current cumulative population along each line
is under 1,000 (see table 2). If a lift station is built
and one treatment facility is located at the western
edge of town, larger diameter pipe would be needed
to convey the wastewater from the lift station to the
treatment facility (fig. 4).
Local planners have noted, also, that new development is indicated to the northeast and east of the
currently established areas. They would like to provide for this growth now as they build their wastewater conveyance facilities. Therefore, oversize pipe
has been indicated for these sections of the town in
figure 4.
Cost Analysis
Once these preliminary steps have been taken, an
examination of the capital costs should be made by
local decisionmakers. A capital costs budget form
(form 2) has been developed for this purpose. Two of
these forms have been filled out for the hypothetical
community, one for each of two alternatives. The first
^ Treatment facilities—especially lagoons and oxidation ditches—may be
expanded fairly readily. Therefore, overdesign here may cause current residents to bear much larger costs for expected future population growth than
necessary. Utilization of these facilities at less than 90 percent of design capacity increases operation and maintenance costs (4). Package treatment
plants, however, may not be readily expanded. This must be considered if
this type of treatment is selected by local decsionmakers.
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Figure 4

The Hypothetical Community's Sewer Layout
<T)

Total number of connections (future)

(x)

Total number of connections (present)

I

([[) Lift station (possible site for second treatment plant)
Drainage area limits (top of ridges)

o

Manhole

^

School

D

Cleanout

t

Church

^^

Sewer line (8" unless otherwise noted)

c

Commercial establishment

1

Treatment plant

Railroad track

Manhole at intermediate point is not shown. Sewer lines have been shown in the center of highways for clarity.

Form 1—Estimating requirements for a central sewer system
Í. Estimated wastewater flow for sizing treatment facility
A. Enter projected population (number)^
B. Multiply by gallons per capita per day (gallons] (see p. 2)
C. Nonindustrial wastewater flow per day (gallons)
D. Add projected gallons per day of industrial sewage (gallons)
E. Total projected wastewater flow per day (gallons)
F. Round to closest 1,000 gallons (to be used with tables 3, 4, 5, 6, and 8
to determine capital costs in form 2)

^ûû. OOP

II. Projected population and wastewater flow for sizing pipes
A. Method One
1. Enter projected gallons per day of industrial sewage (gallons)
2. Divide by 100 (per capita daily flow rate standard, see p. 2)

JOO

(-);

3. Population equivalent of industrial sewage
4. Add projected population (number)^
5. Total system population to be apportioned along pipelines (refer to table 2
to determine needed pipe sizes and apply this information in form 2)
See footnotes at end of form.

Í.L1

J. ÖUy

CÍ.OUV
Continued—

to

o

Form 1—Estimating requirements for a central sewer system—Continued
B. Method 2

1. Single family dwelHngs ^^O X 3'C
2. Trailers

Wastewater ^ovii^ Estimated ioioX
(gallons)
yNQsX.ewQ\.er flow
(gallons per day)

Projected number^

Type of establishment

people per household = ¿i i^Q

people

V

..il.

spaces

V

people

V

«¿¿

3. Apartments

people per apartment =

TT
âOO

Z' i^oo

4. Churches

¿^00

seats

y

S-

5. Schools

30Û

students

y

¿5-

7.S-00

6. Service stations

SO O

cars
served

X .

il

'S-, s-Où

rest
rooms

V

HOù

LJÎOQ

7. ^hrc:¡
8.

V

9.

V

(X),

14. Population equivalent to be apportioned along pipelines (refer to table 2 to
determine needed pipe size and apply this information to form 2)

1.20
JÙS-.^UO

12. Total wastewater flow per day (gallons)
13. Divide by 100 (per capita daily flow rate standard, see p. 2)

3. OOP

nu o^c

10. Subtotal (add 1, 2, 3. 4. 5, 6, 7, 8, 9 above)
11. Plus 20% for groundwater infiltration

=

(-),

100

q^,. gfJ

^ Obtain population data from State agency that makes yearly projections or by demographic model available through the extension service in most States; for example, the Division of Budget
and Planning of the Missouri State Office of Administration. For sizing pipe, population should be projected 25 to 50 years. For sizing treatment facility, population should be projected 10 to 25
years (7).
2 See table 1.

Form 2—Capital costs budget for rural wastewater collection, conveyance, and treatment facilities
Number of lift stations.

Number of treatment facilities,
/. Collection and conveyance system
A. Pipe
Description

Unit

Quantity
3, OOP

Total cosí

Cost per unit*

%" cast iron

Linear foot

%" ductile iron

Linear foot

8'" vitrified clay

Linear foot

^t à(^o

x$.

