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ABSTRACT

Research was conducted on the legal-organization, the economic
and the spatial aspects of rural water systems. With encouragement from
subsidized federal government credit, rural water systems serving farmers,
nonfarm residents in the open country and residents of towns under 10,000
people have been developed to meet the demands for a dependable quality
domestic water supply. The 59 districts financed in part by the Farmers
Home Administration, USDA, and serving only farmers and nonfarm rural
residence customers in I11inois were the objects of the research. In
general, these systems serve 24,000 customers and maintain 4,200 miles
of Tine. They are located in the southern, the west-central, and the
east-central regions of I1linois. The systems received financial assistance
from the federal government in the form of construction grants and/or Tow
interest loans authorized initially in 1954. The systems are generally
owned and operated by "water supply districts," a special unit of local
government and have to comply with all operating procedures and regulations
required of public water supplies under I11inois Environmental Protection
Agency authority. '

In analyzing the costs of rural water service, districts with
greater volume and/or higher user density generally had Tower operating
costs. The median number of users‘reported was 278. In 1980 dollars,
the per user average outlay for operating costs and debt retirement was
approximately $16.00 per month.

Only 22 percent of rural water district users were farmers.
Consumption Tevels averaged 4.64 thousand gallons per month at an average
price of $5.77. The demand for rural water service was inelastic over
much of the relevant range of observations. Little evidence was discovered
supporting the contention that rural water service is a major force in the
shift of agricultural land to nonfarm residential use.

KEYWORDS: rural water, rural water districts, water service costs,
land use and water policy, water rate schedules
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CHAPTER 1
INTRODUCTION

b Since 1961, the year the Consolidated Farmers Home Administration

{ Act was passed into law, the federal government has injected hundreds of

| millions of dollars into public services in rural areas in the United States

i through the programs of the Farmers Home Administration (FmHA). Through
grants alone, small communities and groups of rural residents received over

A $1.4 billion for water and sewer systems during the 1970s. Loans, at

subsidized interest rates, provided an additional $4.9 billion in capital

for these services (Gessaman and Janovec, 1982). The water and sewer programs

are the dominant FmHA community credit program. Credit is also available to

) help finance community facilities, recreation, etc.

While a substantial part of the monies have helped finance rural

i potable water systems in the traditional water shortage areas of the arid

| west and central plains, a number of water systems have been constructed in
i the rural midwest, a region generally not perceived as facing water supply
! problems. For example, Farmers Home Administration loans totaling $109
million had been made in I1linois through September 1983 for rural and
small community water systems (Farmers Home Administration, 1984). Of
the over 250 systems receiving this federal government financial assistance

i in I11iﬁois, 59 provide potable water only to farmers and rural residents

| outside incorporated communities. These systems are located generally in
;;S » the southern ha]f of I1linois with major concentrations in the southern
' most counties and in selected west-central and east-central areas (see map).

* In total these sytems, which are owned and operated by special units of

{ government (water districts) with appointed governing boards, service
approximately 24,000 farm and nonfarm users and maintain about 4,200 miles
| of water line. In addition to water lines, a rural water system generally
includes a water supply (ground or surface), pumps, storage facilities,
treatment plants and ancillary facilities and equipment required for the
procurement of water supplies and the delivery of potable water to users.

R —

Rural water systems are a relatively recent service. The average
age of the systems in 1982 approached 9 years with the majority being less
3 than 10 years old.

Se———
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This report presents a study of the 59 rural water systems in I1linois
providing potable water service to farm and nonfarm rural residents. The
study focuses on legal, organizational, economic and geographic/spatial aspects
of collectively providing rural water service in the open countryside outside
incorporated communities. The objectives of the study .are to provide a
better understanding of 1) the legislative history of rural water programs,
2) the organization, formation and operation of rural water districts in
I11inois, 3) the general characteristics of I11inois rural water systems
and the cost of providing rufa] water services, 4) rural water district
users and the demand for rural water and, finally, 5) the spatial charac-

teristics of districts and the impact of rural water service on land use.1

In addition to the introduction and a general summary, the report
has two parts. The first three chapters comprise Part I and present the
legal-organizational analysis of rural water service supplies in general
and how they are provided in I1linois. The three chapters in Part II
contain the economic and spatial analysis of I11inois' rural water districts.
The legal, economic and spatial analyses were éarried out by individual
researchers who authored the respective chapters focused on these topics.
The chapters were not edited for style differences.

GENERAL SUMMARY

Federal Legislative History. The Community Facility Program of the
Farmers Home Administration, a rural credit agency of the United States
Department of Agriculture, originated with the enactment of the Water
Facilities Act of 1937. This Act authorized long-term, low interest
federal government loans to develop water facilities for household and

farm use. Initial assistance was restricted to the 17 arid and semi-arid
western states. In 1954, the 1937 act was extended to the entire United
States and in 1961 was replaced by the Consolidated Farmers Home Administra-
tion Act. With the 1961 act, loans were permitted to support water systems
serving nonfarm rural residents without regard to the number of farms that
shared the water supply.

Subsequent legislative changes were made in 1965 and again in the
Rural Development Act of 1972. The legislative authorization is now for loans
for facilities including water systems that primarily serve farmers, ranchers,



farm tenants, farm laborers, and other rural residents of open country
and rural towns and villages of not more than 10,000 population. Grants
to cover part of project development costs are authorized.

Local agents such as counties, small municipalities, and special
service districts as well -as some nonprofit corporations are eligible for
program assistance. Loans must be secured and are statutorially limited
to a maximum term of 40 years or the useful life of the facility to be
financed.

District Organization and Formation. In Il1linois, the organizations

available for rural water district formation and financial assistance
under the Farmers Home Administration's rural water program are public
water districts and not-for-profit corporations. Districts are formed
through petitioning local circuit courts by any 100 legal voters within
the 1imits of the proposed district. A hearing is held after which the
question of public water district formation is submitted to the voters

of the proposed district. If a majority of the votes cast favor district
creation, the water district becomes a political subdivision of the state.

Districts are governed by a board of seven trustees each serving
five year terms. The trustees are appointed officials placed in office
either by an elected County Board or Township Board depending on district
location. Although not very common, rural water systems may also be owned
and operated by a not-for-profit corporation where all users become members
of the corporation.

Rural Water District Operation. Rural water districts in I1linois

fall within the statutory definition of "public water supplies" and are
thus subject to state laws and regulations governing these supplies. The
major laws controlling public water supplies in ITlinois are the act that
regulates the operation of a public water supply and grants regulatory
power to the I1linois Pollution Control Board and the part of the I1linois
Environmental Protection Act that authorizes I1linois Environmental Pro-
tection Agency supervision of public water supplies. I17inois statutes
require each public water supply, including rural water districts, to

[N

m—

By

———_

—



employ at least one person certified competent as a water supply
operator. These services may be contracted. To ensure the maintenance
of a safe, adequate supply of water for domestic use, districts must
submit water samples periodically for analysis and provide reports of
operations as requested by the ITlinois Environmental Protection Agency.

Districts also must acquire three types of permits (construction,
operating, and algicide) from the I11inois Environmental Protection Agehcy
and monthly reports have to be submitted as well as the results of
required tests. I11inois law requires public water supplies to add
flouride to their water.

District Characteristics and Cost Analyses. Rural water systems

serving farms and nonfarm rural residences are small relative to urban
water supply systems whether measured by number of customers or volume

of output. The median number of customers reported was 278. The systems
are characterized by low user density with approximately 5.6 users per
mile, on average. Ground and surface water sources are used about equally
for raw water supplies and 84 percent of the systems reported buying some
water, either raw or treated.

Low user density systems are characterized by relatively more
customers and more miles of water line than systems with higher densities.
About 40 percent of the average monthly per user expenditure of $16.00
(1980 dollars) by I11inois rural water systems was for debt service. The
other 60 percent was for operating and maintenance outlays. In general,
systems with more users per mile of water line and those with a larger
volume of output had lower average per user and per million gallons of
water costs suggesting technical efficiencies in the provision of rural
water services.

In statistically analyzing operating costs and construction costs,
an inverse relationship between per unit costs and size was identified.
On average, per unit operating costs decline by about $9.00 (1978 dollars)
for every additional one million gallons of water sold by ITlinois' rural
water systems. However, an additional supply of four million gallons per



year and a concomitant reduction in average user density of one customer
per mile of water 1ine would be approximately cost neutral in impact.

On the average, the unit price for water Tines and elevated storage
tanks were inversely related to the quantity of pipe and capacity

of tanks contained in construction bids. Both cost aspects suggest the
average total cost of water service from rural districts is declining
throughout the feasible range of output.

Water Users and Demand. Because rural water services exhibit the
characteristics of "natural monopolies" with continuous falling average
costs throughout the feasible output range, they are priced following
a dec11ning block rate structure. Most rural water districts provide
1,000 gallons of water with the minimum monthly charge that averaged
$9.76 in 1982. The number of blocks in the rate schedules ranged from
two to seven. Other gallonages entitled with minimum charges included
1,500,. 2,000, and 4,000.

On average, I11inois rural water district users
purchased 4.64 thousand gallons of water a month at an average price
of $5.77 per 1,000 gallons in 1982. Farm customers accounted for
22 percent of all customers and had only slightly higher average con-
sumption rates than their nonfarm counterparts. The average income
in 1982 for all users was $16,958 with farm users averaging
$14,861, 18 percent below nonfarm residential users.

Expectedly, users with higher incomes had higher monthly
water bills and bought more water per month. Other factors influencing
water purchases included household size and water price. Household
demand was price inelastic over much of the range of quantity purchased
with some suggestion that demand became elastic above approximately $9.00
per 1,000 gallons. No seasonal variation in water consumption of any
significance was observed with the ratio of summer purchases to winter
purchases in 1982 being 1.15. Because of the use of average price in the
analysis of rural water service demand, generalizations from the reported
results should be done with caution.

[
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Geographic/Spatial Analysis. Case studies of two representative
rural water districts provide rich detail on the geographic characteristics
of rural water systems. In map form, information on line locations,
spatial features and terrain characteristics are presented. In analyzing
the impact of rural water services on land use in the two case districts,
no evidence was found suggesting the provision of potable water by rural
water districts influenced the conversion of farmland to nonfarm uses
and the scatteration of residential acreages across the countryside.

In one case system only about seven percent of total user population was
receiving service and in the 14 rural subdivisions in the district's |
jurisdiction, only 60 percent of the households purchase water.

There appears to be a stronger suggestion from the analyses of
the two study cases that the land use change from agricultural to rural
nonfarm residential use occurred first with demands for a higher quality,
dependable potable water supply following rather than the presence of
the water service encouraging development and land use change. Of course,
these conclusions are most valid for districts with locational and physical
characteristics similar to those of the case study districts.

Chapter 1 Footnotes

1. A comprehensive assessment of rural water conditions in the United
States is found in the five volume national study summarized by
Francis (1983).
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CHAPTER 2
LEGISLATIVE HISTORY OF RURAL WATER PROGRAMS

The Farmers Home Administration (FmHA), a rural credit agency of
the United States Department of Agriculture (USDA), has served as one of USDA's
major resources in fulfilling the rural development mandate of the Rural
Development Act of 1972,1 which initiated new programs of federal aid to rural
communities and residents, expanded several existing rural community development
programs, and added rural development as a basic mission of USDA.2 At present,
FMHA is obligating several hundred million dollars annually3 in long-term low
interest loans to finance community facilities? in rural areas and communities
of not more than 10,000 popu]ation.5 Over 1000 new water supply and waste
disposal systems or system improvements in the United States are financed
annually for eligible entities,® namely public agencies and other
organizations operated on a nonprofit basis.

A. History

The Community Facility Program (the Program) originated with the
enactment of the Water Facilities Act of 1937, which authorized the Secretary of
Agricu]ture to make direct long-term, low interest loans to develop water
facilities for household and farm use, and to assist in the construction of
facilities for water utilization and storage.” As originally conceived, the
program was limited to the "arid and semi-arid areas of the United States."8
As administered by the Farm Security Administration,? FmHA's predecessor
agency, assistance was confined to the seventeen western states.10 The
Water Facilities Act further required the loans to benefit farms.ll By
interpretation, l1oans to associations could not be made without a showing that
the major users of the facility were to be farmers.12

In 1954 Congress amended the Water Facilities Act to extend it to
the entire United States.l3 The 1954 amendments increased project
assistance from the unrealistically Tow spending Timits of the original Act to
$250,000 in the case of loans to incorporated municipalities and
associations.16
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The passage of the Consolidated Farmers Home Administration Act of
196115 was the next major development in the history of the Program. It
initiated an era of rapid expansion for this and other FmHA programs. This law
was intended to consolidate the programs administered by the FmHA for real
estate, farm operating, emergency, and water facility loans.16 sections 304
and 306 of the 1961 Actl’ replaced the Water Facilities Act of 1937, as
amended, in its entirety.18 Section 306 expanded USDA authority to make
water facility loans. For the first time, loans were permitted to associations
serving nonfarming rural residents, without regard to the number of farm
families that shared the water supp]y.19 Other changes made in 1961
included a new provision to protect the territory served by an FmHA-financed
community facility loan from curtailment or limitation resulting from
competitive facilities that might be developed with the expansion of boundaries
of municipal and other public bodies served by an FmHA-financed system;20 an
increase in the per project spending limits to $T“mi1lion in the case of funds
borrowed from the Agricultural Credit Insurance Fund and $500,000 for funds
borrowed from the U.S. Treasury;21 the imposition of a maximum repayment
period of 40 years;22 an increase in the maximum interest rate to 5 percent
per annum;23 and an increase in the statutory authorizations of loans from
the Agricultural Credit Insurance Fund to an annual limit of $150
million.24

The Consolidated Farmers Home Administration Act25 was amended
in 1965.26 These amendments added waste disposal facilities as an eligible
loan purpose.27 In addition, these amendments gave the USDA authority to
make grants of up to 50 percent of the development cost of projects for
development, storage, treatment, purification, or distribution of water in rural
areas. 28 OQther important program changes included the authorization of
larger projects by increasing project funding limits from $1 million to $4
million,29 and an increase in the amount of FmHA loan insurance authority
for all real estate programs, including community facilities, from $200 million
to $450 million annua]]y.30 To ensure that the program would not work at
cross purposes with local government objectives, the amended law required the
review and approval of local municipal planners and state water poliution
control agencies.31 Another important change increased, from 2500 to 5500,

[SPE
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the population limits for communities eligible for assistance.32 The 1965
amendments recognized the special need of rural communities for water and
sanitation systems. They attempted to provide rural areas with assistance,
comparable to that available to citizens in urban areas, in developing adequate
facilities. The assistance was available without regard to whether the rural
communities were primarily associated with agricu]ture.33

The Rural Development Act of 1972 (the 1972 Act) added the most
recent statutory changes to the Program.34 Under this Act, Congress
substantially increased the number of communities eligible for assistance by
raising the population Timit in the definition of "rural area" from 5500 to
10,000.3% oQther important changes made in 1972 include an increase from
$100 million to $300 million in the annual appropriation authorization for
grants for rural water, sewer, and solid waste disposal systems,36 and
elimination of the $4 million ceiling on FmHA assistance to any one community
facility project.37 To fund the expanded program, Congress established the
Rural Development Insurance Fund.38 The 1972 Act adds rural development as
a basic mission of USDA, rather than any other agency. It directs the Secretary
of Agriculture to establish national goals for all elements of rural community
development and to coordinate the activities of all the agencies of the
Executive Branch toward attaining the goals of the Act.39

B. Present Program

In the years since the passage of the Rural Development Act of
1972,40 there have been few statutory changes in the Community Facility
Program.41 Pursuant to the Consolidated Farmers Home Administration Act of
1961,42 the Secretary has promulgated detailed regulations for the
administration of the Program.43 Under the Program, the FmHA is authorized
to make loans for community facilities that primarily serve farmers, ranchers,
farm tenants, farm laborers, and other rural residents of open country and rural
towns and villages of not more than 10,000 popu]ation.44 Funds may be used
to construct, enlarge, extend, or improve water service facilities, and also to
pay related project costs such as land aquisition and legal fees.#> Grants
for up to 75 percent of project development costs are available for water
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systems.46 Grants are made to the most financially needy communities in
order to keep rural residents' user rates at reasonable levels.4/

Loans are available to public bodies such as counties, small
municipalities, and special service districts.48 Nonprofit corporations
having significant ties to the local rural community and assured sources of
income are also eligible for assistance.?9 1In addition, prospective
borrowers must be unable to obtain needed funds from other sources at reasonable
rates and terms;50 have legal authbrity to borrow and repay loans, to
pledge security for loans, and to construct, operate, and maintain the
facilities or services;5! pe financially sound and able to organize and
manage the facility effective]y;52 base the project on taxes, éssessments,
revenues, fees, or other satisfactory sources of money sufficient to pay for
operation and maintenance as well as to retire the debt;53 plan projects
consistent with applicable comprehensive and other development plans for the
community; and comply with federa],‘state, and local laws.5%

Community facility loans are limited to a maximum term of 40
years,55 but in no event may they exceed any statutory limits on an entity's
borrowing authority or the useful 1life of the facility to be financed, whichever
is less.?® Loans must be secured in a manner that will adequately protect
the FmHA throughout the repayment period of the loan.5/ Specific
requirements for security for each loan are negotiated with prospective
borrowers. As a general rule, bonds or notes pledging taxes, assessments, or
revenues will be accepted as security from public bodies if they meet all
statutory requirements.58 Nonprofit corporations may use notes pledging
revenue as acceptable security when the notes are secured by a perfected first
1ien on real and personal property.59
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FOOTNOTES

Rural Development Act of 1972, Pub. L. No. 92-419, 86 Stat. 657 (codified
in scattered sections of 5, 7, 16, 42 U.S.C.).

7. U.S.C. § 2204(b) (1976).

Water Newsletter, April 13, 1982, at 4.

As used in this report, "community facilities" denotes all facilities
eligible for funding under FmHA reqgulations published at 7 C.F.R.

§§ 1942.1-.19 (1982), entitled "Community Facility Loans." Accordingly,
it includes programs such as'water systems, sanitary sewer systems, and
other essential community facilities. The emphasis of this report is
water systems.

The definition of "rural" and "rural area" as used in the Community
Facility Program is provided in 7 U.S.C. § 1926(a)(7) (1976), which states
that "rural" and "rural area" do not include any area in any city or town
that has a population in excess of 10,000 inhabitants. This section gives
no population Timit for unincorporated areas.

Water Newsletter, April 13, 1982, at 4.

Water Facilities Act of 1937, Pub. L. No. 75-399, § 1, 50 Stat. 869, 869.
Id. § 1.

The Farmers Home Administration Act of 1946, Pub. L. No. 79-731, 60 Stat.
1062, reconstituted the Farm Security Administration in the Farmers Home
Administration.

H.R. Rep. No. 2290, 83d Cong., 2d Sess. 3, reprinted in 1954 U.S. Code
Cong. & Ad. News 3047, 3051. \

Water Facilities Act of 1937, Pub. L. No. 75-399, § 1, 50 Stat. 869, 869.
S. Rep. No. 566, 87th Cong., 1st Sess. (1961), reprinted in 1961 U.S. Code
Cong. & Ad. News 2243, 2309.

Act of August 17, 1954, Pub. L. No. 83-597, §§ 1, 2, 68 Stat. 734,
734-735.

Id. § 4.

Consolidated Farmers Home Administration Act of 1961, Pub. L. No. 87-128,
75 Stat. 307 (codified in scattered sections of 7 U.S.C.) [hereinafter
called 1961 Act].
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S. Rep. No. 566, 87th Cong., 1Ist Seés. 63, reprinted in 1961 U.S. Code
Cong. & Ad. News 2243, 2304.

1961 Act, Pub. L. No. 87-128, § 341, 75 Stat. 307, 318.

Water Facilities Act of 1937, Pub. L. No. 75-399, 50 Stat. 869, 869.

S. Rep. No. 566, 87th Cong., 1st Sess. 67, reprinted in 1961 U.S. Code
Cong. & Ad. News 2243, 2309. _

1961 Act, Pub. L. No. 87-128, § 306(b), 75 Stat. 307, 308 (codified at 7
U.S.C. § 1926(b) (1976)).

Id. § 306(a).

1d. § 307(a) (codified at 7 U.S.C. § 1927(a) (1976)).

Id.

Id. § 308.

1961 Act, Pub. L. No. 87-128, 75 Stat. 307.

Act of Oct. 7, 1965, Pub. L. No. 89-240, 79 Stat. 931 (codified at 7
U.S.C. §§ 1926, 1928, 1929). .

Id. § 1 (codified at 7 U.S.C. § 1926(a) (1976)).

1d.

Id.

Id. § 2.

Id. §1

1Id.

1d.

Rural Development Act of 1972, Pub. L. No. 92-419, 86 Stat. 657.

Id. § 109 (codified at 7 U.S.C. 1926(a)(7) (1976)).

Id. § 105 (codified at 7 U.S.C. § 1926(a)(2) (1976)).

Id. § 110.

Id. § 116 (codified at 7 U.S.C. § 1929(a) (1976)).

Id. § 603 (codified at 7 U.S.C. § 2204 (1976)).

Rural Development Act of 1972, Pub. L. No. 92-419, 86 Stat. 657.

The only statutory amendment has been codified at 7 U.S.C. 1926(a)(13)(A)
(1976) . This amendment established a grant program to assist certain
rural volunteer fire departments.

1961 Act, Pub. L. No. 87-128, 75 Stat. 307.
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7. C.F.R. §§ 1942.1-.19 (1982). These regulations were authorized by
§ 339 of the 1961 Act, Pub. L. No. 87-128, 75 Stat. 307, 318.

7 U.S.C. § 1926(a)(1), (7) (1982).

7 C.F.R. § 1942.5 (1982).

7 U.S.C. § 1926(a)(6) (1976). For the 75 percent figure, see the FmHA
Instruction 1942.354(f). The Instruction is available to the public in
any FmHA office. »

7 U.S.C. § 1926(a)(6) (1976).

7 C.F.R. § 1942.1 (1982).

1. |

Id. § 1942.2 (1982).

Id. § 1942.5.

Id.

1d.

Id.

Id.

7 U.S.C. § 1927(a) (1976).

Id.

Id. § 1927(c).

Id.

Id.
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CHAPTER 3
I1. ORGANIZATION AND FORMATION OF RURAL WATER DISTRICTS

A. Federal Requirements

1. General Authorization

The Secretary of Agriculture is authorized to make or insure loans
to associations, including nonprofit corporations and public and quasi-public
agencies, to provide for the establishment of projects for the conservation,
development, use, and control of water.l These projects must serve rural
residents primarﬂy.2 The Secretary is also authorized to make grants to
these associations to finance specific projects for works for the development,
storage, treatment, purification, or distribution of water in rural areas.3
The amount of any such grant may not exceed 75 percent of the development cost
of the project, which must be designed to accommodate the area that the
association determines can be served feasibly by the facility, plus any
reasonably foreseeable growth needs of the area.% No grant will be made
unless the Secretary determines that the project will serve a rural area that,
if the project is carried out, is not likely to-decline in population below the
level for which the project was designed.5 Any project receiving a loan or a
grant must be necessary for orderly community development and consistent with
any comprehensive community water development plan for the area.b Any request
for financial assistance must be submitted to the appropriate planning authority
for review and comment.’ If two or more applications for financial assistance
are received for projects that would serve substantially the same group of
residents, and one application is submitted by the unit of local government,
this application will be preferred over that of the not-for-profit
corporation.® Preference is also given to any grant or loan application from
a community having a population not in excess of 5500 with a community water
supply system that suffers unanticipated deterioration and requires immediate
remedial action to ensure adequate water supp]y.9

s [

oot

[

——

e



17

2. Community Facility Loans

Loan funds may be used to construct, enlarge, extend, or otherwise

| improve community water facilities.10 In relation to these facilities, loan

funds may be used for reasonable fees, services, and costs;11 interest on
1oans;12 the purchase of existing faci]ities,13‘1and and property
rights,14 and equipment;15 operating expenses;16 and refinancing

debts.l7 Facilities that obtain loans must be for public usel8 and may
not exclude individuals on the basis of race, color, religion, sex, marital
status, age, or national origin.lg

The interest rate for each loan is established by the Farmers Home
Administration (FmHA) on the date the loan is approved.20 This rate is set
by FmHA at least each quarter of the fiscal year and is based on the Bond Buyer
Index for 20-year rated bonds.21 [oans at 5 percent interest are available
under certain conditions.?2 The interest rate on all loans is increased by
2 percent if the project financed involves the use of or construction on prime
farmland.23

The 1oan repayment period may not exceed the useful life of the
facility or 40 years from the date of the note, whichever is less.24 Water
system loans are secured by the full faith and credit of the borrower when the
debt is evidenced by general obligation bondsZ2® and/or pledges of taxes or
assessments26 and/or pledges of facility revenue.?’ In addition, liens
will be taken on the interest of the applicant in all land, easements, rights of
way, water rights, and similar property rights used or to be used in connection
with the facility, whether owned at the time the loan is approved or acquired
with loan funds.28 AN applicants must provide a financial feasibility
report prepared by a qualified individual or firm not having a direct interest
in the management or construction of the faci]ity.29 Provision for the
accumulation of necessary reserves over a reasonable period of time must also be
included in the loan documents.30 Obtaining a loan is further conditioned
on the applicant obtaining membership authorization;31 property,32
workers' compensation,33 1iabi]ity,34 and malpractice insurance;35
fidelity bonds;35 and all necessary agreements to acquire land, easements,
water rights, and other property rights.36
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After financing for a project has been secured, construction may
commence. FmHA oversees this phase of the project through supervised bank
accounts for any funds furnished under the loan agreement,37 inspections
during the construction operations,38 and supervision of construction
payments.39 FmHA also specifies the borrower's accounting procedure40
and requires that the borrower be audited annua]1y41 and submit annual
management reports.42 In addition, the Community Facility Loan Regulations
include nonfinancial requirements.43

3. Development Grants for Community Water Systems

FmHA also administers a program of grants to assist in financing
the development cost of domestic water systems to rural®? communities .49
FmHA makes these grants in a manner that assures maximum support of the state's
strategies for development of rural areas .36 Applications for water
development grants are processed in accordance with the procedures outlined for
community facility loans.4/ Applicant eligibility and priority for grants
are also determined in accordance with loan criteria,48 with the additional
requirement that the water system have sufficient capacity to provide reasonable
fire protection.49 Grant funds may be used only for the installation and
improvement of community domestic water facilities,50 including facilities
for the development, storage, treatment, purification, and distribution of
water.51 Grant funds may also be used to acquire land and other property
rights,52 to purchase equipment,53 to construct buildings and other
structures needed for facility maintenance,54 and to pay costs incidental to
the establishment of the facility.55 Unlike loans, grant funds may not be
used for annually recurring operation and maintenance expenses,56 purchase
of existing systems,57 refinancing existing indebtedness, or interest

costs.58

As determined by FmHA, grants are used for water projects serving
the most financially needy communities to reduce user costs to a reasonable
level for rural residents.%9 Ordinarily, an applicant will be considered
for grant assistance only when the debt service portion of the average user cost
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exceeds certain percentages60 of median incomebl for those users in the
applicant service area.b2 If the applicant's users meet this qualification

and FmHA determines that a reasonable user cost has not been achieved®3 due

to unusually high operation and maintenance, construction, or water acquisition
costs or other factors, FmHA may proceed with a grant in an amount necessary to
reduce the user cost to a reasonable level.b4

When an FmHA loan and grant are processed simultaneously, the
review procedures applicable to loansb must be followed.f6 When a
grant only (but no FmHA loan) is being made, FmHA must assure only that the
proposed deve]opmeht is completed in accordance with approved plans and
specifications;57 grant funds are expended for authorized purposes;68
and the terms of the grant agreement are satisfied.69 Nonfinancial
requirements for facilities obtaining grants are the same as those prescribed
for facilities receiving loans.’0

B. State Requirements

As stated above,71 FmHA grants and loans may be issued either
to public agencies or to nonprofit associations. 1In Illinois, the organizations
available for rural water district formation under these categories are public
water districts’2 and not-for-profit corporations,73 respectively. |

1. Public Water Districts

Any contiguous area in the state having a population of not more
than 500,000 inhabitants,74 which is so situated that the construction or
acquisition by purchase or otherwise and the maintenance, operation, management,
and extension of waterworks properties within the area will be conducive to the
preservation of public health, comfort, and convenience of the area, may be
created into a public water district.’® Waterworks properties can include
wells, springs, streams, and other sources of water supply; water treatment and
distribution equipment; fire protection equipment; and lands, easements, rights
of way, and other property rights necessary for the broper development and
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distribution of a water supp]y.76 Any 100 legal voters within the limits of
any proposed public water district may file a petition in the circuit court for
the county in which the proposed district (or the major portion of it) is
located.’” The court must hold a hearing on the petition, in which any

person may suggest alterations to the proposed limits and boundaries of the
district.”’8 The court must take these suggestions into account, and

arrange to submit the question of public water district formation to the voters
of the proposed district as part of a regular election.’9 If a majority of

the votes cast on this question favor creation of the district, the district is

deemed an organized public water district, a public corporation, and a political

subdivision of the state.80 It may hold property in its corporate name, sue
and be sued, and enter into contracts related to its purposes, including
contracts with any city, village, or incorporated town for furnishing a supply

of water.A81

A board of trustees consisting of seven members82 is created
to govern, control, and manage the business affairs of each public water
district.83 The term of each trustee is five years,8% and each receives
a sum not to exceed $600 per year.85 The trustees serve as the corporate
authority of the district, exercise all of its powers, and control its affairs
and properties.86 These powers include submitting to the voters in the
district87 the question of a tax levy; appointing an attorney, engineers,
and other necessary officers;38 appointing a general manager;89
condemning needed property;90 and constructing water mains under and across
highways.91 The board has the responsibility of maintaining or disposing of
the waterworks propertyg2 and acquiring such property either by purchase or
condemnation.93 The board must promulgate rules and regulations necessary

to its activities, and establish rates and charges for water and water service.

Charges must be sufficient to pay for the maintenance, operation, and principal
and interest owed on all debts of the district.9%

The fiscal responsibilities of the board of trustees include
amendment and approval of the annual operation and maintenance budget,95
maintenance of financial records, arrangement for a yearly independent
audit,g6 and disbursement of the district treasury.97 The trustees have
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significant responsibility with respect to revenue bonds, which they may issue
and sell to pay the acquisition, improvément, or extension costs of waterworks
property.98 The revenue bonds may also be used to reimburse or pay the cost
of creating the district.99 These bonds are payable solely from the income
and revenue derived from operation of the waterworks properties;loo The

bonds must be authorized by a board ordinance that generally describes the
contemplated project; final plans and specifications are not required prior to
revenue bond issuance.101 The.ordinance authorizing the issuance of

revenue bonds may, in the discretion of the district, provide that the bonds be
secured by a trust agreement or a depositary agreement between the district and
a trust company or bank having the powers of a trust company.lo2

A public water district may expand its operation to supply water
to any city, village, or incorporated town located within the boundaries of the
district and not operating a waterworks system of its own.103 A district
may also contract to supply water to any city, village, or incorporated town
owning or operating a water works system, whether or not within the district,
provided that this activity is merely incidental to the maintenance and
operation of waterworks properties for the use and benefit of the inhabitants of
the district.104 p public water district may expand through annexation of
contiguous territory,105 if two-thirds of the legal voters residing in |
that territory petition the circuit court for annexation.106 The petition
is followed by a court hearing regarding the proposed expansion,107 and a
court order to submit the annexation plan to the district board of
trustees.108 The board of trustees must then meet to discuss the proposed
annexation, which requires a two-thirds affirmative vote of the board .109
Contracting the scope of operations of a public water district may be
accomplished through disconnectionl10 or dissolution.lll

2. Not-For-Profit Corporation

The second organizational option112 available to rural water
districts in I1linois is the not-for-profit corporation.113 One of the
permitted purposes of a not-for-profit corporation is ownership and operation of
water supply facilities for drinking and general domestic use on a mutual or
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cooperative basis.114 not-for-profit corporation has the power to sue

and be sued,115 and to acquire, hold, and dispose of any interest in real

or personal property.116 It may make contracts and incur liabilities
appropriate to the accomplishment of its purposes.117 The corporation may
borrow money to accomplish those purposes”8 and may secure its

obligations with its property.119 The corporation may purchase insurance
for its directors or officers against any liability incurred while acting on
behalf of the corporation.120 The corporation may elect or appoint

officers or agents, define their duties, and fix their compensation.121
By]aws of the corporation may he enacted and altered.122

In a rural water district not-for-profit corporation, all users
become members of the corporation.123 A corporation may have one or more
classes of members,124 and the designation of each class and the rights
and duties of its members must be set forth in the articles of incorporation or
the by]aWs.125 An annual meeting of the members of the corporation must
be held at a location specified in the by]aws.l26 Special meetings of the
members may be called by the president or the board of directors.127
Members must have appropriate notice of any meetin9128 and are entitled to
vote as provided in the articles of incorporation or bylaws of the
corporation.129 '

The legal existence of the corporation begins at the issuance of a
certificate of incorporation by the Secretary of state.130  This occurs
following filing of the articles of incorporation, if the Secretary finds that
the articles are not defective.l3l After the issuance of the certificate
of incorporation, the first meeting of the board of directors must be held for
the purpose of adopting the initial by]aws.132 A corporation may amend
its articles of incorporation through submission of the amendment at a meeting
of voting members,133 or through the action of the board of directors if
there are no voting members.134 The articles of amendment must then be
executed by the corporation135'and filed with the Secretary of
State.136 1f the Secretary finds that the amendment conforms to
law,137 it becomes effective in changing the\artic1es of
incorporation.138

.
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The corporation is managed by a board of directors.1391 The
qualifications of the directors are prescribed by the articles of incorporation
or the bylaws. Although ordinarily the directors need not be members of the
corporation, for FmHA financed projects they must be members of the
corporation.140 The number of directors, fixed by the bylaws, must be at
least three.l4l The bylaws or the articles of incorporation establish the
term of office of directors, their manner of election, and the number of
directors constituting a quorum. These can be varied through
amendment.142 pg provided in the articles of incorporation and the
bylaws, the directors may designate and appoint one or more committees
consisting of two or more directors to manage various aspects of the
corporation.l43 Meetings of the board of directors must comply with the
notice and attendance requirements of the by]aws.144

The officers of a not-for-profit corporation must consist of a
president, one or more vice-presidents, a secretary, a treasurer, and such other
officers and assistant officers as are considered necessary.145 The
election and appointment of officers is governed by the articles of
incorporation or the bylaws, but no term of office may exceed three
years.146 Any officer may be removed from office by those authorized to

elect or appoint that officer whenever in their judgment the removal would serve

the best interests of the corporation147 A corporation may indemnify its
officers, directors, employees, and agents against liability incurred performing
the business of the corporation.148

Further provisions pertaining to not-for-profit corporations
require that the corporation maintain a registered office and a registered
agent149 in the state,150 keep correct and complete books and
records,151 and file an annual statement.152 Not-for-profit
corporations may not issue shares of stock153 or provide loans to officers
and directors.154 Not-for-profit corporations may undergo voluntary
dissolutionl®5 or be ordered into involuntary dissolution.156
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FOOTNOTES

Consolidated Farm and Rural Development Act, as amended, 7 U.S.C. §
1926(a) (1976). This section authorizes loans for other community
facilities serving rural areas.

For the purposes of water facility loans or grants, the term

"rural® normally does not include funding to any city or town with a
population in excess of 10,000 (according to the latest decennial census
of the United States) as per 7 C.F.R. §§ 1942.17(b) (1982).

7 U.S.C. § 1926(a)(2) (1976).

1d.

Id. § 1926(a)(3)(i).

Id. § 1926(a)(3)(iii). The project may not be inconsistent with any
~state, multijurisdictional, county, or municipal plan approved by the

competent authority for the area where the rural community is located.

Id. Under this provision, the b]anning agency has thirty days to

determine whether the proposed project is consistent with its area-wide
goals and plans.

1d. § 1926(a)(8).
1d. § 1926(a)(13).

7 C.F.R. § 1942.17(d)(1) (1982).

Id. § 1942.17(d)(5)(i). These may include expenditures associated with

legal, engineering, architectural, fiscal advisory, recording, or planning

services.

Id. § (d)(5)(ii).

1d. § (d )(5)(111)

Id. § (d)(5)(iv).

Id. § (d)(5)(v). This includes the purchase or rent of equipment
necessary to install, maintain, extend, protect, or operate the faci]ity.
Id. § (d)(5)(vi). This ordinarily includes only initial operating

expenses for a period not to exceed one year, when the borrower is unable
to pay these expenses. Note, however, that I1linois law does not give
water districts in ITlinois specific authority to borrow for operating
expenses. See I11. Rev. Stat. ch. 111 2/3, § 203 (1981).
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7 C.F.R. § 1942.17(d)(5)(vii) (1982).

Id. § (e)}. Public use is defined in id. § e(1) as affording service to
all users Tiving within the area that logically should be served.

1d. § (e)(2).

1d. § (F)(1).

1Id.

Id. § (f)(2). Loans at 5 percent interest are available only if two
conditions exist. The current median income of the project service area
must be below the poverty line for a nonfarm family of four and the loan
must be to construct or improve facilities to meet applicable health or
sanitary standards. The median income of the service area is determined
by the U.S. Department of Commerce, Bureau of the Census, id.

§ (F)(2)(ii)(A). The poverty line is that for a nonfarm family of four,
as prescribed by the Office of Management and Budget as adjusted under the
Economic Opportunity Act of 1964, § 624, 42 U.S.C. § 2971(d).

7 C.F.R. § 1942.17(f)(3) (1982). Prime, or unique, farmland is defined in
accordance with FmHA Instruction 440.1, Exhibits B and J, available to the

public from any FmHA office.

1d. § (F)(4).
1d. § (g)(1)(i)(A).
Id. § (g)(1)(i)(B).
Id. § (g)(1)(i)(C).
Id. § (g)(1)(i)(D).
Id. § (h)(1). The financial feasibility reports must include reasonable

projections of income from user cash contributions.