10"" vitrified clay

Linear foot

í^^.^QQ

x$.

12"" polyvinyl chloride

Linear foot

'% ^^^

x$.

M02^

x$.
x$,

= $

±£U_
JL2L
JkJû_

= y Sù,7,^H.U0

^^Ä3J. I9Ù.OO

B. Manholes and cleanouts
Description

\5nit

Manholes

Each

Cleanouts

Each

JÍÁ,

Description

Unit

Quantity

Railroad

Lump sum

x$

Highway

Lump sum

x$

Quantity

Cost per unit*

Vf

9o. ¿is-

Tolal coíX

= $

/.I n^SQ

C. Crossings

ToiaX cost

CoA per unit*
A /¿,^.as= $

D. Lift stations
Description

Unit

Lift station

Lump sum

Quantity

Cost per unit*

TotaJ cost

L

E. Subtotal, add costs sections A through D
F. Multiply by 1.0212 (equals 2.12 percent of costs) for
miscellaneous costs
G. Total unadjusted construction costs

íx] 1.0212

H. Cost adjustment factor if current costs are not available^
Current construction cost index
Jan. 1979 construction cost index
See footnotes at end of form.

^Ol"*

187.1
Continued—
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Form 2—Capital costs budget for rural wastewater collection, conveyance, and treatment facilities—Continued
$/r^^<, yy^-^y

I. Adjusted current construction costs
J. Other capital costs (percentage of I above)^
1. Administrative and legal

$ L iQ^t t??- ^9

X.

2. Engineering

$ AJ^áliÍZj22.

X.

JM.
.JllL

3. Contingencies

$ ¿, 3^^, 9i?' Of

X.

JiSiL

K. Total capital costs for collection system
(Add sections I and J)

%JU^£XL£á1AL.

\\, Treatment facilities
A. Type of facility (design capacity determined in form 1. Í F)
Description

Wasteivaler ^ow
fgaiJons per day]

Total cost

Quantity

^J.

Aerated, 2-cell lagoon^

lO^.OOO.OO

$.

Facultative, 3-cell lagoon^

$.

Facultative, 4-cell lagoon^

$.

Oxidation ditch^

$.

Package treatment plant*

$.

B. Access road
Description
Asphalt

Unit
Linear foot

Total cost

Cost per unit

Quantity
S'OO

.x$

ZL¿2_

.x$

Crushed stone
Linear foot
C. Total unadjusted treatment facility construction
costs, (add U, A and B)

y

JOi. u(p:rOû

D. Cost adjustment factor if current costs are not available^
Current construction cost index ^
Jan. 1979 construction cost index

^ûo.9

22

(x)

/./ÛS'c29

187.1

E. Adjusted current treatment facility construction cost

See footnotes at end of form.

=

$

/f?g, /0<e J^

Continued

Form 2—Capital costs budget for rural wastewater collection, conveyance, and treatment facilities—Continued
F. Other capital costs (percentages of E above)
1. Administrative and legal

$

íAu./o¿..3^ v

.034

= $

2. Engineering

$

>fe^^,/^^-<?f

x

JL12

= $

13,^)1.70

3. Contingencies

$

P^^t /0(f - ^f

x

QW

= $

(0, OOS^- 3Jl

G. Operating and maintenance

^

V.Oyj^;^

-^

,^

^

(D above)
H. Land'

x$
(acres)

I. Total treatment capital costs (add sections
E.F,G,H)
m.

Total capital costs (add Í, K plus Ih I)

= $
(cost per acre)

y

I^U.S/u./lo

$ 'j ^^<r ^^^ 3^

^ See table 7.
2 Current U.S. Department of Commerce composite construction cost index values are available in the monthly publications Consírucííon fíevieiv and Survey
of Current Business.
^ See table 9.
* See table 3.
^ See table 4.
* See table 5.
^ See table 6.
^ See table 8.
® Land prices should be determined locally.
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Form 2—Capital costs budget for rural wastewater collection, conveyance, and treatment facilities
Number of lift stations.