Id. § (i). Ordinarily, under the federal regulations, the requirements
for resources are met through special assessment bonds or general
obligation or other bonds that pledge the full faith and credit of the
political subdivision. Id. § (i){(1). Reserves must be sufficient to
ensure timely payment of loan installments, emergency maintenance,
extensions to facilities, and replacement of short-lived assets. A total
reserve should equal at least one average loan installment, and should be
accumulated at the rate of at least one-tenth of the total each year until
the desired level 1is reached, id. With regard to the more limited taxing
authority available in Illinois, however, see infra note 87.
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7 C.F.R. § 1942.17(3)(1) (1982).
1d. §
1. §
1d. §
1d. §
1d. §
1d. §
. §
1d. §
Id. § (q). The accrual method of accounting must ordinarily be used, and
all records must be retained for a period of at least three years, id.

§ (a)(1).

Id. § (q)(4).
Id. § (q)(2). Management reports provide financial information on the

borrower to FmHA.

These requlations specify that fhe water systems must have sufficient
capacity to provide for reasonable fire protection and growth, id. §
1942.18(c)(3)(i); have water pressure between 20 and 90 pounds per square
inch, id. § (3)(ii); use pipe that conforms to standard, id. § (3)(iii);
and not leak more than 10 gallons per inch of pipe diameter per mile of
pipe per 24 hours, id. § 3 (iv). FmHA also provides forms and standards
for construction contracts, id. § 1942.]8(9), procurement contracts, id.
§ (i), and employment contracts, id. § (h).

See supra note 2.

7 C.F.R. §§ 1942.351-1942.372 (1982).

1d. § 1942.351(a).

1d. § 1942.2(b).

Id. § 1942.353. See supra text accompanying notes 3-8.

Id. § 1942.353(a)(2).

1d. § 1942.354(a).

1d. § (a)(1).

1d. § 1942.354(c).

Id. § (b). The equipment must be necessary to enable the facility to

remain in operation.
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Id. § (d).

Id. § (e).

1d. § 1942.355(a)(2).
1d. § (a)(7).

1d. §§ (a)(8), (10).
Id. § 1942.356(b). Reasonable user rate is defined as a rate not less
than existing prevailing rates in communities being served by an
established system constructed at similar cost. per user and having similar
economic conditions. Exceptions to this reasonable user rate rule may be
granted if the median income in the applicant service area is less than
$4000.

These percentages are .5% when the median family income of the service
area is below the poverty line, FmHA Instruction 1942.356(b)(2)(i); 1.0%
when the median family income of the service area is not more than 85% of
the nonmetropolitan median family income of the state, id. (b)(2)(ii). No
FmHA grant funds will be used in any project when the median family income ’
of the service area is more than 85% of the nonmetropolitan median family
income of the state. Id. (b)(2)(iii). FmHA Instruction 1942.356(b).

The median income in the applicant community and in the communities used
in comparing the proposed system with similar systems is determined from
the U.S. Department of Commerce, Bureau of the Census Publication PL
(1)-C, as per 7 C.F.R. § 1942.356(b)(6) (1982).

7 C.F.R. § 1942.357(b)(2) (1982).

See supra note 59.

7 C.F.R. § 1942.356(b)(4) (1982). Costs may not be reduced below a
reasonable level.

Id. §§ 1942.5-1942.8.

Id. § 1942.357(a).

1d. § (a)(1).

1d. § (a)(2).

1d. § (a)(3).

1Id. § 1942.358-1942.372. Those nonfinancial requirements contained in id.
§ 1942.18 are included in supra note 43.
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See supra text accompanying note 1.
Authorized by An Act in Relation to Public Water Districts, I11. Rev.
Stat. ch. 111 2/3, § 188 (1981).

Authorized by the General Not For Profit Corporation Act, I11. Rev. Stat.,

ch. 32, § 163a3 (1981).

Rural water districts must comply with statutory population limits to
qualify for FmHA assistance. - See supra note 2 and Chapter 2, note 5.
IT1. Rev. Stat. ch. 111 2/3, § 188 (1981).

Id. The statute Tists streams specifically among possible waterworks

© properties.

Id. § 189. The petition must contain a definite description of the
proposed district boundaries.

1d.

1d.

Id.

Id.

The circuit court may appoint a smaller board if justified by the small
size of the district, id. § 191a.

Id. § 191. The trustees are appointed by the governing body of the

political entity (township, municipality, or county) that wholly contains

the district. If the district is located in more than one county, then

trustees are proportionately appointed from the appropriate counties based

on the distribution of county population within the district. Id. §
191(1)-(4).

Id. § 191(4).

Id. The maximum is $1200 if sewerage properties are involved.

Id. § 192.

Id. § 192a. The tax levy proposal is submitted to the voters of the
district during the reqular election. The proposition may authorize the
board of trustees to levy annually, for a period of not more than ten
years, a tax not to exceed .02 % of the value of the taxable property of
the district. -Those funds are to be used for the corporate purposes of
the district.

[
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Id. § 193.

Id. § 194, The general manager is appointed for a term of five years, at
a compensation fixed by the board. He must devote his time exclusively to
the affairs of the district. He has the power to employ, discharge, and
fix the compensation of all employees of the district, plus other powers
conferred by the board of trustees. He is also responsible for submitting
a tentative annual operating budget to the board. 1d. § 200.

Id. § 195. If the construction, acquisition, or improvement of any
waterworks property will require that private property be taken or
damaged, the district may cause that property to be condemned and
ascertain and pay compensation pursuant to the Il1linois eminent domain
statute, now located in I11. Rev. Stat. ch. 110, §§ 7-101 to 7-129
(1981). |

I11. Rev. Stat. ch. 111 2/3, § 196 (1981).

Id. § 198.

1d.

Id. § 199. The rules and regulations and the rates and charges must be
established by ordinance as per id. § 210.

1d. § 200.

1d. § 201.

Id. § 202. Money may be paid out of the treasury only upon an order
signed by the chairman and the secretary of the board. The order must
indicate clearly the purposes and extent of the expenditure, and the fund
from which it is payable.

1d. § 203. The bonds may also be used to pay the principal of and
interest on any prior revenue bonds and to create an operating fund of
reasonable size for the district. Id. § 208.

Id. § 203.
1d. The revenue bonds must mature at a date not exceeding forty years

from their date of issue. The interest rate is regulated by I11. Rev.

Stat. ch. 17, § 6602 (Supp. 1982).

Id. ch. 111 2/3, § 204.

EE. § 205. The trust agreement may contain provisions concerning the
;;ths and remedies of the bond holders, but the agreement may not convey,

mortgage, or create any lien on the waterworks property of the district.
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Id. § 206. This may be done after adoption of an ordinance by the city,
village, or incorporated town requesting the water district to supply
water for public and domestic use. '

Id. § 207.

Id. § 212.1.

Id.

Id. § 212.2.

Id. The plan is submitted to the trustees, if the court finds it to be
properly submitted.

1d. § 212.3.

Id. § 212.3-1. The requirements for disconnection from a public water
district are difficult to meet. The area that is sought to be
disconnected must: not be contiguous in whole or in part to any other
public water district; contain twenty or more acres; not be subdivided
into municipal lots or blocks; be located on the border of the public
wafer district; and, if disconnected, not result in the isolation of any
part of the district from the remainder of the district. If these
requirements are met, the owners of the land sought to be disconnected
must petition the circuit court alleging facts in support of
disconnection. The water district itself or any'taxpayer within the
district may defend against these allegations. If the court finds that

the allegations of the petition are true and sufficient, it must order the

disconnection. The disconnection does not, however, exempt the owner of
the disconnected land from district taxation accrued prior to the filing
of the petition.

Id. § 212.4-.9. The procedure for public water district dissolution is
similar to the procedure for district formation, requiring petition of the
court, id. § 212.5; a hearing on the petition, id. § 212.6; and a majority
vote in favor of dissolution, id. § 212.7. A district is also dissolved,
id. § 212.15, if all of its territory is annexed by a municipality under
the terms of the Il1linois Municipal Code, id. ch. 24, § 11-151-4.

See supra text accompanying note 1.

These organizations are governed by the General Not For Profit Corporation
Act, I11. Rev. Stat. ch. 32, §§ 163a-163a100 (1981), which defines a not-
for-profit corporation as a "corporation no part of the income of which

is distributable to its members, directors or officers; provided however,

———
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that the payment of reasonable compensation for services rendered and the
making of distributions upon dissolution . . . shall not be deemed a '
distribution of income.” 1Id. § 163al(c).

Id. § 163a3.

1d. § 163a4(b).

Id. §§ 163a4(d), (e).

Id. § 163a4(qg).

Id.

Id.

1d. § 163a4(j). The corporation may indemnify its officers, directors,
employees, and agents under certain circumstances. Id. § 163a23.1.

Id. § 163a4(1).

1d. § (m).

FmHA I11inois Instruction 1942-AA, § 1942.23.

I11. Rev. Stat. ch. 32, § 163a7 (1981).

1d.

1d. § 163al12.

Id. A special member meeting may also be called by such other persons as
provided in the corporate bylaws or articles of incorporation.

Id. § 163a13. Notice must be in writing, be timely (not more than 40 days
nor less than 5 days before the meeting), and clearly indicate the purpose
of the meeting.

Id. § 163al14. Under Illinois law, voting may be by proxy; it is not
required that each member have one vote. The right to vote may be
limited, enlarged, or denied as specified in the articles of incorporation
or the bylaws. The bylaws may also provide the number of members
constituting a quorum. Id. § 163al5. For an FmHa-financed project,
however, each member is to have one vote, and voting may not be
cumulative. FmHA Instruction 1942-A (Guide 4).

Id. § 163a30.

1Id. § 163a29. The certificate may be filed by any three or more persons
over the age of 21, acting as incorporators. Id. § 163a27.

Id. § 163a31.

Id. § 163a33(a).

Id. § 163a33(b).
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Id. § 163a34. The articles of amendment must clearly set forth the
procedure under which the amendment was adopted. Id. &§ (c), (d).
1d. § 163a35.

1d.

1d. § 163a36.

1d. § 163al6.

1d.

Id. § 163al7. See FmHA Instruction 1942-A (Guide 4).

Id. §§ 163al17, 163a19.

Id. § 163a20. No such committee may have the authority of the board of

~directors in reference to amending, altering, or repealing the bylaws;

electing, appointing, or removing any member of such committee, director,
or officer of the corporation; amending the articles of incorporation;
authorizing the sale, lease, or exchange of all or subétantia]]y all of
the corporation's property and assets; or dissolving the corporation. 1Id.
§ 163a20(1)-(7). ‘

Id. § 163a21.

1d. § 163a22.

1Id.

Id. § 163a23.

1d. § 163a23.1. The corporate official must have been acting in good
faith and in a manner reasonably believed not to be opposed to the
company's best interest in order to qualify for indemnification.

The registered agent is the agent of the corporation for the purpose of
receiving any process, notice, or demand required or permitted by lTaw to
be served on the corporation. Id. § 163all.

1d. § 163a9.

Id. § 163a24. These records are subject to inspection by any member or
his agent for any proper reason at any reasonable time.

1d. §§ 163a62, 163a63.

Id. § 163a25.

1d. § 163a26.

Id. §§ 163a43-163a48. These sections provide for a plan of distribution
that will provide that the corporation assets remaining after satisfaction
of all creditors may be distributed to the members.
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Id. §§ 163a49-163a61. Involuntary dissolution occurs by decree of a-court
upon complaint in equity filed by the Attorney General, when it appears to
the court that the franchise of the corporation was procured through
fraud; the corporation has continued to violate the provisions of the Act
under which it was organized (see supra note 113); the corporation has not
fully cooperated with the Secretary of State's misconduct investigation;
the corporation has fraudulently solicited money or fraudulently used
solicited money; or the Corporation has substantially and willfully
violated the provisions of the state consumer fraud law (I11. Rev. Stat.
ch. 121 1/2, § 261-272). 1d. ch. 32, § 163a49(a)-(e). Involuntary
dissolution and subsequent liquidation of assets and satisfaction of
creditors may also be ordered if the corporation has failed to file annual
reports, maintain a registered agent, or pay fees. Id. § 163a49.1. Suits
for involuntary dissolution may be brought by a member or director when
the corporation is no longer acting in its best interest, id.

§ 163a53(a), or by a creditor entitled to a judgment against the
corporation, id. § 163a53(b).
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CHAPTER 4
OPERATORS AND OPERATION OF
RURAL WATER DISTRICTS IN ILLINOIS

An I11inois rural water district is considered a "public water supply"
which is defined to include: |

all mains, pipes and structures through which water

is obtained and distributed to the public, including
wells and well structures, intakes and cribs, pumping
stations, treatment plants, reservoirs, storage tanks
and appurtenances, collectively or severally, actually
used or intended for use for the purpose of furnishing
water for drinking or general domestic use and which
serves at least 15 service connections or which
regularly serves at least 25 persons at least 60 days
per year.

The statute distinguishes between community and non-community water supplies. A
"community water supply" is a public water supply that "serves or is intended to
serve at least 15 service connections used by residents or regularly serves at
least 25 residents."2 A "non-community water supply" is a water supply that

is not a community water supp]y.3 The I11inois Environmental Protection

Agency (IEPA or Agency) regulates only community water supplies.

I11inois rural water districts, which fit within the statutory
definition of community water supplies, are thus subject to state laws and
regulations. Two statutes are primarily applicable: the I1linois Environmental
Protection Act,?4 which establishes IEPA and gives it authority to regulate
water supplies, and "an act to regulate the operating of a public water
supp]y."5 Regulations are promulgated by the Pollution Control.Board (PCB),
which has rulemaking authority and also hears appeals of IEPA actions.® The
IEPA exercises supervisory authority over community water supplies, pursuant to
the Environmental Protection Act and the PCB rules and regu]ations.7 The
following discussion summarizes these laws applicable to the operation of
community water supplies and describes the regulatory schemes promulgated under
their authority.8

—
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A. water'Supp1y Operators

1. Statutory Requirements

a. Operator Requirements

I1linois law requires each non-exempt public water supply,
including rural water districts, to employ at Teast one natural person certified
competent as a water supply operator.9 Each public water supply that includes
coagulation, lime softening, or sedimentation as part of its primary treatment
must hire a certified Class Al0 water supply operator.]1 Every public
water supply that includes filtration, aeration and filtration, or ion exchange
equipment as part of its primary treatment must hirel2 a certified Class A
or Class B operator.]3 Each public water supply that uses only chemical
feeding must hire a certified Class C,]4 Class B, or Class A water supply
operator.15 Those public water supplies in which the facilities are limited
to pumpage, storage, or distribution must have Class D,16 Class C, Class B,
or Class A water supply operators.

A public water supply can satisfy these requirements by
contracting for the services of a properly qualified certified operator of the
required class or higher.17 The IEPA receives notice of the operator's
employment when the water supply files a Notification of Certified Operator in
Responsible Charge form with the Agency.18

b. Certification of Water Supply Operators

The process of water supply operator certification is the
regulatory responsibility of the IEPA: assistance in policy information and
program development is provided by the Water Supply Operator Certification
Advisory Board (Advisory Board).]9 The Agency conducts certification
examinations, issues certificates of competency, and passes on the
qualifications of applicants for reciprocal certificates.20 The Agency may
suspend, revoke, or refuse to issue any certificate on grounds of fraud or
deceit in attempting to gain a certificate;2! negligence, misconduct, or



35

incompetency in the operation of a water supp]y;22 declaration of insanity

or mental illness or deficiency by a court of competent jurisdiction;23 and
failure to comply with any of the rules24 pertaining to the operation of a
water supp]y.25 On its own motion, the Agency may investigate the action of

a certificate holder.26 The Agency must investigate the competency of a
certified operator upon receipt of a sworn written complaint from any person
setting forth charges that, if proved, would constitute grounds for certificate
suspension, revocation, or refusal.2’ The I11inois Pollution Control Board
will conduct formal hearings or proceedings pertaining to the 1EPA's refusal to
issue, revocation, or suspension of a certificate, on the sworn written request
of the certificate applicant or holder.28

The Advisory Board29 dssists in the formulation and review of
the policies and program of the Agency regarding Water Supply Operator
Certification, and provides technical advice and assistance as requested.30
It can recommend the waiver of experience requirements as a pre-requisite for
admission to a written examination. 1In addition, the Advisory Board can provide
initial review of Agency refusal, suspension, or revocation of a
certificate, and advise the agency of suggested action.3!

Every applicant for certification must demonstrate the ability to
maintain and operate properly the structures and equipment in the appropriate
classification defined in the certification law.32 (Classification of water
supply operators .is based on level of competency as determined by examination
and in accordance with educational and experience requirements.33
Appropriate credit, to be applied against the experience requirement, for
certain educational endeavors may be granted by the Agency.34 Certificates
are issued for a period of three years35 and may be renewed.36 A
certificate will be issued to the holder of an unexpired certificate from any
state, territory, United States possession, or foreign country with comparable
requirements and a similar reciprocity provision.37

2. Regulations for Water Supply Operator Certification

Pursuant to the public water supply law, the Environmental Protection
Agency has promulgated a set of regulations governing water supply operator
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certification.38 These rules specify the frequency and location of

water supply operator certification exams39 and review the certification
eligibility requirements40 as described in the Act.4l The regulations
summarize the characteristics of the written certification examination: the
portions of the exam that must be taken,42 the scoring method,43 and the
procedure for retake of the exam on failure of a section or

subsection.44

The Agency must also review the qualifications of all applicants
for certification4® and the requests for certification by reciprocity.46
The regulations further specify the procedure for review of the Agency's action
in refusing to issue, suspending, or revoking a certificate.4’ Under this )
procedure, the applicant may request a preliminary hearing before the Advisory
Board; the Board recommends a course of action to IEPA. The Agency then makes a
final decision based on this recommendation. If the final Agency decision is
not favorable to the petitioner, or if the applicant chooses not to use the
Advisory Board review procedure, a formal hearing before the Pollution Control
Board may be requested under the provisions of the Act.48

B. The Protection of Public Water Supplies
1. The Environmental Protection Act

The Environmental Protection Act49 provides for Agency
supervision of public water supplies®0 both to protect the public from
disease and to ensure an adequate supply of potable water.51  The Act
governs submission of plans and specifications for construction, changes, or
additions to public water supply installations.52 Official custodians®3
of public water supplies must submit plans and specifications for Agency
approval before initiating any work. Plans must be complete and in sufficient
detail to show all construction changes or additions that might affect the
quality or the adequacy of the water supp]y.54 Plans and specifications
meeting these criteria must be approved by the Agency, if they are satisfactory
from the standpoint of water quality and adequacy of supp]y.55



The Act further requires official custodians of public water
supplies to maintain a continuous safe, adequate supply of water for domestic
use.%0 official custodians must submit water samples for analysis and
provide reports of operations as requested by the Agency.57 The Pollution
Control Board has the power to adopt regulations to carry out these statutory

directives.58

2. Regulations for Public Water Supply Operation

The I11inois Pollution Control Board regulations for public water
supph’es59 govern another aspect of rural water districts as community water
supplies. The premise of these rules is the finding of the General Assembly
that "state supervision of public water supplies is necessary in order to
protect the public from disease and to assure an adequate supply of pure water
for all beneficial uses."80 The rules are intended to serve as a guide in
the design, preparation, and submission of plan documents for public water
supply systems and their operation; to delineate limiting values for items upon
which an evaluation of such plan documents will be made; to establish, so far as
is practicable, uniformity of practice among the various engineers; and to
delineate operation and maintenance procedures as necessary to ensure safe,

adequate, and clean water .61

a. Permits

The regulations require each public water supply facility to
obtain three types of permits: construction, operating, and algicide. No
person shall cause or allow the construction of any new public water supply
installation, or cause or allow the change of or addition to any existing public
water supply, without a construction permit issued by the IEPA.62  The
permit requirement for public water supply installation, change, or addition
does not include routine maintenance, service pipe connections, hydrants and
valves, or replacement of equipment, pipe and appurtenances with their
equivalents; however, all maintenance and replacement work must be performed in

accordance with accepted engineering practices.63

[o——
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A1l applications for construction permits must contain, where
applicable, a summary of the basis of design, operational requirements, general
layout, detailed plans, and specifications. These plan documents for a public
supply or modification of an existing public water supply must be prepared by a
person qualified under the appropriate professional registration Actsb4 and
must have the necessary professional seal affixed. No construction permit will
be granted unless the applicant submits adequate proof that the public water
supply conforms to the design criteria promulgated by the Agency, or is based on
other criteria that the applicant proves will produce consistently satisfactory
results.65

Construction permits for public water supply facilities are valid
for construction beginning within one year from the date of issuanceb6 and
may be renewed for additional one-year periods at the discretion of IEPA.
Construction, once started, may continue for four years without permit renewal,
and may be extended. Liability may result from construction of a public water
supply without a permit.67

An owner or operator of a public water supply cannot cause or
allow the use or operation of any new public water supply, or any new addition
to an existing supply for which a construction permit was required without an
operating permit issued by the Agency.68 Applications for operating permits
must contain the name and certificate number of the certified operator, as well
as the name and location of the supply, the construction permit number, and any
other information required by IEPA. Operating permits remain valid until
revoked, unless otherwise stated in the permit.69

An algicide permit is required for the application of algicide to
any stream, reservoir, lake, pond, or other body of water used as a public water
supply. Permits issued under this regulation by IEPA are valid for public water
supply sources only. Copper sulfate is the only algicide that may be used in
public water supp]ies.70 Applications for algicide permits must contain the
name and certificate number of the certified operator supervising the
application of the algicide and sufficient additional information to evaluate
properly the dosages and effects of the treatment. Each permit application must
include a statement describing the extent of the algae problem, the history of
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any algae problems and algicide treatments, and a description of any fish kills
resulting from past treatments.’! Algicide permits are valid for the period
stated in the permit, with a five-year maximum.’2  Sould there be any major
change either in the operation of the water supply, or in the algae growth,
which affects the use of copper sulfate as outlined in the permit, the water
supply officials shall submit an application for modification of the

permit.73

Permit applications must be signed by the owner, official
custodian, or authorized agent of the public water supply, and must be
accompanied by evidence of authority to sign the apph‘cation.74 If the IEPA
fails to take final action by granting or denying the permit, as requested or
with conditions, within 90 days from the filing of the completed application,
the applicant may consider the permit granted for a one-year period. The
applicant may waive this 90-day final action requirement.75

"~ In addition to the specific conditions authorized under the
regulations as discussed, the Agency may impose other conditions necessary to
accomplish the purposes of the Environmental Protection Act, and not
inconsistent with regulations promulgated by the Pollution Control Board.’6
An applicant may consider any condition imposed by the Agency in a permit as a

refusal by the Agency to grant a permit, and may appeal the Agency's decision to .

the Pollution Control Board.”’

The Agency may adopt criteria, published in the form of technical
policy statements, for the design, operation, and maintenance of public water
supply facilities as necessary to ensure safe, adequate, and clean water./8
These criteria may be revised from time to time to reflect current engineering
judgment and advances. Technical policy statements are adopted and amended as
agency rules in accordance with the requirements of the I11inois Administrative
Procedure Act. This law requires publication of propbsed rules in the Illinois
Register, followed by a 45-day peridd for public comment; it also specifies
other requirements before a proposed rule may be effective.’9

As of March 1984, the IEPA had in draft form the text of new
Public Water Supply Technical Policy Statements.80 These policy statements,

gt
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which supplement the regulations, include more comprehensive explanations and
additional information, particularly in the area of water supply design. Both
the regulations and the Technical Policy Statements should be consulted.

Whenever emergency conditions require immediate action, the Agency
may issue construction and operating permits by telephone (to be confirmed in
writing), with whatever special conditions the Agency deems necessary>to
safequard the health of water consumers. "As-built" plans and specifications
covering the work performed under the telephone permit must be submitted to the
Agency as soon as reasonably possible. Modifications required by IEPA after
review of the submission must be made prompt]y.gl

Violation of permit conditions or failure to comply with
applicable rules or regulations may result in enforcement actions, including
revocation of permit, initiated by filing a complaint with the Pollution Control
Board .82 Any public water supply permit issued under these regulations is
not considered valid unless and until applications have been made for all other
required permits from state Agencie583 and permits as needed from other
Divisions of the Agency have been obtained.

b. Operation and Maintenance

To assure the continued operation and maintenance of public water
supplies, each supply must be under the individual direct supervision of a
municipal or private corporation, individual private owners, or a regularly
organized body governed by a constitution and bylaws requiring regular e]ect1on
of officers.8% The body exercising this direct supervision must file with
IEPA a statement of ownership before beginning construction of any public water
supply faéi]ity, and will be considered the owner until IEPA receives a
notification of change of ownership.85_ A1l official operating reports
submitted to the Agency are to be signed by a certified operator, who is
responsible for the proper operation of the supply. Moreover, all provisions of
ﬁhe Act relating to certification of public water supply operators86 must be
followed. |
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The PCB regulations contain detailed provisions designed to ensure
that a sufficient quantity of water will be available and that its quality will
be acceptable. Accordingly, the regulations impose controls on quality and
quantity of raw water.87 Each public water supply must take its raw water
from the best available source that is economically reasonable and technically
possible, and must act to protect a water source under its control or
;ownership,88 The quantity of raw water, whether from a surface supply or
groundwater, must be adequate to supply the total water demand of the public
water supply from that source, as well as a reasonable surplus for anticipated
growth. In the case of a groundwater source, this quantity must be available
without excessive dep]etion of the aquifer.89

A number of regulations are designed to ensure that water will be
treated properly, and that the quality of the finished water will be acceptable
when the water reaches consumers. These regulations recognize the crucial
importance of competent day-to-day operation of water supplies. Because the
standards are complex and detailed, however, they are treated only briefly in
this report.

These operating requlations include exacting specifications for
treated water quality in public water supp]ies.go Sampling methods and
parameter 1imits are specified for bacteriological qua]ity,gl chemical and
physical quah‘ty,g2 and radiological qua]ity.93

The sampling and monitoring requirements are an integral part of
the regulatory scheme .94 Regulations specify the required frequency of
sampling, as well as the number of samples required. Bacteriological samples,
for example, must be submitted monthly; the number of samples required increases
with the size of the population served by the water supp]y.95 The
regulations require less frequent analysis for chemicals, trihalomethanes, and
radioactivity.95 Official custodians of community water supplies that use
surface water sources must perform sampling and turbidity analysis
daily.97

The rules further require that all public water supplies, except
those purchasing treated water containing adequate chlorine or having an
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exemption, must chlorinate water before it enters the distribution system. IEPA
sets levels of chlorine and promulgates procedures for chlorination.98

ITTinois Taw also requires public water supplies to add flouride to their
water .99

Reporting requirements and record maintenance are another aspect
of public water supply regulation.loo' Monthly reports must be submitted
to the Agency by all supp]ies.‘U] In addition, the owner or operator of a
public water supply must report to IEPA the results of a required test,
measurement, or analysis, and the failure to comply with any requirement in the
regulations.]o2 Any owner or operator must retain on its premises or at a
convenient location near its premises the following records: 103 reports
of bacterial and chemical ana]yses;w4 records of action taken to correct
violations of the Environmental Protection Act and regu1ations;105 records
relating to any sanitary survey of the water supp]y;]o6 and records
concerning a variance granted to the supply.107

One of the most serious concerns of the public water supply
reqgulations is contamination of the supply. A1l public supplies undergoing
repair work must be adequately protected to prevent contamination of the water
system during the work.108 A disinfection prbcedure specifically approved
by the Agency must be employed at any public water supply that has
been repaired, reconstructed, or altered.109 When contamination
persists in a public water supply, as demonstrated by bacteriological analysis,
the official custodian must notify consumers to boil all water used for drinking
or culinary purposes until corrective action has been effective.l10 The
official custodian of a public water supply must protect the supply from danger,
including spillage of hazardous substances and water-borne
diseases.111

To prevent contamination, the PCB rules strictly regulate cross
connections. No physical connection is permitted between the potable portion of
a public water supply and any other water supply not of equal or better
qua]ity.112 Control of all cross connections to a public water supply is
the responsibility of the official custodian. A privately~owned water supply
source that meets the applicable criteria may be connected to a public water
supply with approval by the official custodian and IEPA.113
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Public notification, designed to make consumers aware of the condition
of their water supply, is required if the supply fails to comply with quality
and monitoring requirements.114 The regulations provide for notice to
persons serviced by the water supply; in some situations notice to the general
public is required.115 |

Although the operational requirements for water supplies have been
presented rather briefly, compliance with these detailed requirements is
essential to a well-run water supply. IEPA's Division of Public Water Supplies
provides assistance to water supply personnel, so that compliance can be
achieved and consumers will have a reliable source of potable water.

i
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FOOTNOTES

I11. Rev. Stat. ch. 111 1/2, § 505(a) (1983). See also the Environmental
Protection Act, I11. Rev. Stat. ch. 111 1/2, § 103(u) (1983).

I11. Rev. Stat. ch. 111 1/2, §§.505(b), 1003(rr) (1983).

Id. §§ 505(c), 1003(ss). Both the public water supply law and the
Environmental Protection Act state that their requirements do not apply to
non-community water supplies.

Id. §§ 1014-1019, 1004(a), (c).

Id. §§ 501-523. _

See, e.g., id. §§ 512 (appeals), 1017 (rulemaking).

See, e.g., State of Il1linois Rules and Regulations, Title 35;
Environmental Protection; Subtitle F: Pub]ic_water Supplies; Chapter I:
Pollution Control Board and Chapter II: Environmental Protection Agency
[Hereinafter cited as Subtitle F]. _

Laws are subject to amendment and regulations are frequently amended.
Thus, the reader should consult current versions of the laws and
regulations discussed in this report.

Id. § 501. A water supply operator is defined as "any natural person
trained in the treatment or distribution of water who has practical
working knowledge of the chemical, biological, and physical sciences
essential to the practical mechanics of water treatment or distribution
and who is capable of conducting and maintaining the water treatment or
distribution processes in a manner which will provide safe potable water
for human consumption." Id. § 504.

The I1linois water supply operator certification law includes a
provision defining an "exémpt public water supply." Id. § 509.1. An
exempt supply must register with IEPA the person in responsible charge of
the supply, as well as the official custodian or owner. The statute
provides no experience or examination requirements for the person in
responsible charge of an exempt water supply. Id. § 509.2.

A "Class A" Water Supply Operator Certificate is issued to persons who
demonstrate a practical working knowledge of the coagulation, Time
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softening, and sedimentation water treatment methods, and who have
fulfilled the Class B, C, D, (see infra notes 13, 14, 16) operator

-requirements. Id. § 513(a).
Id. § 501(a).
1d. § 501(b).

A Class B Water Supply Operator Certificate is issued to persons who
demonstrate a practical working knowledge of filtration, filtration and
aeration, and ion exchange water treatment systems, and who have fulfilled
the requirements of Class C and D operators (See infra notes 14, 16). 1Id.
§ 513(b). \

A Class C Water Supply Operator Certificate is issued to persons who
demonstrate a practical working knowledge of chemical feeding and
disinfection water supply treatment and who have met the Class D (see

infra note 16) requirements. Id. § 513(c).
1d. § 501(c).

A Class D Water Supply Operator'Certificate is issued to persons who
demonstrate a practical working knowledge of water system pumpage,
storage, and distribution. Id. § 513(d).

1d. § 501(d).

See Subtitle F, § 603.103. Although the statute mentions the requirement
of a written contract filed with IEPA, the Agency considers the
Notification form as a contract between the custodian of the supply and
the certified operator.

I11. Rev. Stat. ch. 111 1/2, § 510, 511.

Id. § 510(a).
1d. § 510(d)(1).

1d. § 510(d)(2).

1d. § 510(d)(3).

The rules pertaining to the operation of a public water supply are
Subtitle F, supra note 7.

I11. Rev. Stat. ch. 111 1/2, § 510(d)(4).

1d. § 510(g).
1d.
1d. § 512,

[
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The Advisory Board consists of the Agency Director and five other members
appointed by the Governor. One of the members must be the chief executive
officer of a municipality operating its own municipal water plant. All
appointed members must have an active interest and background in water
supply management and operation. The appointed members of the Advisory
Board serve without compensation for a term of five years. 1Id. § 511.
1d. |

Subtitle F, § 680.703.

I11. Rev. Stat. ch. 111 1/2, § 514.

1d. |

Id. § 515.

Id. § 518(a).

Id. §§ 518(b)(c), 522.

Id. § 520. The statute, § 521, permits IEPA to grant "limited"
certificates under certain conditions. IEPA does not currently issue
limited certificates.

Subtitle F, Part 680.

Id. § 680.201-.203.

Id. § 680.301-.306.

See supra notes 10, 13, 14, 16.

Subtitle F, § 680.401.

Id. § 680.402.

Id. § 680.501-.503.

1d. § 680.302-.303.

1d. Subpart F.

Id. Subpart G.

I11. Rev. Stat. ch. 111 1/2, § 523 (1983).

Id. §§ 1001-45.

Id. Title IV: Public Water Supplies, §§ 1014-1019.

Id. § 1014.

Id. § 1015. See also Title X of the Act regarding permits.

The "official custodian" of a water supply is "any officer of an
organization which is the owner or operator of a public water supply, and
who has direct administrative responsibility for the supply." Subtitle F,
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§ 601.105. The "owner" has legal oWnership of the supply; the "official
custodian" is designated by the owner to act on behalf of the supply. The
term "official custodian" is used in the text of this report.

I11. Rev. Stat. ch. 111 1/2, § 1015 (1983).

Id. § 1016.

Id. § 1018.

Id. § 1019.

Id. § 1017. See Subtitle F, Parts 601-607.

Subtitle F, Parts 601-607.

I11. Rev. Stat. ch. 111 1/2, § 1014 (1983).

" PCB Rules and Regulations, Chapter 6: Public Water Supplies, § 102 (1979)

(omitted from current rules in Subtitle F).

Subtitle F, §§ 602.101-.120.

Id. § 602.101.

These include the laws regulating architects, I11. Rev. Stat. ch. 111, &§
1201-1236 (1983); professional engineers, id. §§ 5101-5137; and structural
engineers, id. §§ 6501-6530.

Subtitle F, §§ 602.105, 602.115.

Id. § 602.113.

According to id. § 602.116, whenever a supply has been constructed without
a construction permit, the Agency may require submission of "as-built"
plans prepared by a person qualified as described in § 602.105. Any
deficiencies requiring correction must be corrected within a time limit
set by the Agency. This does not relieve the owner or official custodian
from 1iability for construction of the supply without a permit. Liability
under the Environmental Protection Act arises pursuant to I11. Rev. Stat.
ch. 111 1/2, § 1042(a), which provides a civil penalty up to $10,000 and
an additional $1000 per day. The law, id., § 1044(a), also prescribes a
criminal penalty.

Subtitle F, § 602.102.

Id. §§ 602.109, 602.113.

Id. § 602.103.

Id. § 602.110

Id. § 602.113, as amended, 8 I11. Reg. 2157, effective Feb. 7, 1984.
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Subtitle F, § 602.110, as amended, 8 I11. Reg. 2127, effective Feb. 7,
1984,

Id. § 602.107.

Id. § 602.112.

Id. § 602.114.

Id. § 602.118. 1I11. Rev. Stat. ch. 111 1/2, § 1040 (1983) provides that
the applicant may petition for a hearing before the Board, where the
Agency shall appear as a respondent. The burden of proof rests with the
petitioner. _

Technical policy statements are available on request from the Illinois
EPA, Division of Public Water Supplies, Springfield, Illinois.

See I11inois Administrative Procedure Act, I11. Rev. Stat. ch. 127,

§§ 1001-1021 (1983). The first notice period required by the Act is the
45-day period following publication in the I11inois Register; public
hearing may be required. The second notice period provides time for
review by the Joint Committee on Administrative Rules. Id. § 1005.01.
Adopted rules must be filed with the Secretary of State and published in
the I11inois Register. Id. § 1006. See also I11. Rev. Stat. ch. 111 1/2,
§ 1028. ‘

These are to be codified as Sdbtit]e F, Parts 651-654.

Subtitle F, § 602.104. The written confirmation may be conditioned on
receipt and approval of thé "as-built" plans.

I11. Rev. Stat. ch. 111 1/2, §§ 1030, 1031 (1983). These sections provide
for Agency investigations on request of the PCB or receipt of information
concerning an alleged violation of the Act or its rules or regulations.

If the investigation discloses that a violation may exist, the Agency must
issue proper notice to the person complained against, who must then answer
the complaint at a hearing before the Board. Any person may file a
complaint with the PCB, but the burden of proof at the hearing is on the
complainant or the IEPA.

These include (but are not limited to) an I1linois Commerce Commission
Certificate of Convenience and Necessity, a Department of Mines and
Minerals Well Drilling Permit, or a Department of Transportation Permit
for a Change to Existing Waterways. See Subtitle F, § 602.120.
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Id. § 603.101,

Id. The EPA must be notified within 15 days of any change in ownership or
responsible personnel. Id. § 603.105. Notification is not valid unless
the new owner or responsible personnel indicates acceptance of the duties
in the notification document.

I11. Rev. Stat. ch. 111 1/2, §§ 501-523 (1983).

Water that has not yet passed through the treatment system is known as raw
water,

Subtitle F, § 604.501.

I1d. § 604.502.

Id. §§ 604.101-.405.

Id. §§ 604.101-.105

Id. §§ 604.201-.204.

Id. §§ 604.301-.303.

Subtitle F, Part 605.

Id. § 605.102.

Id. § 605.103-.108.

Id. § 605.109.

Id. § 604.401.404. See I11. Rev. Stat. ch. 111 1/2, § 1017(b) (1983),
which specifies criteria for exemption from the chlorination requirement.
This law was amended recently. See Technical Policy Statements, supra
note 80, § 653.607, which incorporates the requirements of the amended
statute.

IT1. Rev. Stat. ch. 111 1/2, § 12191 (1981). This Act requires that a
flouride ion concentration reported as F of 0.9 to 1.2 mg/liter be
maintained in all public water supply distribution systems. See also
Subtitle F, § 604.405.

Id. § 604.101-.103.

Id. § 606.101.

Id. § 606.102. Reports must be made within 40 days after the test,
measurement, or analysis, and failures to comply must be reported within
48 hours.

Id. § 607.106.

et
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Id.  Records of bacterio]ogicé] analyses must be kept for not less than

five years; records of chemical analyses must be kept for not less than
ten years.

Id. These records must be kept for a period of not less than three

years.

Id. These records must be kept for a period of not less than ten years.