Number of treatment facilities.
/. Collection and conveyance system
A. Pipe
Description

Unit

Quantity

Cost per unit^

Total cost

8'' cast iron

Linear foot

x$

-$

8" ductile iron

Linear foot

x$

= $

8"' vitrified clay

Linear foot

lf3J(,0

x$

10" vitrified clay

Linear foot

'^i^OQ

x$

11.9/

12"" polyvinyl chloride

Linear foot

^^^ ^(f^

x$

1I4.10

?.s^ù,
- f l7u.OfU.ou

B. Manholes and cleanouts
Description

Unit

Quantity

Manholes

Each

cSl/7

Cleanouts

Each

^¿Á,

Description

Unit

Quantity

Railroad

Lump sum

Highway

Lump sum

Total cost

Cost per unit*
x$

^^-3. 0<f

»I /^C. OJO.S3
«=$

i.fgs-.so

C. Crossings

/

Cost per unit*
x$

/■ /l^- 3^

x$

Total cost
= $

A /US'. 3s-

= $

D. Lift stations
Description

Unit

Lift station

Lump sum

Quantity

Cost per unit*

Total cost

x$,

E. Subtotal, add costs sections A through D
F. Multiply by 1.0212 (equals 2.12 percent of costs) for
miscellaneous costs
G. Total unadjusted construction costs

(xl 1.0212
$ J.(^7U.s-sî.a.i

H. Cost adjustment factor if current costs are not available^
Current construction cost index ^
Jan. 1979 construction cost index
See footnotes at end of form.
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Form 2—Capital costs budget for rural wastewater collection, conveyance» and treatment facilities—Continued

$ /,fí9,

I. Adjusted current construction costs

9Q9

O^

J. Other capital costs (percentage of I above)^
1. Administrative and legal

$

2. Engineering

$ /,. >Í?^90?tP¿

3. Contingencies

$ ù //f., ?^? ^^

JiSi.

= $

iO, '^^(t ■ V

x

OIL

= 1=

I3¿>.?8<t.9f

x

:fl5ÍL

= $

.r» VT^vr

/y 19% ?^?. ^^ x

K. Total capital costs for collection system
(Add sections I and J)

t J.^JLn. 7<r/.37

ÍÍ. Treatment facilities
A. Type of facility (design capacity determined in form 1, I F)
WasiewQier flow
(gallons per day]

Descnpiion

Quantity

Tota] coa

Aerated, 2-cell lagoon*

$.

Facultative, 3-cell lagoon^

%■

Facultative. 4-cell lagoon^

$.

Oxidation ditch^

$.

Package treatment plant®

$.

JS-û. OOP. Où

B. Access road
Tiescripúon
Asphalt

Unit

Quantity

Linear foot

Cost per unit

.x$

{■OOP

Crushed stone
Linear foot
C. Total unadjusted treatment facility construction
costs, (add ÍÍ, A and B)

Total cost

7-^3

$

.x$

7^ 3^0 go

$
$

¿^7. 330.00

D. Cost adjustment factor if current costs are not available'
Current construction cost index
Jan. 1979 construction cost index

.ç?£^X

E. Adjusted current treatment facility construction cost
See footnotes at end of form.

=

(x)

/./OS-^9

187.1

y

J?3.Í9S',a.íl

Continued
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Form 2—Capital costs budget for rural wastewater collection, conveyance, and treatment facilities—Continued
F. Other capital costs (percentages of E above)
1. Administrative and legal

$ ^^^: ^9^.^? y

.034

= $

2. Engineering

% J23JÍÍ¿12JL—^

Olí!

= $

l%J^9iÍ

3. Contingencies

% J22^J1LL£JL^^

rPSO

= $

?. U9^. 7C.

-^^
^.9/300

,
^
I, iO^JLj
(D above)

= y

^ .^^ .^
3. ¡09, /9

G. Operating and maintenance
m*anual

%

H. Land*

x$
(acres)

I. Total treatment capital costs (add sections
E,F,G,H)
Hi.

^

Total capital costs (add Í. K plus ÍÍ, I)

^ 9/Jl ^¥

= $
(cost per acre)