Id. Variances from Agency regulations are granted, pursuant to I11. Rev.
Stat. ch. 111 1/2, &§§ 1035-1038 (1983), only on a showing that compliance
with a regulation or requirement would impose an arbitrary or unreasonable
hardship. The variance process involves a petition to the Agency, an
Agency investigation, and a hearing before the Pollution Control Board.
1Id. § 607.101.

Id. § 607.102.

Id. § 607.103. If the official custodian fails to act, IEPA can issue the

boil order. Boil orders are also required for certain water pressure
emergencies.
1d. § 607.103.

1Id. § 607.104. Cross connections link two different sources of supply.

Id.

1Id. § 606.201.
Id. § 606.201-.204. Notice to IEPA is required by § 606.102.
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CHAPTER 5
GENERAL CHARACTERISTICS AND COST ANALYSES
OF RURAL WATER SYSTEMS

The expenditure and general physical properties of rural water
districts in IT1linois are first described in this chapter. Subsequently,
analyses of operating costs and selected capital costs are presented.
The purpose of these descriptions and analyses is to 1) provide an
understanding of the nature of rural water systems regarding their
volume of output, number of users, density of users and miles of
pipeline, 2) suggest the general costs of rural water services per
user and per quantity of water provided and the relationship between
operating outlays and debt service, and 3) analyze the factors
influencing the operating and initial capital costs of rural water
systems with special emphasis on impact of size.

.Three data sources are employed in the cost and physical characteristic
analysis. The first‘source is from a brief mail survey of the 59 Il1linois
rural water districts. A total of 51 surveys were completed and returned
for a response rate of 86 percent. Survey data included information on
years of operation, miles of pipeline, number of users, water source and
current water rate schedule. The survey data was supplemented with
expenditure information available in the files of the ITlinois state
office of the Farmers Home Administration. Because of the paucity of
complete records, expenditure data for the years 1978 through 1980 were
collected. The sample of water districts used in the operating cost
analysis included observations on 36 different districts over the three
years for a combined total sample size of 62. Some districts had data
in more than one year. To account for price level changes, data were
adjusted to a 1978 base using the GNP implicit price deflator for state
and local government purchases. Matching the expenditure data and the
survey data to provide observations on user density reduced the number
of complete éxpenditure records to 45. This sample provided the descriptive

information on district cost characteristics and was also used to statistically

analyze per unit operating costs.
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The third data set on selected capital coSts from IT1inois rural
water systems was obtained from bid tabulations filed at the I11inois

state office of the Farmers Home Administration.

A total of 180 bid

tabulations of construction projects awarded during the period 1970
The projects undertaken were for the creation
and/or expansion and improvement of rural water distribution systems in

to 1981 was collected.
-the state.

GENERAL CHARACTERISTICS

The water systems studied in I11inois serving unincorporated areas that

have received financial assistance from the Farmers Home Administration
vary in size from 15 to 2,400 users and range in output from about 3 to

158 million gallons per year (Table 5.1).

Table 5.1

The majqrity of I1linois

General Characteristics of I1linois Rural

‘Water Districts, November 1982

Number
Characteristic Mean Median Minimum Maximum Reporting
Years in Operation 8.6 8 1 17 51
Number of Users 400.6 278 15 2,400 50
Miles of Line 71.0 50 2 380 44
Customers Per Mile of Line  5.6% -- 1.9 . 33.3 43
Ground Surface

b (%)
Water Source 53 47 51

Yes No

% %
Purchase Water 84 16 51

* A weighted mean obtained by dividing total wusers by total miles of Tline.



54

systems are between five andvlo years old. About 19 percent had been
in operation less than five years, while 28 percent were in operation
for more than ten years in 1982. Reported miles of pipe varied from 2
to 380 with a mean of 71 miles and a median of 50 miles. The median
number of users reported was 278 while user density ranged between 1.9
and 33.3 users per mile of pipe.

Interestingly, about 53 percent of the districts reported their
source of water as well or ground water while 47 percent indicated they
relied on surface water sources--rivers, reservoirs, lakes. Most districts
indicated they purchased water--treated or raw. Only 16 percent said
they buy no water. This suggests the interconnection of water systems,
to some extent, for the buying and selling of water among districts, with
cities or towns and with other possible sources. Neither the degree of
interconnection nor the details on water transfers and transactions were
obtained. Additional information on water "wholesaling" including contract
terms, pricing policies and legal implications would be of interest for
water policy planning and analysis.

Additional details on selected district characteristics are
presented in Figure 5.1. Surprisingly, about the same proportion of
reporting districts had 80 or more miles of 1ine as had less than ten
miles. ‘About 27 percent of the districts reported from 20 to 39 miles
of Tine.

Two common measures of water system size that are important in
understanding the uniqueness of providing potable water to farmers and
other residents in the countryside are 1) users per mile of pipe or
user density and 2) volume of production generally measured in millions
of gallons per year. The first size measure incorporates two aspects
of collectively provided rural water service. The first is the generally
small number of users. A 1965 I1linois study of urban public water
supply utilities that included 485 systems serving 71 percent of
the state's population reported that 56 percent of the urban systems
served populations over 1,000 (Afifi and Bassie, 1969). In contrast,
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only 5 rural systems in I11linois reported over 1,000 customers with 74
percent reported serving less than 500 customers and about 30 percent
serving less than 200 customers. A study of rural water systems in
the 5 states of Iowa, Missouri, Nebraska, North Dakota, and South
Dakota reported 61 percent of the systems in these states served 500
or fewer users (Gessaman and Janovec, 1982).

The second dimension of rural water service reflected in the user
per mile of pipe measure of size is the spatial aspect of the service.
Rural water system users are not concentrated or clustered
in communities but scattered in low densities across the countryside
Tiving on farms, rural acreages and noncontiguous residential sites.

About an equal proportion (20 percent) of systems reported user
densities of less than 5 users per mile of pipeline and 20 or more users
per mile of line. However, the 5 through 9 user per mile of line category
dominates. About 38 percent of the districts fell in this size range.
About 22 percent of the districts had between 10 and 19 users per mile

of line.

The second size measure, gallons of water sold, indicates that the
-majority (71 percent) of the reporting districts sell less than 20 million
gallons of water annually with about 13 percent reporting sales of Tess
than 5 million gallons, 31 percent with sales of 5 through 9 million
gallons, and 27 percent with sales of 10 through 19 million gallons.

Only 7 percent reported annual sales of 80 or more million gallons of
water.

Table 5.2 reports additional district characteristics broken down
by users per mile of line. This breakdown is for the 45 cases in the more
detailed data set that includes the cost information. Two general trends
are suggested by the information in this table. First, the districts with
lower user densities tend to have both more miles of pipe and more users.

As rural districts include a larger area in their jurisdiction, as indicated

by the miles of 1line, tc increase the number of customers, the users per
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Table 5.2

Selected I11inois Rural Water District Characteristics
by Users Per Mile of Line

Users Per Average Number Average Miles Average Average Gallonage Water Per

Full Sample

12.2

57.3

371.6

21.86

Mile of of Users Per of Line Number  of Water Sold Per User Per
Line Mile of Line of Users Year (m gal.) Year

» : t(t gal.)
Less than 5 3.9 145.6 553.6 25.82 46.64
5to9 7.5 54.0 397.5 . 20.65 51.95
10 to 14 11.8 37.0 410.0 35.43 86.41
15 to 19 17.2 8.6 144.3 23.27 161.26
20 and Over 28.1 7.1 186.2 9.17 49.25

58.83

mile of line declines.

Second, the average gallons of water sold does

not vary substantially among the categories of user densities.

exceptions are districts with 20 and over users per mile of line.

explanation for this might be that these systems serve fewer farms which
may have higher consumption rates than nonfarm customers.

A similar set of descriptions are presented in Table 5.3 but with
the districts classed by the quantity of water sold. The information in
Table 5.3 reinforces the notions evidenced in the previous table. First,
as the quantity of water sold increases, the average miles of line and
the average number of users also increase and concomitantly the average
number of users per mile of line generally declines. This suggests that
if there are economies of size in the provision of water services, as
most studies of the water utility industry have reported, rural water
systems may face a dilemma if lower user densities are associated with
diseconomies (Afifi and Bassie, 1969; Kitchen, 1977). To capture lower
per unit costs through increased output, systems need to add customers.
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Selected I11inois Rural Water District Characteristics

by Quantity of Water Sold Per Year

Quantity of Average Number Average Miles Average Average Gallonage Water Per
Water Sold of Users Per of Line Number of Water Sold Per User Per
Per Year Mile of Line 0f Users Year (m gal.) Year
(m gal.) (t gal.)
Less than 5 20.9 11.8 127.0 3.83 30.16
5t 9 12.4 22.6 167.8 7.09 42.25
10 to 19 10.3 41.2 282.9 12.86 45,46
20 to 39 13.9 125.3 570.7 28.45 49.85
40 to 79 8.6 108.5 733.6 48.42 66.00
80 and Over 8.4 186.7 1,122.7 94.34 84.03
Full Sample 12.2 57.3 371.6 21.86 58.83

And inzadding customers, the initial evidence suggests that user density
declines possibly countering the Tower costs captured with increased
water sales.

In general, the rural water systems in I11inois are small, in a
relative sense, whether measured by user density or volume of water sales.
Because these two characteristics are argued to be major factors in
determining the cost of providing rural water service, they are used as
classification categories to describe the expenditures of the Illinois
rural water systems using the cost sample of 45 cases (Moberg, 1976).

RURAL WATER DISTRICT COSTS

Unlike many services provided collectively, water service has
traditionally been treated as a self supporting enterprise not subsidized
with local tax revenues. Water services are generally paid for by users. !
Thus, to be self supporting in the Tong run, enough revenue must be collected
from customers to cover costs.
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A11 costs must be considered, including capital and operating
and maintenance costs. Another classification of costs is whether
they are variable or fixed. In applying this classification to public
water service three categories can be delineated: 1) variable operating
costs--source of water, plant payrolls, treatment supplies, electric
power, etc., 2) semi-fixed or general--administration, meter reading
and customer services, maintenance, accounting and billing, and 3)
fixed capacity costs--capital depreciation or reserves, retirement of
debt, etc. (Hirshleifer, DeHaven and Milliman, 1969).

The first two categories correspond in general to commodity and
customer costs. The first, variable operating cost, varies with the
volume of water provided and sold while the second, semi-fixed/general,
varies not with the quantity of water but with the number of users.
Both categories require current expenditures and fall under operation
and maintenance outtays. Variable operating costs is the category from
which marginal costs basically derive.

The fixed capacity costs are invariant with the quantity of water
and with the number of users once a system has stabilized geographically.
These costs are capital costs and require no current money outlays unless
debt is being retired, which is generally the case. As the capacity costs
and semi-fixed/general costs are spread over more units of water produced,
the average total costs of water service are expected to decline steadily
over the entire range of feasible output. Even without capital or capacity
costs, the average operating cost curve for water utilities declines
continuously. This is the classic case of a decreasing cost industry
with marginal cost 1ying below average cost within the feasible range
of output (see Afifi and‘Bassie, 1969, pp. 101-103). Marginal-cost
pricing, as an efficient pricing rule, results in operating losses
since total revenues do not cover total costs. These conditions lead
to a two-part pricing system applied through block water rate schedules.
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The requirement that all rural water system costs, including
capital and operating and maintenance costs, must be considered can
be conveniently represented as:

C=0E+ER+ (DS -5) (1)
where C is the total annual cost, OE is the variable operating and
semi-fixed/general costs or operation and maintenance expenditures,
and ER + (DS - S) is the annual capacity costs comprised of equipment
reserve and depreciation (ER) and net annualized capital costs (DS - S)
or debt service. DS is the gross annualized capital cost and S is the
annualized adjustment accounting for front-end capital contributions.
These front-end contributions, which reduce initial capital borrowings
(and increase S) generally include 1) "user benefit units" which are
front-end monetary or in kind user contributions, e.g., tap-in or
membership fees and/or 2) public subsidies, e.g., a Farmers Home Administra-
tion rural water construction grant. The higher the interest charge, the
greater is DS. Subsidized interest rates reduce DS.

Under policies of the past two decades, construction grants and/or
below market capital charges on construction loans for rural water systems
have reduced the net annualized capital cost component of C for rural
water systems, permitting lower user fees. The median income level of
the service area was the basis, historically, for determining the amount
of grant funds that would be made available for subsidizing project
construction costs and until 1981 five percent 40 year project loans
were available from the Farmers Home Administration (Gessaman and Janovec,
1982, p. 5). Currently, interest rates for loans made under the water and
waste disposal Farmers Home Administration program are based on the median
family income level in the service area. That is, market rate if the
median family income of the service area is more than $16,439 per year;
intermediate rate if the median family income of the service area is
between $9,900 and $16,439 per year; or the poverty rate of 5% if the
median family income is below $9,900. As of December 1983, the market
rate was 9.5% and the intermediate rate was 7.25%.
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General Cost Characteristics

The monthly estimate of average (DS - S), on a per user basis,
for the sample of 45 cases on I1linois rural water systems is about
$6.00 (Table 5.4). For the rural systems in five north central states,

Table 5.4

Per User Cost Characteristics of I1linois
Rural Water Districts by Users Per Mile of Line

User Per Monthly Monthly Monthly Monthly Monthly
Mile of Line Salary Treatment Debt Operating Total

Expense Cost Service Expense Expense

(1) (2) (3) (4) (3)+(4)

Less than 5 $2.01 $.81 $7.32 $9.29 $16.61
5t 9 1.75 .97 5.78 8.35 14.13
10 to 14 2.38 .57 5.32 8.49 13.81
15 to 19 3.46 1.03 7.08 11.02 18.10
20 and Over 1.82 .54 5.10 5.64 10.74
Full Sample 2.03 .79 5.97 8.20 14.17

the monthly per user net capital charge varied between $6 for small
indebted systems to $20 for large indebted systems. The overall average
reported for Iowa, Nebraska, Missouri, North Dakota, and South Dakota

was $14 per month per user (Gessaman and Janovec, 1982, p. 24). The
comparable figure for rural water systems in Ohio is $11.70. The amortized
subsidized capital cost per user of rural systems was reported in Ohio as
being between two and four times the amount paid in many urban areas for
total monthly water service costs (Whitlatch and Asplund, 1981, p. 310).
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In addition to the monthly per user average debt service reported
in column (3), Table 5.4, salary expensé, treatment costs, operating
expense and total expense by user density categories are given. The
range of operating and maintenance outlays reported was from $9.29 per
month per user for systems with-less than five years per mile of
line to $5.64 per month per user for systems with 20 and more users
per mile of line. There is little evidence of a trend towards lower
per user debt service outlays with higher user densities.

The operating and maintenance expenditures (OE) per user averaged
$8.20 (in 1978 dollars) in I11inois (column 4, Table 5.4). In 1980
dollars, this is $9.64. A comparable OE figure from the five state
study was $16.04 (Gessaman and Janovec, 1982, p. 22). These costs are
above earlier estimates of $4.50-$7.50 made by Moberg (1976) using an
economic-engineering approach.

ER is generally not a funded expense. Rural water systems appear
to be consuming their capital stock. Sinking funds or other provisions

for funding the replacement of capital items are generally not established.

Thus, ignoring ER, the per user cost of rural water service in I11linois
(i.e., C* = 0E + (DS - S)), on average per month, is reported as $14.17
in 1978 or about $16 in 1980 dollars. About 40 percent is (DS - S) and
60 percent is OE. As given in Table 5.4, this varies from an average of
$16.61 per user for systems with less than five users per mile of line
to an average of $10.74 per user for systems with 20 or more users per

mile of line.

Table 5.5 presents average monthly debt service and operating
expenditures per user with rural water systems grouped by quantity of
water sold rather than user density. Per user operating outlays do

not vary much across the alternative size groupings (column 4, Table 5.5).

However, the per month debt service outlays generally increase as the
quantity of water sold increases reaching an average of $8.40 per user
in systems providing 80 and over million gallons of water annually.
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Table 5.5

Per User Cost Characteristics of I11inois
Rural Water Districts by Quantity of Water Sold Per Year

Quantity of Monthly Monthly Monthly Monthly Monthly

Water Sold Salary Treatment Debt Operating Total
Per Year Expense Cost Service Expense Expense
(m gal.) (1) (2) (3) (4) (3)+(4)

Less than 5  $1.54  §.60 $5.90 $6.15 $12. 05

5to9 2.48 .58 4,78 7.69 12.47

10 to 19 1.41 .84 6.43 7.96 14.39

20 to 39 2.14 .44 5.97 9.42 15.39

40 to 79 2.33 1.25 6.56 10.10 16.66

80 and Over 2.52 1.28 8.40 9.94 18.34

Full Sample 2.03 .79 5.97 8.20 14.17

This 1is up from an average of $5.90 per user for systems selling less than
five million gallons. High volume systems tend to have more miles of line
and larger plants requiring more initial capital investment. Evidently,
the number of customers is not increased proportionately causing higher
per user debt service outlays in systems selling more water. Because

of the higher debt service outlays, total monthly average expenditures

per user are higher for the larger systems ($18.34) than the small systems
when system size is measured by water volume.

The general notion that per unit operating costs vary inversely
with user density and with the volume of outout is observed in
Table 5.6. Here annual expenditure data per million gallons of water
sold are organized by user density in the upper half of the table and
by quantity of water sold in the lower half of the table. Both breakdowns
support the contention that there are economies of size in rural water
service provision. Annual average operating expenditures per million
gallons declined from $3,026 for systems with less than five users
per mile of line to $1,446 for the most dense systems and from
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Table 5.6

Cost Characteristics of I11inois Rural Water Districts
by Users Per Mile of Line and Quantity of Water Sold

Users Per Annual Salary Annual Annual Debt Annual Operating Annual
Mile of Expense Treatment Service Expense Total
Line Cost Expense
(1) (2) (3) (4) (3)+(4)
per million gallons
Less than 5 $678.99 $379.84 $2,330.44 $3,025.99 $5,356.43
5t09 437.74 271.69 1,690.23 2,267.93 3,958.16
10 to 14 481, 27 86.97 989.52 1,716.76 2,706.28
15 to 19 478.07 42.52 1,255.75 1,743.93 2,999.68
20 and Over 457.01 128.73 1,400.78 1,446.34 2,847.12
Full Sample 499.31 220.72 1,622.42 2,134.56 3,756.98
Quantity of Annual Salary Annual Annual Debt Annual Operating Annual
Water Sold Expense Treatment Service Expense Total
Per Year Cost Expense
(m gal.) (1) (2) (3) (4) (3)+(4)
per million gallons
Less than 5 $555.22 $325.73 $2,623.90 $2,722.05 $5,345.95
5t 9 691.55 240.21 1,399.89 2,237.08 3,636.97
10 to 19 381.14 213.84 1,803.62 2,116.33 3,919.95
20 to 39 510.90 79.27 1,475.53 2,306.52 3,782.05
40 to 79 335.43 181.25 1,133.93 1,697.14 2,831.07
80 and Over 333.94 180.76 1,219.81 1,402.71 2,622.52
Full Sample 499. 31 220.72 1,622.42 2,134.56 3,756.98

$2,722 for systems selling less than 5,000,000 gallons per vear to an
average of $1,403 for systems selling 80 or more million gallons
annually. The avérage salary outlays and treatment costs follow a similar
pattern. The trend for annual average debt service per million gallons
of water sold is somewhat less prevalent, yet under both methods of measuring

size, annual average debt service per volume of output was more for systems

——
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with the smallest output and those with the least dense service areas
than for the systems with the largest output and those with the most
dense service areas. For the sample of 45 cases, the average total
annual outlay was $3,757 per million gallons of water. Adjusting

the operating outlays to 1980 dollars increased the per million gallon
average to $4,133.

Qperating Cost Analysis

The descriptive evidence suggests rural water systems with a
larger output of water may be more efficient and provide water services
at lower per unit operating costs. However, other factors, such as
user density may inhibit the realization of these efficiencies. To
investigate possible size economies in rural water services a statistical
cost analysis was conducted. While size economies in the public sector
have been the subject of a number of studies, few analyses focus on rural
areas where, as has been demonstrated, low densities present particular
challenges (e.g., Fox et al., 1979; Hirsch, 1968).

The statistical analysis focuses on the average operating cost of
rural water services. Of concern is the impact of a number of factors
on the average operating costs of collectively supplying one million
gallons of potable water per year to farmers and other customers of
I1linois' rural water systems. Of particular interest is the relationship
between the quantity of water provided and per unit operating costs.

Water Service Operating Costs. For analytical purposes it is
useful to divide Tocal services into those characterized by horizontally
integrated production, by vertically integrated production and by

circularly integrated production (Hirsch, 1968). This classification
provides, among other things, a framework for generalizing about the
expected relationship between unit costs of services and output.

Water supply services are produced in vertically integrated
processes. Vertically integrated services are expected to exhibit
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technical efficiencies over a wide range of output levels. The provision
of these services is characterized by successive levels of production,
which tend to be relatively more capital intensive, all contributing

value added to the service. Other vertically produced services in addition
to water supplies include sewage disposal, some public health services

(e.g., hospitals), public transportation and refuse collection and disposal.

The successive levels of production for vertically integrated water
services include 1) the collection or pumping of raw water, 2) the trans-
porting of raw water from a source of supply, 3) the treatment of the
water, and 4) the storage and distribution of treated water to users
(Hines, 1969). The investigation of the operating cost of these activities

jnvolves either 1) the examination of the economic behavior of one production

unit or system over a number of years or 2) the analysis of a number of
systems in a specific time period. For the former approach to yield
information on technical efficiencies, the observations have to be over

a time When the system being studied experienced substantial growth. With
the latter method, the assumption is that the variation among systems is
similar to the variation that would occur within one system over time
(Johnston, 1960). The latter method was used here since available data

is cross sectional.

Operating costs associated with the four successive levels of
water supply service production are the outlays for collection or
pumpage, treatment, transmission and distribution, accounting and
billing expenses and administration and general overhead. These items
include both commodity and customer costs. Factors expected to affect
these outlays include the quantity and quality of service produced,
service conditions affecting inputs (e.g., raw water quality), factor
price Tevels and the level of technology and productivity (Hirsch, 1965).

Specifically, the amount of potable water provided, as a direct
measure of output, is important in determining the relationship between
operating costs and the size of water supply systems. Economies of size
in water services have been the focus of a limited number of studies
of water utilities. These studies have generally been concerned with
water supplies in incorporated areas and average variable costs. For
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example, in a study of municipal water authorities in Pennsylvania,
Daugherty and Jansma (1973) observed significant size economies for
systems using a surface water supply. Andrews (1971) also found evidence
of declining unit operating costs in his study of New England water
utilities. The water systems in 79 Ohio cities having over 5,000 people
were investigated by Cosgrove and Hushak (1972). Declining average unit
cost curves were reported with significant cost reductions available in
cities with more than 50,000 people. Hines (1969) regressed average unit
cost on adjusted plant investment for water services in selected Wisconsin
communities. Since adjusted plant investment and output were positively
cokrelated, Hines suggested that the inverse relationship observed between
average unit costs and plant investment revealed economies of size. Kitchen
(1977) estimated a U-shaped average operating cost function for water
services with data from 49 Canadian cities with populations in excess

of 10,000.

Studies of rural water systems include 1) an investigation by
Johnson and Hobgood {1973) of 62 Louisiana systems, 2) an investigation
of 57 Oklahoma systems by Sloggett and Badger (1974), and 3) an economic
engineering study by Moberg (1976). These studies are limited by their
use of number of users or density of users as the only output measure.

A complicating factor in studying technical efficiencies in water
supply services, as the descriptive characteristics suggest, is that the
density of users may have an effect on operating costs and economies of
size. As densities become lower, for example, variable delivery costs
could increase as the service is provided over a Targer area. This
aspect of water services becomes critical for rural systems where Tow
user density is the norm. Using an economic engineering approach,
Moberg (1976) observed rural water system pre-connection "support costs"
to rise as the number of connections decreased. Daugherty and Jansma
(1973) found the number of users positively affected municipal water
service average unit operating costs. Neither study approached the
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spatial issue directly by adjusting users for the area served. The number
of users may place direct upward pressure on the customer cost portion of
per unit operating costs by requiring more outlays for activities like
meter reading, operation and maintenance and administrative overhead.

In addition, however, the spatial distribution of the users may also impact
operating costs as the service is provided at varying densities. Lower
densities are expected to place upward pressure on operating costs.

An aspect related to the number of users is the type of users--
residential, commercial or industrial. Data Timitations prevented any
adjustments for type of user. For rural water service, however, residential
household water use dominates (Gessaman and Janovec, 1982).

The quality of water supply services is determined primarily by
the quality of treated water. The cost of treating raw water depends on
1) the initial quality of the raw water and 2) the quality of the potable
water produced. Surface water supplies, which have greater turbidity,
more objectionable tastes and/or odors and a higher bacterial count than
ground water, commonly yield Tower quality raw water than ground water
supplies (Cosgrove and Hushak, 1972). Accordingly, the source of supply

has been found to have an important bearing on operating costs. Specifically,

Kitchen (1977) found operating costs to be $33 more per million gallons when
surface supplies, rather than ground water supplies, were used. Thus, the
lower the quality of raw water, the higher the average unit operating costs,
other things equal.

The purchase of either raw or treated water from another system
would be expected to have a positive influence on costs if the seller
followed a cost plus pricing policy. Kitchen (1977) found average operating
costs were increased $124 per million gallons, on average, when water was

purchased.

Other service conditions that affect operating costs are the weather
and the topography in the service area. Cold weather will likely increase
maintenance outlays, while extreme differences in elevation between source
of supply and users will increase collection or pumpage outlays and possibly
‘storage and distribution outlays.
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The method of water distribution should have significant effects
on operating costs. A gravity system is expected to experience considerable
savings over a pump or pneumatic pressure system. None of the systems in
the sample of 45 cases used pump systems. The degree of plant capacity
utilization by-a system is also expected to affect average unit costs.
If capacity is defined as the most efficient level of output, operating
above or below this level can be expected to increase per unit costs.
Unfoktunate]y, a measure of capacity utilization was not available for
IT1inois rural water systems studied. However, discussions with Farmers
Home Administration officials indicated that excess capacity was generally
not present in the systems studied and that the variation in capacity
utilization among sample systems would not be substantial. These
characteristics result from the financial restrictions faced by systems
at the time of construction and the associated design limitations.

Factor price levels are important in determining operating costs,
and wages are the most important factor price for water supply services.
Studies have reported that up to 60 percent of operating costs are outlays
for labor (Moberg, 1976, p. 15). About 25 percent of the average operating
costs for the sample of I11inois rural water systems were salary expenses.
Higher wages are, therefore, expected to result in higher per unit costs.

Finally, differences in technology and productivity among water
supply systems need to be considered. Because the advances in water
supply service technoloay have been relatively slow, little variation
in the level of technology among systems is expected (Hines, 1977).
A1l systems in I1linois use basica]Ty the same level of technology.

To the extent that productivity can be measured, more productive
systems can be expected to experience relatively lower operating unit
costs. One measure of productivity is the relationship between water
produced and water sold. Discrepancies between these amounts may reflect
either leakage in the distribution facilities or shortcomings in the
metering and billing procedures.
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Operating Cost Model and Data. To test the propositions about the
impacts of the above variables, including the quantity of water, on average
unit operating costs, the following generalized model was estimated.

AUC = f(QNTY, QNTYZ, USRS, TRTCST, PRCH, TOPO, CLMT, EFF, WAGE)

where:

AuC = average operating cost per million gallons (PMG) of
water per year,

QNTY = the gquantity of water supplied in million gallons per
year,

USRS = number of users or number of users per mile of pipe,

TRTCST = treatment costs PMG of water supplied in standardized
form,

PRCH = water purchased measured as a percent of water supplied,

TOPO =1 for rough topography, O otherwise,

CLMT = county average annual percentage of frost free days,

EFF = system efficiency measured as a ratio of water supplied
to water produced, and ‘

WAGE = salary outlays PMG of water supplied in standardized
form.

The data used to estimate the average unit operating cost model
were the sample of cases collected from water district records available
in the I11inois state office of the Farmers Home Administration. Average
operating cost per million galions of water (AUC) was measured by
subtracting debt payments from reported total operating costs and dividing
by the quantity of water supplied. Debt payments were excluded because
they more 1likely reflect the age of the system and initial financial
arrangements than the variable production costs associated with providing

water services.

The number of users (USRS) refers to the number of billing locations,
which is not necessarily the number of connections. Mobile home parks
present the most observed deviation. When park owners provide water
as part of space rent, parks are counted as one user even though the
number of households served is greater than one. Accordingly, USRS
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understates the number of households served but not by a significant
amount. To adjust for user density, in two of the equations USRS was
scaled by miles of pipeline available from the survey of I11inois’
rural water districts.

The amount of water a district purchases is reported only in dollar
terms reflecting both the per unit price and the quantity purchased.
Water purchases (PRCH) are measured by the percent of operating costs
(excluding debt) represented by outlays for purchased water.

To adjust for topographical differenzes a binary variable (TOPO) is
used. TOPO distinguishes between systems serving relatively flat areas
and systems whose areas have more relief. This is admittedly a crude
measure and is in need of additional refinement. The proportion of frost
free days in the county where a system (CLMT) is located is used to
account for variations in climatic conditions.

) Treatment costs (TRTCST) are measured on a per unit basis and
include the outlays for supplies and chemicals. Total salary outlays
were scaled by water supplied to measure WAGE. WAGE, therefore, ref]ecfs
both factor costs and labor use efficiency. These two variables were
standardized using the respective sample means and standard deviations.
TRTCST and WAGE as measured are used as surrogates for raw water quality
and labor factor cost differences. No direct measures of these variables
were available. Because treatment cost and salary outlays represent a
major contribution to operating costs, they were standardized for the
analysis. As such, they are used as proxies for explaining differences
in operating costs due to differences in raw water quality and wage
rates.2 The simple correlation coefficient matrix is presented in
Table 5.7 for the sample of 45 cases.

Statistical Cost Estimates. The general cost function was estimated

in linear form using OLS regression analysis (see Table 5.8). 1In general,
the model performed reasonably well, accounting for about 70 percent of
the variation in average operating costs. Equations 1 and 2 include a
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Table 5.8

Statistical Operating Cost Analysis of Illinois
Rural Water Systems?2

Variable Equation 1 Equation 2 Equation 3 Equation 4

QNTY -36.53 -37.49 -17.16 -8.94
(2.45)* (-2.54)% (1.21) (2.03)*

QNTY2 0.17 0.17 0.08 -—
(1.99)* (2.02)* (0.55)

USRS 1.41 1.45 - -
(2.29)* (2.37)*

USRS/PIPE MILES — _—- -33.88 -34.55

(2.51)* (2.99)*

TRTCST 436.81 438.39 459.28 462.90
(5.26)* (5.30)* (4.64)* (4.90)*

WAGE 559,37 560.19 324.75 316.09
(6.25)* (6.29)* (1.84)** (1.95)%*

EFF -21.65 -20.68 -17.77 -15.46
(3.17)* (3.10)* (2.02)** (1.84)**

TOPO -238.94 -293.41 -231.25 -
(1.36) (1.86)** (1.08)

CLMT -25.21 - - —
(0.72)

PRCH 9.10 9.19 2.57 -
(2.50)* (2.53)* (0.46)

Constant 5,233.17 3,871.71 4,381.18 4,024.93
(2.64)* (6.23)* (5.80)* (5.94)*

N 62 62 45 45

Adj R2 . 0.737 - 0.740 0.668 0.669

F 20.03* 22.67*% 13.64* 18.81%*

a. Numbers in parentheses are the absolute values of the t-ratios.

-* Significant at the 5% level.
** Significant at the 10% level.
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quadratic variable for QNTY and number of users (USRS). The significant

and oppositely signed coefficients for'QNTY and QNTY2 suggest a U-shaped
relationship between cost and output. The average operating cost declines
up to about 110 million gallons of potable water per year and then increases
with the quantity of water supplied per year. These results indicate that
per unit operating costs decline by about $3.50 as output goes from 100 to
101 million gallons per year, ceteris paribus. On the other hand, per

unit operating costs increase by about $3.30 as output increases to 121

from 120 million gallons per year. However, only two observations were

at or above 110 million gallons per year.

The coefficients on standardized treatment costs (TRTCST) and
standardized wages (WAGE) were positive and significantly related to
per unit operating costs as hypothesized. As water services became
more efficient because of either less water loss and/or reduced management
error, per unit operating costs were reduced. This is indicated by the
negative significant coefficient for EFF. The coefficient for the pro-
portion of frost free days (CLMT) in equation 1 was negative as expected.
However, it was not significant. Thus, CLMT was excluded from the other
equations. A more refined measure of climate is probably needed. The
coefficient on the proportion of water purchased (PRCH) was positive
and significantly related to operating costs in equations 1 and 2.

TOPO was significant at the 10 percent level in equation 2, but
had a sign opposite that expected. Because the southern part of I11inois
has generally rougher terrain, TOPO may be capturing both a cost reducing
climate factor as well as the cost increasing topographical factor. The
dominance of the climate factor may underlie the negative sign on the
coefficient for TOPO.3 The change in the size and significance of TOPO's
coefficient when CLMT is exc]gded in equation 2 supports this contention.

The positive significant coefficient on USRS in equations 1 and 2
indicates that an additional user adds about $1.40 to the operating costs
of providing one million gallons of water. While this finding is consistent
with Daugherty and Jansma (1973), no adjustment is made in this specification
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for the spatial dimension of water services. To investigate the
relationship between user density and average operating costs, the
cost model was estimated with USRS scaled to miles of pipeline. These
results are reported in equations 3 and 4.

The coefficient on USRS/PIPE MILES is negative as hypothesized and
significant at the five percent level. In general, for every additional
user per mile of pipe, average opefating costs declined by about $35 PMG
of water. As evident in equation 3, the scaling of USRS by the miles of
Tine reduced the size and significance of the coefficients on QNTY and
QNTY2. Also, the TOPO and PRCH's coefficient became insignificant (equation
3).

The inclusion of the spatial aspects of rural water services raises
questions about the U-shaped relationship between cost and output reported
in equations 1 and 2. When the quadratic variable for QNTY was excluded
from the model along with other variables shown to be not significant
(equation 4), no diseconomies of scale are evident over the size range
of ITlinois systems studied. The results of equation 4 indicate average
operating costs decline by about $9.00 for every additional one million
gallons of water provided. The analysis suggests that an additional
supply of four million gallons of water per year and a simultaneous
reduction in average user density of one user per mile of pipeline would
be approximately cost neutral in impact.

The estimated re]ationship between average operating costs and
quantity of water provided is presented in Figure 5.2 for alternative
user densities, i.e., 2, 5, 12.23 and 15 users per mile of pipeline.
The 12.23 users per mile of line is the average density for the 51
respondent rural water districts. The other densities were chosen to
demonstrate the shift in the operating cost function associated with
changing user densities. '

Implications. While a number of factors affect the unit operating

costs of rural water services, the providing organization has little
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control over some factors--e.g., prevailing wages, climate factors,
topography, raw water quality. Other cost related factors, however,
involve policy choices. An awareness of these factors and their relation-
snip to per unit operating costs is important if the appropriate cost
minimization approach is to be followed.

First, while the operating cost of providing rural water service
was initially estimated to be the iowest at an output of approximately
110 miTlion gallons per year, this relationship was not substantiated
after adjustments for spatial differences were made. Economies of size
in operating expenditures were present over the entire range of I1linois
systems studied when user density was accounted for. This suggests that
per unit operating costs may be reduced with larger scale systems,
perhaps through regional service provision. Second, the results indicate
that Tower user density, which is characteristic of larger systems, will
offset somewhat the scale effects associated with greater output.

Capital Cost Analysis

While the analysis of operating costs contributes to the under-
standing of one cost aspect of providing rural water services, some
additional information on rural water system capital requirements is
needed. With front-end construction grants from the federal government
now reduced and the interest rate on capital borrowed from the Farmers
Home Administration now closer to market rates, the annual costs of rural
water services, including debt service, which must be reflected in the
water charges levied against users, will be higher for newly constructed
systems, other things equal. This increases the pressure to keep both
the capital and operating outlays for rural water supply systems as
reasonable as possible. Capital cost information as a planning tool
plays an important role in achieving this objective.

Rural water systems are unique in theif design features, as well
as the use of materials and construction techniques. In most instances
where there are few users per mile, a two-inch diameter polyvinyl
chloride (PVC) water line is used rather than the six-inch line required
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in most urban design criteria. Also, storage tanks tend to be much
smaller for rural systems than for urban systems. Part of the
difference in design standards stems from the restriction of rural
systems to providing water only for domestic use. No fire flow
capacity, necessitating lines of six inches or more and greater
storage capacity, is engineered into systems serving users in the
open countryside (Moberg, 1976; Foster, 1974).

The main objective of this analysis is to present additional
evidence on the capital costs of selected items used in rural water
systems. This information could be used to help develop initial capital
budgets. It also could be utilized in optimization models aimed at
least cost design.4 Capital costs are defined as any expenditure involved
in completing construction of systems including material, labor, interest
and professional services. Items included are ground and elevated steel
storage tanks, the major components of the pipeline system, the distribution
network and the treatment p]ant; Cost data analyzed account for 90 percent
of the initial capital costs of water treatment and distribution systems
providing farm and nonfarm users in the open countryside domestic water
service in Il1linois.

Limited, current data are available concerning the capital cost of
rural water distribution systems and information for urban systems are not
uniformly applicable to the rural design setting. Some arithmetic mean
cost data for items commonly used in rural water systems are presented in
Goodwin, Doeksen and Nelson (1979), in Kuehn, Fessehaye, Braschler and
McGi1l (1980), and in Nelson and Mostafavi (1981). Cost estimates for
installed components of a rural water distribution system are reported by
Whitlatch and Asplund (1981), who derive costs statistically using
regression analysis. Earlier information is available in Stoltenberg (1969)
and Linaweaver and Clark (1964).

There is some evidence that cost estimates for rural water systems,
including capital costs, are not readily transferrable among areas. For
example, treatment and storage facilities for a typical rural water system
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of 200 hookups was found to be 25 percent Targer in northern Missouri
and 53 percent larger in Oklahoma than in the Missouri Ozarks. Distri-
bution system capita] costs were also found to vary among these three
areas (Kuehn and Nelson, 1981).