$

^ , ^,,^
,.
A/0,?^0./y

$ /. ÍJ3/. V9/. VT/

' See table 7.
^ Current U.S. Department of Commerce composite construction cost index values are available in the monthly publications Construction Revieiv and Survey
0/ Curreni Business.
^ See table 9.
* See table 3.
^ See table 4.
^ See table 5.
'' See table 6.
" See table 8.
^ Land prices should be determined locally.
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shows the costs of a system incorporating one treatment facihty and one Hft station; the second incorporates two treatment facilities without a hft station.
Each is discussed below. The less expensive alternative will be used to illustrate the use of other forms
for the calculation of annual revenue, annual costs,
and break-even monthly sewer rates.
One Treatment Facility, One Lift Station For the collection and conveyance system, major capital costs
are pipe, manholes and cleanouts, crossings, and lift
stations. Total pipe footage is determined from the
system layout. Sizes of pipe are determined when
cumulative population along a line is calculated.
(Provision for future growth is important here.) The
number of manholes required may be determined by
dividing the total footage of pipe by 400 if pipes are
under 15 inches in diameter (divide by 500 for larger
pipes). For the hypothetical community, 217 manholes are required as well as 22 cleanouts. (Total
pipe length divided by 400 for this community equals
225 manholes. But, in this case, a portion of the line
is under pressure, thus reducing the number of required manholes to 217). A 15-foot railroad crossing
is included, also. If the community includes a lift station in its conveyance system, extra footage of pipe
will be required—3,000 linear feet of 8-inch cast-iron
pipe (the wastewater will be under pressure here
and this diameter will be sufficient), and 3,800 linear
feet of 12-inch polyvinyl chloride will be used instead of 8-inch vitrified clay. Total capital costs for
the collection and conveyance system (including the
lift station) are $1.56 million.
Capital costs for the treatment facility are shown in
section // of form 2. Assuming local decisionmakers
have selected a two-cell, aerated lagoon, construction
costs for this facility are $105,000. Another cost included here is that for an access road. If 500 linear
feet of asphalt are laid, this would total $3,665. Total
capital costs are $146,516.
Total capital costs for this alternative, when expressed in current dollars (adjusted for inflation) are
$1.70 million. Nonconstruction cost items are included in this total. Land costs, however, are not.
Two Treatment Facilities, No Lift Station This alternative allows the hypothetical community to do without a lift station and build two smaller treatment
facilities, one on the western edge of town and another at the southeastern edge of town. Costs for the
collection and conveyance system are reduced to
$1.42 million. Assuming the community will select the
aerated lagoon treatment type, the two two-cell lagoons, each sized for 1,000 people, would cost

$150,000. (This division of the community effectively
divides it in two; therefore, two lagoons of the same
size may be used.)
Total capital costs for this alternative, including nonconstruction items and correcting for inflation, would
be $1.63 million. This alternative is less expensive
and will be used to illustrate the calculation of total
annual capital costs, annual operating costs, and
breakeven sewer rates in form 3.
Land costs have not been considered here but are a
very important part of the analysis. Local decisionmakers should consider these costs in the planning
stages. All amounts for construction items are only
estimates. Accurate figures can only be obtained
when an engineer designs the final system for a community and bids are taken. Prices used here are subject to constant change.
Once budgets are developed, the financial situation
of the district must be examined. Numerous methods
of financing are available, including loans and grants
from various government agencies (see next section).
Two alternative financing arrangements are outlined
for the hypothetical community's situation on form 3,
one for a 100-percent loan and the other for a
25-percent loan and a 75-percent grant for both collection and treatment facilities. In both cases, a
35-year loan with an interest rate of 5.0 percent is assumed. These terms are subject to change. Check
with the funding agency prior to making these calculations.
Calculation of the annual loan payments for each arrangement is shown. With a 75-percent grant, the hypothetical community's annual loan payments are
$21,702 for the collection system and $3,219 for the
treatment facility. Calculate bond reserve payment, if
required by lending institution, and add to annual
costs.
Comparison of annual costs and annual revenue for
the system is vital to the community in early planning
stages. Form 3 should help decisionmakers make this
comparison. Annual costs, including loan payment
and operating costs, for the 75-percent grant/25percent loan combination are $41,761.53 for the hypothetical community. (If a bond reserve is required by
the lending source, it should be incorporated here.)
Annual revenue, based on average rates for the
Ozarks region (table 12), is $18,035.64. This results in
a net loss of $23,725.89.
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Form 3—Calculation of total annual capital costs, annual operating costs, and breakeven sewer rates
Case I

Case /Í

With 100% loan

With 211 % grants
äJl % loan

/. Annual collection costs
^ /, y,?Q. 7^/> 3?

A. Enter total collection costs (form 2: Í, K)
B. Multiply by loan factor (portion of costs covered by loan)

(x)

^ ¿Í/JO, IS/ 37

100

(x)

O'^^

QQ<^^^

(x)

P'Q^//

C. Loan amount
D. Multiply by amortization factor (see appendix A)

(x)

$

E. Annual loan repayment
F. Multiply by any additional bond reserve payment

g(>i >Q7 •?/

(X)

:íL

701.^2
■

— (X)

^

G. Annual loan and bond reserve payment

$

%Ui $07 -9/

$_¿LLJ£ULL

With 100% loan

With I£. % grants
¿£¡ % loan

ÍÍ. Annual treatment costs
A. Enter total treatment costs (form 2: 11, I)
B. Multiply by loan factor (portion of costs covered by loan)

(x)

\m

(x)

^A^

(x)

QQUK

(x)

O'OiêH

C. Loan amount
D. Multiply by amortization factor (see appendix A)
E. Annual loan repayment
F. Multiply by any additional bond reserve payment
G. Annual loan and bond reserve payment
See footnotes at end of form.