Analytical Approach. The data for the analysis of capital costs

from ITlinois rural water systems were obtained from 180 bid tabulations

of construction projects awarded during the period 1970 to 1981 in Il1linois.
The projects undertaken were for the creation and/or expansion and improve-
ment of rural water distribution systems. Four different contract types
were identified for classification of rural water system construction.

They are: 1) pipeline and distribution network, 2) water storage facility,
3) water treatment facility, and 4) well installation. This analysis
statistically addresses the capital costs of the first three aspects of
rural water system construction. The available data on well installation
costs were insufficient to permit statistical analysis.

The type of information contained in each bid tabulation varies
among projects, although the basic items are essentially similar. The
pipeline and distribution network contracts contain data on pipes, valves,
pipeline, stream, highway and railroad crossings, pressure reducing valves,
hydrants and meters. In addition, some pipeline and distribution contracts
include miscellaneous services such as rock excavation, sand back fill,
leak meters and bumping stations. As no consistent set of data is available
on these latter items (these expenses are pecuTiar to the location of the
system and are a function of terrain and topography), they are not considered
for empirical modelling.

The components of the pipeline and distribution network included
are 2 inch, 3 inch, 4 inch, 6 inch, 8 inch, and 10 inch pipelines. They
represent 90 percent of the total cost of the distribution network. The
water storage féci]ity contracts provide the complete construction cost
of an elevated or ground storage tank, from site preparation and foundation
to fabrication, erection, and painting. Data on both ground and elevated
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storage tanks were used. Stand pipes and pneumatic or pressurized type
storage facilities were not included due to the lack of an adequate number

of observations.

Finally, water treatment facility contracts were used for data on

construction costs of water treatment plants. Treatment plants are commonly

sized in gallons per minute (gpm). This information, however, was not
reported in most cases. The storage capacity of the water system in
gallons was used as a proxy measure for treatment plant size. It must

be noted that not all bid tabulations included data on each item and

some contracts had multiple observations for a particular type of component.

The bid data spans a 12 year period. The Handy-Whitman Index of
water utility construction cost for the north central region was used to
adjust all cost figures to 1981 price levels (Whitman, Requandt and
Associates, 1981). The suitability of the Handy-Whitman Index was verified
by comparing the unit costs for the different components over the 12 year
period\with the relevant indices. The respective indices adequately
reflected the cost trends in the data. The particular Handy-Whitman Index
used is presented in the right hand column in Table 5.9. Also presented
in Table 5.9 are the descriptive characteristics of the construction bid
data.

The individual components of the distribution network are fixed in
pipe dimension but aggregated over type of pipe material (e.g., a 4 inch
pipe could be composed of asbestos-cement, cast-iron or PVC). This is
felt to be more appropriate for rural water system design since more is
1ikely to be known about pipe dimensions needed to build a particular
distribution system than the quality or thickness of pipes. Also, the
unit cost of components varies more with size than with quality or material
of pipes. The Index used to deflate the pipe cost data was an average of

all main components.

Statistical Analysis. Regression analyses relating the adjusted
cost of components to size was conducted. Size is the amount of component
in the bid (e.g., 10,000 feet of 2 inch pipe).
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The different specifications of the regression model tested are:

COST = ag + ay SIZE + e (1)

COST = bg + by SIZE + by SIZE2 + by SIZE3 + e (2)

COST = ¢ + Cq LNSIZE + e3 (3)

LNCOST = dg + dl LNSIZE + eq (4)
where

COST = adjusted cost of component in $1,000,

SIZE = size of component in 1,000 feet or 1,000 gallons,

SIZE2 = (SIZE)?, |

SIZE3 = (SIZE)3,

LNCOST = natural logarithm of cost, and
LNSIZE = natural logarithm of size.

Models (1), (3), and (4) form a subset of the group of models
considered by Whitlatch and Asplund (1981). Model (2) tests for the
presence of economies of scale using quadratic and cubic size variables.
To select the model best fitting the data on cost and component size the
coefficient of determination (R2, adjusted for degrees of freedom), the
t-ratios of the individual regression coefficients, and the pattern of
residuals were considered.

The coefficient of determination, RZ, adjusted for the degrees of
freedom measures the percentage of variation i the dependent variable
explained by the independent variables. Because the dependent variable

is not the same for all models, the RZ alone is not a sufficient statistic.

The t-ratio for individual coefficients and the pattern of the residuals
were used in determining if any of the basic assumptions of the ordinary
least squares regression technique were violated. The models reported
were "best" in terms of these criteria.

A number of rural water system components do not have a size
dimension or the size factor was not available in the I1linois bid
contracts, e.g., hydrants, gate valves, well installation, meters and
building construction. The bids on these items reported per unit costs
but generally not the number of units. Table 5.10 1ists statistics from
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the bids on a number of these components. As with the components

variable in size, the bid costs were adjusted to 1981 price levels using
the appropriate Handy-Whitman Index. These indices are listed in the last
column in this table. As an example, 52 hydrant bids were available in
the I1linois construction bid data.. The average cost per hydrant ranged
from $363.20 to $1,431.98 with a mean of $858.66. Similarly, the meters
averaged $6,483.67 while the well installation bid mean was $30,528.17.

Table 5.11 presents the best empirical estimates of the capital
cost regression models. The logarithmic model was selected for all pipe
sizes except the 2 inch pipe for which the cubic equation was selected.
The pipe models suggest some decline in the rate of increase in pipe costs
with an increase in bid size. This indicates a reduction in average
cost. The elevated storage tank model also suggests a reduction in average
cost as size increases.

~Ground storage tanks, the distribution network, and treatment plant
bid costs are linearly related to size, indicating no cost reduction per
unit for Targer sizes. These findings, however, are somewhat inconsistent
with results reported by Whitlatch and Asplund (1981) in their analysis
of rural water systems in Ohio. They reported some economies of scale
for ground storage tanks and the distribution network for the range in
tanks and networks studied.

A Timitation of the models reported in Table 5.11 is that they are
valid only for the range of the data recorded in Table 5.9. Thus, the
equations should be used only with caution to obtain capital cost infor-
mation beyond the original data ranges. As indicated by the reported
adjusted st, size explains more of the variation in some rural water
system components than others. Other factors that could affect construction
bids include site specific characteristics such as topography or soil
conditions and Tocation. Data on these factors are difficult to obtain,
and measurement problems are also common. However, the RZs in all but
three equations approach or exceed 0.90 suggesting a major portion of
the variation in bid costs is explained by the size variable(s).

[SeS—)
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In spite of these Timitations, the study and use of capital cost
information, Tike that developed here, along with other data, can help
provide rural water services to farmers and other residents of the open
countryside at least cost. This is particularly important in light of
the redirection in federal policies that places more of the costs of new
rural water service systems on users.

SUMMARY

This chapter has presented the general characteristics of the
rural water systems serving farm and nonfarm rural customers in ITlinois.
In general, the systems are small relative to urban water supply systems
whether measured by number of customers or volume of output. Also, the
districts are characterized by low user density with over half reporting
less than 10 users per mile with an overall mean density of 5.6. Ground
and surface water sources were used about equally for supplies of raw
water dand 84 percent of the rural systems reported buying water from some
supplier.

‘Low user density systems are characterized by relatively more
customers and more miles of pipeline than systems with higher densities.
The average monthly per user outlay by the rural water systems in ITlinois
was about $16.00 in 1980 with about 40 percent being for debt service.

In general the more dense systems and those with a larger volume of output
had lower average per user and average per million gallons of water costs
suggesting technical efficiencies in the provision of rural water services.

The operating cost analysis and capital cost analyses affirmed the
inverse relationship between per unit costs and size. The former analysis
suggested average operating costs decline by about $9.00 (1978 dollars) for
every additional one million gallons of water provided. However, an
additional supply of four million gallons of water per year and a
simultaneous reduction in average user density of one customer per mile
of pipeline would be approximately cost neutral in impact. Scale economies
were identified for construction bids for water lines and elevated storage

(RO
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tanks which would further reduce the average total cost of water for large
rural systems.

Because of the~redirection of federal policies, more of the costs of
rural water services will be placed on the users of the service. The results
of the analysis presented in this chapter should contribute to the provision
of rural water services as efficiently as possible.
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Footnotes

The benefits of quality potable water may include benefits in addition
to those captured by individual users. For example, adequate water
systems are often considered threshold necessities if a community is
to attract industry. The benefits of economic growth may be viewed as
public in nature extending beyond the individual user of the water
service (Sigurdson, 1982). Financing the water service using only
user fees may result in the underprovision of water service in a
Pareto sense. Some evidence is available suggesting, however, that

in the case of population growth, growth precedes the provision of
higher levels of water services, not vice versa (Stam, 1974).

TRTCST and WAGE were standardized using %ﬁ = (%- u)/oc where % and

%s are the vectors of observations and standardized observations for
the respective variables. u is the mean and o the standard deviation
of the vector X. It is conceivable that the standardized TRTCST and
WAGE also inc]ﬁde scale effects and other factors such as operating
efficiency. To investigate the existence of such effects, the cost
function could be specified as a system of simultaneous equations.
However, the correlation matrix does not strongly support the need
for such a specification.

Other functional forms such as logarithmic and semi-logarithmic were
fitted to the operating cost data. The linear form yielded the best
fit and is reported here. The simple correlation coefficient for

TOPO and CLMT with the full sample was .43. Similarly, the coefficient
between QNTY and USRS was .75. However, estimates of equations 1 and

2 excluding USRS differed 1ittle from those reported suggesting multi-
collinearity is not a major problem. When QNTY2 was added as reported
in equation 1, the coefficient on USRS increased in both size and
significance.

A linear programming model can be cited as a simple example. The
objective function is the total capital cost which comprises of water
production and storage, water treatment, and the distribution network.
The capital cost analysis provides an approach to estimate the coeffi-
cients required in the optimization model.
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CHAPTER 6
RURAL WATER DISTRICT USERS

AND WATER DEMAND

Water has become an economic good. The technology is now available
to provide potable water in large volume to urban centers and on demand
to scattered farms and rural residences in the open countryside. It is
a matter of economics and a question of how much users are willing to
pay for the desired quality of water at any given location. In this
chapter the relationship between quantity of water purchased by households
served by rural water systems and price is analyzed. Water prices are
organized and levied through block rate schedules. The rationale for
these pricing schemes and their application by I1linois rural water
districts is discussed in the first part of the chapter. Following this
the characteristics of a random sample of I11inois rural water district
users are presented. The last section presents information on water
consumption and the demand for rural water services.

The descriptions and analyses in this chapter build on the general
notion of block rate pricing schemes for natural monopolies (1ike water
supply services) and present detailed descriptions of rural water system
users, their water consumption and their water expenditures. From a policy
perspective, it is important to understand who the users of rural water
services are and something about their water consumption behavior.

The data for these analyses comes in part from the mail survey
completed by 86 percent of I1linois' rural water districts which had
been financed, at Teast partially, by the Farmers Home Administration.
Water rate schedules were reported by responding districts. Information
on the users of rural water systems was obtained from a stratified
random sample of households served by rural water districts in IT1linois.
Through a telephone interview, surveys were completed on 100 randomly
selected users. The interview data was matched with monthly water
consumption and expenditures for 1982 obtained from the users'

e
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ledgers recorded by the respective districts. The sampling procedure
and interview instrument are provided in the Appendix along with the
mail survey completed by water districts. The interviews were conducted
in the spring of 1983.

WATER RATES

Water services are generally priced following a two-part pricing
system. This simply means that the total price charged customers is
made up of a part independent of the quantity of water used and another
part directly related to demand. The first part is a service or minimum
charge and the second is a price per unit. More often several ranges of
quantity are established with the per unit price declining in each sub-
sequent quantity range or block. Presumably the declining rates reflect
declining costs of providing water. This pricing structure is associated
with most utility enterprises where, because of large fixed costs, the
systems operate at output Tevels where marginal cost is below average
cost so the receipts from marginal-cost pricing would not cover all
costs and thus the systems would operate at deficit (Hanke, 1972).

Emphasis on securing adequate revenues to meet the total cost of
water systems have led to the adoption of average-cost, not marginal-cost,
as the driving force in water rate schedules. This basis for pricing
water is argued to be more consistent with the “readiness to serve" and
the "going concern" philosophies of utility services. However, the
benefits of marginal cost pricing can be realized, in part, through the
block rate system, which by its character permits charging Tow prices
for marginal units and making up the deficit by charging higher prices
for premarginal units (Afifi and Bassie, 1969, pp. 79-88).

The first charge in the block rate pricing system is looked to
as serving several purposes: 1) to cover at least part of the fixed
costs of the water plant and distribution system, 2) to provide a stable
revenue flow and 3) to cover the customer costs of meter reading,
billing, etc. The second charge is related to the cost of providing
additional water.
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The initial charge may be either a service charge or a minimum
charge. The minimum charge is the most common approach and is used by
all of I11inois' rural water systems. The major difference between the
service and minimum charge is that with the minimum charge the customer
is entitled to a fixed minimum quantity of water whether or not it is
consumed. About 58 percent of the rural water systems in I1linois provide
1,000 gallons with the minimum charge per month and have a mean monthly
minimum charge of $9.76. These districts' minimums ranged from $6.00 to
$15.00 per month. |

A typical rural water district rate schedule is:

minimum charge  $8.50/month for 1,000 gallons

next 4,000 gallons at $3.15 per 1,000 gallons
next 5,000 gallons at $2.25 per 1,000 gallons
next 10,000 gallons at $1.75 per 1,000 gallons

all use over 20,000 gallons at $1.55 per 1,000 gallons

About 30 percent of the rural systems in I1linois provided 2,000 gallons
per month with the minimum charge. Other first blocks reported were
1,500 gallons, 3,000 gallons and 4,000 gallons.

The number of blocks ranged from two to seveh. About 22 percent
of the rural I11inois districts used a two block schedule, 13 percent a
three block schedule, 29 percent a four block schedule, and 33 percent
a five block schedule. Figure 6.1 graphically presents three example
block rate pricing schemes reported by I1linois rural water systems.
The minimum charges for the three example rate schedules are $12.00,
$8.50, and $7.00 with the first two entitling users to 1,000 gallons
of water per month and the latter schedule entitling users to 2,000
gallons. The second blocks for these schedules are 2,000 gallons, 4,000
gallons, and 1,000 gallons respectively.

About one fourth of the rural system rate schedules reported had

a 4,000 gallon second block and one fourth had a 1,000 gallon second block.

The average rate for the second block for systems entitling 1,000 gallons
with the minimum charge was $3.78 per 1,000 gallons. For all systems
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reporting, the average rate for the second block was $3.70 per 1,000
gallons of water. From a user's perspective, tne rate schedule
traces the water supply faced in making consumption choices. For
example, considering the first schedule in Figure 6.1, if a consumer
were to purchase 4,500 gallons of water, the marginal charge or price
for the last 1,000 gallons is $4.50. By choosing to consume 5,500
gallons rather than 4,500, the marginal price declines to $4.00 per
1,000 gailons. In general, the two-part pricing structure results in
lower marginal and average prices as water use increases.

For the 27 rural water systems in I11linois with a thousand
gallons of water associated with the minimum charge, the average price
per 1,000 gallons is presented in Table 6.1 for monthly consumption
levels of 1,000, 2,000, 4,000, 6,000, and 8,000 gallons. For the 27
districts in this sample, the average price per 1,000 gallons declines
from $10.24 to $4.05. As the minimum charge is spread over more gallons,

Table 6.1

Average Price Per 1,000 Gallons of Water
by Number of Users in District*

Number of Average Average Price Per 1,000 Gallons For Ngmbe( of
Customers Minimum 5 400 gal. 4,000 Gal. 6,000 Gal. 8,000 Gal. DiStricts
Charge
Less than 199 §$7.65 $5.77 $4.45 $3.59 $3.23 6
200-399 10.77 7.73 . 5.32 4.56 4.17 14
400-799 10.83 7.76 6.55 6.06 5.80 3
800 and More 10.13: 6.60 4,84 4.00 3.57 4
Full Sample 10.24 7.13 5.19 4.43 4.05 27

~* Average for 27 districts with 1,000 gallon minimums.

the reduction in the average per unit price becomes smaller. Average prices
are also presented by size of water district measured by number of users.
Except for the 800 and more category, average per unit price increases as



——

97

the number of customers increases. For example, for 4,000 gallons, the
average price increases from $4.45 pér thousand gallons for systems with
‘less than 200 customers to $6.55 for systems with between 400 and 800
customers and then declines to $4.84 for the larger systems. A major
factor in this pricing characteristic is the higher minimum average

charge reported by the systems with more customers. However, the small
number of observations for the larger districts suggests some caution

needs to be exercised in generalizing this tendency. One possible
explanation for this tendency is that larger systems have greater fixed
plant and distribution system costs that are imbedded in debt service
requirements and independent of the quantity of water sold. The principal
and interest payments require higher minimum charges and thus higher
average per unit prices through the rate schedule to meet these obligations.
This is consistent with the descriptive evidence on debt service expenditures
presented in Chapter 5.

CUSTOMER CHARACTERISTICS

In general, the average I1linois rural water district user
would likely be a nonfarm rural resident, report a 1982 income of about
$17,000, be 49 years of age, be a household containing 3 or 4 persons,
consume 4.64 thousand gallons of water in an average month at an average
price of $5.77 per 1,000 gallons and pay a water bill of $20.47 per month,
on average. These user characteristics are reported in Table 6.2. Only
about 22 percent of the users reported their occupation as farmers.

The characteristics of farm users vary somewhat from those of
nonfarm users. As reported in Table 6.2 farm users reported a Tower
average 1982 income, a higher mean age, a larger household size, more
water consumption, higher average water bills, and thus not surprisingly,
Tower average water prices for a thousand gallons of water than their
nonfarm counterparts.

While nonfarm users consumed an average of 4.29 thousand
gallons per month in 1982, farm users recorded average monthly
consumption rates of 5.91 thousand gallons. Nonfarm users reported
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Table 6.2

Water District Usersd

Characteristic Mean Standard Deviation Minimum Maximum
Full Sample

Income $16,958* - - ---
Age 49 16.27 22 82
Household Size 3.23 2.32 1 10
Water Consumption 4.64 3.76 .18 27.92
(1,000 gal. per month)
Water Bill $20.47 $10.79 $7.00 $72.84
($ per month)
Average Price $5.77 $4.60 $1.41 $39.60
($ per 1,000 gal.)

Farm Residents
Income $14,861* -— - -—
Age 53 16.32 24 79
Household Size 3.41 1.65 1 7
Water Consumption 5.91 6.61 .85 27.92
(1,000 gal. per month)
Water Bill $22.93 $16.29 $9.75 $72.84
($ per month)
Average Price $5.32 $2.75 $2.33 $12.52
($ per 1,000 gal.)

Nonfarm Residents
Income $17,538* - - ---
Age 48 16.24 22 82
Household Size 3.18 2.48 1 10
Water Consumption 4.29 2.42 .18 10.67
(1,000 gal. per month)
Water Bill $19.77 8.63 $7.00 $38.60
($ per month)
Average Price $5.89 $5.00 $1.41 $39.60

($ per 1,000 gal.)

[o7]

*

N = random sample of 100 users.