(X)

(X)

y

12. Í7U.A2L

===

f

^.^/?. Oi.
Continued-

Form 3—Calculation of total annual capital costs, annual operating costs, and breakeven sewer rates—continued
Case I

Case U

III. Annual operating costs
A. Enter total operating costs per hookup (table 10 or $56.92 for
package plant)
B. Multiply by number of hookups

$
(x)

C. Unadjusted operating costs

3/ 9ô

$

^^-^
$

(x)

Ih^i^O 70

^/. ^Ç
3S'3

$

_

//. Ab0.7O

D. Cost adjustment factor if current costs not available
Current consumer price index^ ^ A33.3 ^
1978 consumer price index
156.0

/ .
^^

E. Total current operating costs

/ v?5'JV

ivi
^^

/ H^S'S'f

$

/(r. %HO. V9

$

ijp. t'iO . V9

$

y/¿.. iíJ.H.i,X

$

y/. 7G/. ^3

a. 3^^ residential hookups X $ 3.99 per month X 12 months =
$
b
i- commercial hookups X $/y. VP per month X 12 months = { + ) $

y¿#. ^70. 7Z
/. rü^. ^J,

$
f-f]$

$

/g. OSS'. U^

$

JÍ, OSS', oy

(%

??. ^Sg- 9?

) ¿$

A3, 7^^-S9

JV. Total annual capital and operating costs
(Add /. G + //. G -h ííí. El
V. Breakeven monthly sewer rates per user (no meters)
A. Annual revenue^

B. Total annual revenue
C. Net revenue (loss) (V. B minus IV)
D. Rate adjustment for breakeven rates, adjustment factor (JV -^ V, B)

¿y- ^UOSo

llß. ^7ù 7^
^ ^^^ - ^^ _

)

^.3i^sSú

E. Breakeven monthly sewer rates
a. Residential rate—unadjusted rate (V, Aa) X adjustment factor

$

^^ ^^

/mo.

$

9.cZ¥

/mo.

b. Commercial rate—unadjusted rate (V, Ab) X adjustment factor

$

^^' ^?-

/mo.

$

33^^^

/„^Q

WI. Breakeven sewer rates per 1,000 gallons of water sold (with meters)
A. Total annual cost (ÍV)
B. Gallons of water sold annually (1,000 gallons)^
C. Breakeven sewer rate per 1,000 gallons used (VÍ, A ^ V/, B)
tg

$
(-^)

$
—f-^)

$

.
$

^ Current values of the Consumer Price Index—All Urban Consumers (CPI-U) are reported monthly in the U.S. Department of Labor's MonihXy Labor Review and the U.S. Department of
Commerce's Survey oj Current Business. ^ See table 12 or text. p. 16
=* This information may be obtained from local water authority personnel.

If authority in charge of the operation of the wastewater facilities is to break even—equate annual revenue and annual costs—average rates will have to be
adjusted. This calculation is shown on form 3 for the
hypothetical community. It is assumed that the community has no meters measuring the household consumption of water. Breakeven rates for the
75-percent grant/25-percent loan combination are
$9.24 per month for residential hookups and $33.55
per month for commercial hookups.

Sources of Funding for Rural Wastewater
Facilities
Several Federal agencies can assist rural communities in constructing and operating wastewater facilities (9, 15). These agencies are the Farmers Home
Administration (FmHA) of the U.S. Department of
Agriculture (USDA), the Economic Development Administration (EDA), the Department of Housing and
Urban Development (HUD), and the Environmental
Protection Agency (EPA).
FmHA funds for water and sewer systems have
grown from $50 million in 1965 to $1.2 billion in FY
1980 and now provide for about 1,800 new water and
sewer systems or system improvements each year (9
and updated FmHA data). FmHA 40-year loans,
made at 5-percent interest, form the backbone of its
funding. Grants of up to 75 percent of total eligible
project costs may be used by the FmHA when necessary to keep monthly user bills down to a level they
can afford. Loans and grants are limited to communities under 10,000 in population. Priority is given to
towns under 5,500 in population. FmHA grants are
awarded on the basis of income criteria, subject to
the availability of the appropriated funds and other
constraints.
To receive EDA funding, an area must be an EDAdesignated area, an economic development district, or
an economic development center. The major criteria
for such designation include high unemployment and
low family income. Direct grants of up to 50 percent
of total eligible project costs are available to help an
area develop facilities needed to attract new industry
and encourage business expansion.
HUD's Small Cities Program is authorized to make
grants to communities under 50,000 in population
having the greatest needs as evidenced by poverty
and substandard housing. Sewage treatment works
and interceptor sewers are not eligible for assistance
under this program (9).
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The Clean Water Act (1972 Federal Water Pollution
Control Act and the 1977 Amendments) is the legal
basis for the largest public works grant program in
this country: EPA's Section 201 construction grants
program for wastewater treatment facilities. EPA
grant awards are available for 75 percent of eligible
costs of the project.^ Funding is provided in three
steps: planning and preliminary design; plans,
specifications, and estimates; and construction.
EPA grant funding of 75 percent of the costs for treatment facilities and FmHA loan and grant funding of
the other costs for the system may be received in
Missouri and Oklahoma. In addition to these Federal
funds, State funding is available in Missouri. The Department of Natural Resources there may grant up to
15 percent of the costs for treatment facilities.
For specific information on these Federal sources of
funding, State or regional offices should be consulted.
Information on funds, specific criteria concerning a
community's eligibility, and procedures for applying
for a grant and/or loan are available through these
offices. State sources of funding may be available,
also. Please consult the appropriate State offices for
this information.

Federal and State Regulations
The Federal Water Pollution Control Act Amendments of 1972 established the minimum performance
requirements for publicly owned treatment works. In
accordance with section 301(b) (1) (B) of the act, publicly owned treatment works must meet at least
effluent limitations based on secondary treatment as
defined by the EPA Administrator (4). Municipal permits and grants are based on this secondary treatment definition. More stringent effluent requirements
may be necessary to meet such requirements as water
quality standards.
Both Missouri and Oklahoma, through their respective State governments, have passed legislation in
compliance with the Federal regulations set forth in
1972. Each State requires the issuance of permits for
the construction of new municipal wastewater facilities or the expansion of existing facilities. In applying
for these permits, plans for the proposed facilities as
prepared by a licensed engineer are submitted for
approval to the Department of Natural Resources,
Clean Water Commission in Missouri or the State
Commissioner of Health in Oklahoma.
® Up to 85 percent is available for projects incorporating innovative or al
ternative technology.

Each State has slightly different regulations in the
case of new subdivisions. For Missouri, subdivisions
with lots of less than 3 acres but 15,000 square feet or
more on which construction of single-family dwellings is proposed, centralized wastewater collection
and treatment systems shall be provided. Singlefamily dwelling wastewater treatment facilities may
not be used on such lots unless a centralized system
is shown infeasible and all facilities, dispersal lines,
and outfall points shall be located at least 25 feet
from the nearest property lines. For subdivisions with
lots or tracts of less than 15,000 square feet, only centralized sewage collection and treatment systems
are acceptable.
The Oklahoma State Board of Health has no authority to disapprove plats of tracts larger than 2.5 acres
developed for individual residence. For tracts of less
than 2.5 acres outside corporate city or town limits.

developers shall make application to and receive approval from the State Commissioner of Health prior
to recording any plat in the office of the county clerk.
This application will include a preliminary plan of
the subdivision and a description of methods for providing water supply and sewage disposal.
Guidelines for the design of sewers and wastewater
treatment plants are published for each State. In
Missouri, Rules of the Department of Natural Resources, Division 20—Clean Water Commission,
Chapter 8—Water Treatment Design should be consulted (14). The Oklahoma Department of Health Engineering Bulletin No. 0587 outlines standards for
wastewater facilities {16]. Both publications cover design recommendations and standards for the preparation of engineering reports and plans, the design of
sewers, sewage pumping stations, and alternative
treatments for wastewater. Other States have similar
agencies and guidelines.
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Appendix A—Amortization factors
Rate of
interest

20

t

25

30

Percent

Years for repayment
1
35
1

40

45

50

Factor

5

0.0802

0.0710

0.0651

0.0611

0.0583

0.0563

0.0548

6

.0872

.0782

0.726

.0690

.0665

.0647

.0634

7

.0944

.0858

.0806

.0772

.0750

.0735

.0725

8

.1019

.0937

.0888

.0858

.0839

.0826

.0817

9

.1095

.1018

.0973

.0946

.0930

.0919

.0912

10

.1175

.1102

.1061

.1037

.1023

.1014

.1009

11

.1256

.1187

.1150

.1129

.1117

.1110

.1106

12

.1339

.1275

.1241

.1223

.1213

.1207

.1204

13

.1424

.1364

.1334

.1318

.1310

.1305

.1303

14

.1510

.1455

.1428

.1414

.1407

.1404

.1402

15

.1598

.1547

.1523

.1511

.1506

.1503

.1501
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Form 1—Estimating requirements for a central sewer system
Í. Estimated waste water flow for sizing treatment facility

O
»1

B

A. Enter projected population (number^
B. Multiply by gallons per capita per day (gallons) (see p. 2)

(X);

C. Nonindustrial wastewater flow per day (gallons)
D. Add projected gallons per day of industrial sewage (gallons)

( + );

E. Total projected wastewater flow per day (gallons)
F. Round to closest 1,000 gallons (to be used with tables 3, 4, 5, 6, and 8
to determine capital costs in form 2)
II. Projected population and wastewater flow for sizing pipes
A. Method One
1. Enter projected gallons per day of industrial sewage (gallons)
2. Divide by 100 (per capita daily flow rate standard, see p. 2)

(-):

3. Population equivalent of industrial sewage
4. Add projected population (number)^

(+);

5. Total system population to be apportioned along pipelines (refer to table 2
to determine needed pipe sizes and apply this information in form 2)
See footnotes at end of form.

Continued—

Form 1—Estimating requirements for a central sewer system—Continued
B. Method 2
Wastewater flow^ Estimated total
(gallons)
wastewater ^ow
(gallons per day)

Projected number^

Type of estahlishment

people

X

spaces

X

people

X

4. Churches

seats

X

5. Schools

students

X

6. Service stations

cars
served

X

rest
rooms

X

1. Single family dwellings

people per household =

2. Trailers
3. Apartments

people per apartment =

X

8.
9.

'.

X

10. Subtotal (add 1, 2, 3. 4, 5, 6, 7, 8, 9 above)
11. Plus 20% for groundwater infiltration

(X),

1.20

M.

100

12. Total wastewater flow per day (gallons)
13. Divide by 100 (per capita daily flow rate standard, see p. 2)
14. Population equivalent to be apportioned along pipelines (refer to table 2 to
determine needed pipe size and apply this information to form 2)
^ Obtain population data from State agency that makes yearly projections or by demographic model available through the extension service in most States; for example, the Division of Budget
and Planning of the Missouri State Office of Administration. For sizing pipe, population should be projected 25 to 50 years. For sizing treatment facility, population should be projected 10 to 25
years (7).
2 See table 1.
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Form 2—Capital costs budget for rural wastewater collection, conveyance, and treatment facilities
Number of lift stations .

Number of treatment facilities.
Í. Collection and conveyance system
A. Pipe
Description

Unit

Quantity

Total cost

Cost per unit^

8"" cast iron

Linear foot

X $.

= $.

8"" ductile iron

Linear foot

x$.

= $.

8'' vitrified clay

Linear foot

X $.

= $.

10'" vitrified clay

Linear foot

X $.

= $.

12'" polyvinyl chloride

Linear foot

X $.

= $.

B. Manholes and cleanouts
Quantity

Total cost

Cost per unit^

Description

Unit

Manholes

Each

x$.

Cleanouts

Each

x$.

= $.

C. Crossings
Quantity

TotaJ cost

Cost per unit^

Description

Unit

Railroad

Lump sum

X $.

Highway

Lump sum

x$.

D. Lift stations
Description

Unit

Lift station

Lump sum

Quantity

Total cost

Cost per unit^
X $.

i±JJ

E. Subtotal, add costs sections A through D
F. Muhiply by 1.0212 (equals 2.12 percent of costs) for
miscellaneous costs
G. Total unadjusted construction costs

fx] 1.0212
$.

H. Cost adjustment factor if current costs are not available^
Current construction cost index ^
Jan. 1979 construction cost index
See footnotes at end of form.
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Form 2—Capital costs budget for rural wastewater collection, conveyance, and treatment facilities—Continued
I. Adjusted current construction costs
J. Other capital costs (percentage of I above)^
1. Administrative and legal

$

X

2. Engineering

$

X

.110

= $

3. Contingencies

$

Y

.050

_ = $

K. Total capital costs for collection system
(Add sections I and J)
ÎL Treatment facilities
A. Type of facility (design capacity determined in form 1, Í F)
Total cost

Quantity

Wastewater flow
[gallons per day]

Description
Aerated, 2-cell lagoon^
Facultative, 3-cell lagoon^
Facultative, 4-cell lagoon^
Oxidation ditch''
Package treatment plant^
B. Access road
Description
Asphalt

Unit

Quantity

Linear foot

Crushed stone
Linear foot
C. Total unadjusted treatment facility construction
costs, (add U, A and B)

Total cost

Cost per unit
.x$.
.x$.

D. Cost adjustment factor if current costs are not available^
Current construction cost index
Jan. 1979 construction cost index

=

(X)

187.1
E. Adjusted current treatment facility construction cost

See footnotes at end of form.

Continued
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Form 2—Capital costs budget for rural wastewater collection, conveyance, and treatment facilities—Continued
F. Other capital costs (percentages of E above)
1. Administrative and legal

$

x

SiM

= $

2. Engineering

$

x

JJL2

= $

3. Contingencies

$

x

JOSS

= $

$

x

G. Operating and maintenance
manual

H. Land«

(acres)

I. Total treatment capital costs (add sections
E, F, G, H)
ÍÍÍ.

x$

(D above)

(cost per acre)

= $.

= $.

$■

Total capital costs (add I, K plus IÍ, I)

^ See table 7.
2 Current U.S. Department of Commerce composite construction cost index values are available in the monthly publications Construction Review and Survey
of Current Business.
^ See table 9.
* See table 3.
5 See table 4.
« See table 5.
" See table 6.
* See table 8.
® Land prices should be determined locally.
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Form 3—Calculation of total annual capital costs, annual operating costs, and breakeven sewer rates
Case Í

Case II

With 100% loan

With

% grants
% loan

I. Annual collection costs
A. Enter total collection costs (form 2: I, K)
B. Multiply by loan factor (portion of costs covered by loan)

$
(X)

C. Loan amount
D. Multiply by amortization factor (see appendix A)

100

(X) ^

$
M

E. Annual loan repayment
F. Multiply by any additional bond reserve payment

$.

$.
===== (X) :

$
(X)

G. Annual loan and bond reserve payment

$.
,^_;,,_,3___ (X)

$

,

$.

With 100% loan

With

% grants
% loan

11, Annual treatment costs
A. Enter total treatment costs (form 2: ÍÍ, I)
B. Multiply by loan factor (portion of costs covered by loan)

$
(X)

C. Loan amount
D. Multiply by amortization factor (see appendix A)

G. Annual loan and bond reserve payment
See footnotes at end of form.

iQQ

(X)

$
(x)

E. Annual loan repayment
F. Multiply by any additional bond reserve payment

$.
,

$.
(x) .

$
(^)

$.
(X)

$

:

$.
Continued—

Form 3—Calculation of total annual capital costs, annual operating costs, and breakeven sewer rates—continued
Case 11
Case Î
HI. Annual operating costs
$.

A. Enter total operating costs per hookup (table 10 or $56.92 for
package plant)
B. Multiply by number of hookups

(X)

(X)

(X)

(X)

C. Unadjusted operating costs
D. Cost adjustment factor if current costs not available
Current consumer price index^ ^
^
1978 consumer price index
156.0

$.

$.

$.

$.

per month X 12 months =
$.
per month X 12 months = (+) $ ;

$.
:( + )$:

B. Total annual revenue

$■

$.

C. Net revenue (loss) (V, B minus IV)

$■

$.

E. Total current operating costs
ÍV. Total annual capital and operating costs
(Add Í, G + ÍÍ, G + ííí, E)
V. Breakeven monthly sewer rates per user (no meters)
A. Annual revenue^
a.
b.

residential hookups X $
commercial hookups X $

D. Rate adjustment for breakeven rates, adjustment factor (ÍV -^ V, B)
E. Breakeven monthly sewer rates
a. Residential rate—unadjusted rate (V, Aa) X adjustment factor

$.

, /mo.

, /mo.

b. Commercial rate—unadjusted rate (V, Ab) X adjustment factor

$.

. /mo.

. /mo.

VÍ. Breakeven sewer rates per 1,000 gallons of water sold (with meters)
$■

A. Total annual cost (iV)
B. Gallons of water sold annually (1,000 gallons)^
C. Breakeven sewer rate per 1,000 gallons used (VÍ, A -^ VÍ, B)

(-^)

:

:i^)

$.

' Current values of the Consumer Price Index-All Urban Consumers (CPI-U) are reported monthly in the U.S. Department of Labor's Monthly Labor Review and the U.S. Department of
Commerce's Survey of Current Business. ^ See. table 12 or text. p. 16
^ This information may be obtained from local water authority personnel.
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THIRD CLASS

Economics and Statistics Service
The Economics and Statistics Service (ESS) collects data and carries out research on food and
nutrition, international agricultural trade, natural resources, and rural development. The Economics unit researches and analyzes production and marketing of major commodities; foreign agriculture and trade; economic use, conservation, and development of natural resources; trends in rural
population, employment, and housing and rural economic adjustment problems; and performance
of agricultural industry. The Statistics unit collects data on crops, livestock, prices, and labor, and
publishes official USDA State and national estimates through the Crop Reporting Board. Through
its information program, ESS provides objective and timely economic and statistical information
for farmers, government policymakers, consumers, agribusiness firms, cooperatives, rural residents,
and other interested citizens.