Estimated from reported income categories.
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an average age of 48 years compared to 53 years for farm users.
Nonfarm users' 1982 average income was about 18 percent greater
than the mean annual income reported by farm users (i.e., $17,538
vs. $14,861).

Figure 6.2 presents details on the distribution of I11inois rural
water district users by income and average monthly water consumption.
The customers exhibit a bimodal income distribution with 30 percent-
reporting over $30,000 income in 1982 and 24 percent reporting 1982
incomes of under $10,000. The relatively large number of retired
users acounts, in part, for this distribution. About 18 percent
of the users in the sample indicated they were retired.

Average water consumption also exhibits a bimodal distribution
with consumption clustered around 1 to 3 thousand gallons per month and
5 to 10 thousand gallons per month. About one third of the users
recorded water consumption in each of these ranges with 20 percent
consuming, on average, 3 to 5 thousand gallons per month.

Tables 6.3, 6.4, and 6.5 present descriptive characteristics of
I11inois rural water system users broken down by household income,
average monthly water consumption, and average monthly expenditure for
water services, respectively. In general, users with higher incomes
had higher average water bills. Those with less than $10,000 reported
income had 1982 average water bills of $18.19 per month while users
reporting incomes of $30,000 and more spent $22.18 per month for water.
Consistent with the character of block rate price schedules, the average
price per thousand gallons of water was highest for the low income,

Tow water consuming users and lowest for the high-income, high water
consuming users.

The high average age (63 years) for customers reporting less than
$10,000 1982 income is consistent with the large number of users
reported to be retired. Retirement incomes are generally lower than the

incomes of working individuals. Interestingly, the modal income categories

of nonfarm users are less than $10,000 and $30,000 and over. Twenty-six
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percent of the nonfarm users reported incomes in the former category
while 32.3 percent reported incomes in the Tatter. The modal income
categories for farm users were $10,000-$14,999 (27.8 percent) and
$30,000 and over (22.2 percent). About 17 percent of the farm users
reported 1982 incomes below $10,000.

The characteristics of rural water district users broken down ‘
by monthly water consumption in Table 6.4 suggest farm users have somewhat
higher consumption rates than nonfarm users. About 41 percent of the
farm users recorded average monthly water consumption of more than five
thousand gallons. Thirty-four percent of the nonfarm users recorded
consumption in these categories. However, 13.6 percent of the farm users
had consumption rates above 10 thousand gallons per month but only 2.6
percent of the nonfarm users were in this range. Livestock watering
could account for these differences, however, few farm users indicated
they relied on water from rural systems for livestock.

The average price for 1,000 gallons of water declined continuously
across the water consumption categories again reflecting the structure of
the block rate schedules. The average price for users buying over
10,000 gallons per month was about one fifth the average price paid by
users buying 1,000 gallons or less. The $15.32 average price for the
lowest consumption category reflects the minimum charges of the two
part pricing system. The mean age of users recording the lowest water
consumption rates was 64 years while the mean age of users purchasing
10,000 or more gallons per month was about ‘half this at 36 years.

The relationship between household size and monthly water consumption
and expenditures for rural water services is evidenced in Tables 6.4 and
6.5, respectively. Households with more people have higher consumption
rates and higher average water bills. On a per person basis, small
households paid $4.20 per month, on average, for rural water services
while the larger households spending over $20.00 per month, on average,
paid over $7.00 per person for water services. As reported in Table 6.4,

[
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48.1 percent of the nonfarm users had water bills averaging more

than $20 per month, while 36.4 percent of the farm users were

recorded in this category. The association between customer age and
low water consumption rates and water bills is also evidenced in Table
6.5. The average age of users averaging $10.00 and under per month
for water service was 65 years. The mean outlay for this group was
$8.41 per month compared to $29.51 for users in the above $20.00

per month category whose average age was 43 years.

WATER CONSUMPTION

The user characteristic descriptions provide evidence that
average monthly rural water service consumption is positively influenced
by household income, number of persons in the household, and a farm
occupation. Concomitantly, because of the block rate pricing schedule,
increased consumption caused the average {and marginal) per unit water
price paid by customers to decline as more water was purchased.

Residential water use is also seasonal across months and cyclical
within a normal day. Evidence exists that the peak hours of use for
urban residential customers are between nine and ten in the morning
and between seven and eight in the evening. Residential water demand
is also higher in the summer months than at other times of the year.

A major contributor to the seasonality is the increased demand for
outdoor use during the summer months. This includes lawn sprinkling,
vegetable and flower garden irrigation, car washing, etc. Although,
in-household water demand is also stronger in the hotter, more arid
summer season {Wolff, et al., 1966).

The variation in water demand within a day and seasonally at
any given price causes peak-load problems. Because of peak-Toad
demands, the determination of appropriate prices and the sizing of
initial water system capacity is more complex than when the quantity
of water demanded is uniform over time. Sizing systems to meet peak-
Toad results in higher fixed costs and higher revenue needs to cover

bt
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these costs. Rate structures are concomitantly set to generate total
earnings sufficient to cover costs. To help sustain the capacity to
meet peak demands, peak-load consumption is encouraged by using uniform
pricing systems in which peak and off-peak rates are equal. Hanke (1972)
argues that a uniform water pricing policy, in the face of the peak-load
problem, results in inefficient resource allocation and an involuntary
subsidy to the peak users by the off-peak users. Pricing policies may
be improved by varying prices among periods in the consumption cycle
and, in addition, by increasfng prices as one moves further from the
water system's center--assuming marginal costs increase as distance

from the center increases (Hanke, 1972, p. 292).

The cost analysis in Chapter 5 provides some evidence that costs
of rural water systems do increase with distance, particularly as user
density declines. Administrative costs, however, may inhibit the imple-
mentation of variable pricing policies in rural water systems. The size
and operational simplicity of the ITlinois rural water districts may
result in administrative costs for complex pricing policies to adjust
for time and distance factors that outweigh associated benefits.

Monthly Consumption. Information from the records of the

sample districts on average monthly water use is detailed in Figure 6.3
for 1982. From October through April consumption is reasonably stable at
between 4.5 and 4.8 thousand galions per month. The Tow consumption
month is December with an average of 4.5 thousand gallons. Consumption
during the months of May through September averaged over 5,000 gallons
per month with maximum consumption occurring during the dry month of
August at 5.8 thousand gallons.

While there is some seasonality in the water use patterns of
rural water district users in ITlinois, the variation is not as great as
might be expected. Consumption in the peak month was about 29 percent
above consumption in December, the lowest use month. The ratio of average
summer use (May through September) to average winter use for rural water
service consumption in 1982 was 1.15. This is contrasted with a mean -
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ratio of 2.2 reported in a study of ten urban areas in the western
sections of the U.S. (Wolff, et al., 1966). The peak-load problem
faced by rural water systems in ITlinois is not of the magnitude that
may exist in other more arid regions or in urban areas where commercial
water demand exacerbates peak-loads.

Seasonal variation in water -use by farm users is less.systematic
than that of nonfarm users. In comparing the average monthly consumption
information presented in Figures 6.4 and 6.5, the variation in consumption
patterns is evident. Because nonfarm customers are dominant among rural
water district users, their seasonal pattern of consumption presented in
Figure 6.4, essentially mirrors the entire sample. A noticeable difference
is in the amount of average monthly consumption, not in use variation.

In August nonfarm users consumed 5.4 thousand gallons, on average, per
household. The ratio of summer use to winter use for nonfarm users in
1982 was slightly above that for the whole sample at 1.18.

In addition to exhibiting a less systematic seasonal variation in
water use than nonfarm customers, farm customers averaged more water use
in each month in 1982 than nonfarm users (Figure 6.5). Interestingly,
while August was the peak water using month for both types of users, April
was the month nonfarm users used the least water, on average, while December
was when farmers purchased the lowest gallonage. For farmers April was
the third highest water use month. The summer/winter use ratio for farmers
at 1.06 was 11 percent less than the nonfarm use ratio. This indicates
that peak-ioad problems of rural water service demand may be more a result
of nonfarm user seasonal behavior than the variation in the seasonal demand
of farm users.

It is generally believed that the demand for residential water is
relatively price inelastic (Hanke, 1972). One reason for this inelasticity
is that the water bill of users is a relatively small portion of household
expenditures so consumers are not very price responsive in their consumption
behavior. Also, because of household technology, fewer and fewer water
consumption decisions are now totally discretionary, at Teast in the short

run.



108

e RSN S T — PSS S ——— oy [P [ S

e b ¢y
LY

v gy vy

1°S ; 0°G
v°g £°q

2861 €43S[] WURJUON 4od uoLydunsuo) ALYIUon abvuaAy

g9 a4nbLd

£y

v

Suo| ey 40 Spuesnoyj

o S ——




109

09

19 ¢'9

G 9

9°'9 8°9

1°L

6°§

8°9

6°9

2961 €48sSN Waeq 434 uoildunsuo) A{yijuow sbeusny

G'9 dunbiy

L°§

LS

suo| |egy 40 spueshoyj



110

To provide some information on the validity of consumers' knowledge
about the amount of water purchased and monthly water expenditures, users
were asked what they thought their average consumption was in the summer
months of calendar year 1982 and the winter months of 1982. Users were
also asked to give their estimate of their average monthly water bill for
these two periods.

User perceptions on water use and expenditures are presented in
Table 6.6 along with actual average'month1y use and expenditures. The
information is also broken down by average monthly expenditure categories.
For the full sampTe perceived summer consumption was 5.15 thousand gallons
per month and actual consumption was 5.57 thousand gallons. Comparable
figures for the winter period were 4.18 and 4.80. In general, there was
tendency to underestimate water use. The users' perception of their
winter monthly water bill was very close to actual average winter bills.
For the summer period, customers overestimated average monthly outlays
but by only $1.56 ($23.40 vs. $21.84).

Users with larger actual monthly water service expenditures.
tended to report consumption and expenditure perceptions that were
closer to their actual behavior than did customers with lower monthly
water bills. Users with average monthly water bills of $10.00 or less
reported, for example, summer consumption of 6 thousand gallons per
month when their actual summer consumption averaged 2.41 thousand
gallons. The perception of their summer bill was almost double actual
average monthly expenditures ($16 vs. $8.38) for 1982.

In contrast, users with average monthly water bills exceeding
$20 in 1982 underestimated their average summer consumption by only 360
gallons and their average monthly outlay for water by only $1.05. These
users were equally as accurate regarding winter water purchases.

The comparison of perceptions and actual water consuming behavior
suggests that for users with Tow actual monthly water bills, there
is not a very accurate understanding of their behavior. On the other

[SR——
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hand, users with Targer monthly outlays, where water costs are possibly

a larger proportion of monthly household income, have a more accurate
understanding of their behavior. This suggests that the demand for
water services may be somewhat more elastic for customers with higher
monthly average water bills than for customers with lower monthly average
water bills based largely on the accuracy of the information on water
consumption held by the different classes of users.

The observed variation in the difference between perceived and
actual consumer behavior is logical. Knowing more about water use and
monthly expenditures is of Tittle value to users who pay the minimum
charge. Most rural water district users with monthly outlays of $10.00
or less are billed the minimum charge which by definition is not a
function of the quantity of water consumed. More accurate information
would not assist these users in reducing their monthly water expenditures
by changing their behavior. Consequently, they know less about the parti-
culars of the amount of water they use and what they pay for water.

WATER DEMAND

If the demand for rural water services were totally inelastic,
the analysis of this demand for pricing policy and other purposes would
be somewhat irrelevant since price would then not affect the rate at
which water is consumed. The demand for water for residential household
use, however, is not totally inelastic. Therefore, understanding the
relationship between price and quantity is important for policies internal
to the management of rural water systems and for the public policies of
the federal and state governments. This latter policy aspect is most
critical in the 1980s as federal subsidies for rural water service are
not as readily available as in past years. This policy change will
increase, on average, the price of rural water service available from
new systems. An understanding of the price impact on water purchases
will be useful in evaluating capital investments in plant and distribution
systems. Demand analysis can also be used to estimate consumer surplus
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for rural water services for use in determining project feasibility
and evaluating rate or pricing schedules (Sigurdson, 1982).

Early studies of water demand focused on urban residential demand
and were based on a requirements concept. This concept assumed that the
price elasticity of demand is zero, that the impact of price changes on
the quantity of water demanded is negligible and that population and
industrialization determined the quantity required (Hanke, 1972, p. 295;
Foster and Beattie, 1979).

The assumption implicit in the requirements concept is that the
relevant economic variables of price and income had no impact on the
quantity of water demanded in an area or by a household. This assumption
is no longer considered appropriate. Most of the more recent studies
of urban residential water demand depart from the requirements concept
(see Foster and Beattie, 1979). However, little research on the demand
for rural water services is available. The survey of I1linois rural
water district users provided household characteristic data that
when matched to household consumption and water expenditure information
provided the data needed to estimate a demand funttion for I1linois
rural water services.

Demand Model

The neoclassical theory of consumer behavior indicates four
principal determinants. of quantity demanded: 1) the price of the good,
2) prices of related goods, 3) income, and 4) preferences and tastes.
Considering these factors the following model is hypothesized as representing
the demand for rural water service:

Q = f(PRI, INC, NUM, RES, BATH, DISH) (1)
where:

quantity of water demanded per customer household (average
per month in 1982 in thousands of gallons),

o
n

PRI = average price per 1,000 gallons (12 month average price per
thousand gallons for 1982),
INC = 1982 household income (dollars per year),
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NUM = number of persons in the household,

RES =1 4if a farm customer, 0 otherwise,

BATH = number of bathrooms in the house, and
DISH = 1 if a dishwasher was used, 0O otherwise.

The price of a consumer good is expected to be the most single
important factor affecting quantity demanded. There is controversy over
the appropriate price variable to use in demand studies of goods like
water priced under block rate systems. Concern centers on whether an
average price or the appropriate marginal block price should be the
measure of price in demand estimates. Under the assumption of perfect
knowledge by consumers, Nordin (1976) demonstrated, .theoretically, that
a correct specification requires the inclusion of both marginal price
and an expenditure differential variable equal to the excess of the actual
total payment over what the total payment would have been if the marginal

price had prevailed in all blocks. However, Foster and Beattie (1981) argue

that the perfect knowledge postulate implicit in the marginal block price
specification is unacceptable and that average price is more likely the
price motivating consumer response. They also argue that the measure(s)
of price to which consumers actually respond is an empirical question and
show a marginal price specification for urban water demand performing
similarly to an average price model. A related empirical problem is the
fact that average price is not strictly independent of the observations
on quantity of water purchased, the dependent variable (Hanke, 1972).

The descriptive characteristics on rural water district user
perceptions of water purchases suggest that there is possibly a threshold
expenditure below which the value of time is greater than the additional
expenditure foregone by undertaking detailed marginal analysis. Reality
in consumer demand estimations depends on consumers' perception of prices
rather than what in fact exists. Following the logic of Foster and

Beattie (1981), average price per thousand gallons of water (PRI) is the
price variable used.

Theoretically, the water demand model should include prices of
substitutes and complements as well as the price of water. Practically

NI .
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speaking, water has no close substitutes and is complementary to other
goods only in the sense that it is used in appliances such as washing
machines and in waste disposal. Because of these only indirect relations
to complements, all cross-price effects were assumed negligible and only
the price of water was included in the model. To adjust for differences
in consumption due to variation in household technology among rural water
district customers, the number of bathrooms in the house (BATH) and the
presence of a dishwasher (DISH) were also included. A1l households that had
a dishwasher also had a washing machine. However, washing machines were
essentially universal appliances in user households. Both the number of
bathrooms and the presence of a dishwasher are expected to positively
impact the quantity of water purchased.

Household income (INC) is also expected to be a significant
determinant of rural water demand. Higher income households are expected
to have a higher water demand, other things equal, since water is not an
inferior good. To adjust for household size and farm vs. nonfarm users
NUM and RES were included in the model. Larger households and farm customers
were shown to have higher average consumption in the bivariate descriptions
presented earlier. Both these determinants are expected to be positively
related to the quantity of water demanded.

Empirical Estimates

Using OLS regression analysis, the demand model was estimated in
linear form and in a logarithmic-linear form. In the latter statistical
model, the explanatory variables are in exponential form. When estimated
in log form, the coefficients from this model lead to the calculation of
percentage changes in the quantity demanded (Q). For a unit change in an
explanatory variable, the percentage change in Q equals (ebi - 1) x 100. !
The models were also estimated with price and quantity variables averaged
over'the summer months of May through September and over the other seven

nonsummer months.
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Annual Demand. The results of the regression analysis with the
price and consumption variables averaged over 12 months are presented
as Model AA in Table 6.7 and as the Annual Model in Table 6.8. The
former table reports the linear models and the latter the log-linear

models.

In Table 6.7 Model AA, the results of the analysis are generally
as hypothesized. A1l coefficients had the expected sign and were signi-
ficantly different from zero at or above the ten percent level. Exceptions
are the presence of a dishwasher and the farm user. Both these
variables had signs on their coefficients opposite expectations but neither
were significantly different from zero, statistically. While farm users.
appeared to have higher average consumption rates in the descriptive
characteristics, once adjustments were made for household size, technology,
income, etc., rural water consumption by farmers is not significantly
different from the consumption of nonfarmers. In Model AB, the
two statistically insignificant variables were excluded.

The regression results in Model AB suggest that a $1,000 increase
in household income is associated, on average, with an increase in water

consumption of 40 gallons per month, other things equal. For each additional

person in customer households, average monthly water use increases 290
gallons while an additional bathroom increases average monthly water
purchases 1,271 gallons. These factors cause the demand function to
shift up in price-quantity space.

Overall, the linear demand model performed reasonably well.
Approximately 56 percent of the variation in the quantity of rural water
demanded is associated with variation in household income, household size,
the number of bathrooms and average water price paid per month.

Of particular interest is the relationship between quantity of
water demanded and the price variable. The results of Model AB indicate
that for every one dollar increase in average price per 1,000 gallons,
the quantity of rural water demanded declined about 200 gallons. The
estimated demand for water from Model AB is price "inelastic." Household

[
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demand elasticity for this model was -.2899 at the means of Q and PRI.
Thus, purchases of water from I11inois rural water districts would drop
only 28.99 percent for a 100 percent increase in price. This is similar
to elasticity estimates of urban residential water demand (e.g., Hanke,
1972, p. 299, Lynne and Gibbs, 1976, Billings and Agthe, 1980).

Exponential form demand models are common to the Titerature (see
Lynn and Gibbs, 1976, Foster and Beattie, 1979). This form of the demand
model, estimated as a log-Tinear function, for the I1linois rural water
systems is presented in Table 6.7 as the Annual Model. A model with price
in exponential form allows the price elasticity to vary directly with
price. High elasticities occur with high prices and low elasticities
are associated with Tow prices. In this form, only household income
and the price variable had coefficients significantly different from
zero. These two determinants of rural water service demand are the only
variables included in the exponential functions reported in Table 6.8.
About 68 percent of the variation in the dependent variable, 1nQ, was
associated with variation in household income and price.

Table 6.8

Nonlinear Estimates of Rural Water Service Demand

Variable Annual? Summera Nonsummera
Household Income .00002* .00002* .00002*
(4.22) (4.26) (3.45)
Average Price -.110% -.117%* -.107*
(10.28) (9.33) (10.37)
Constant 1.57 1.59 1.57
RZ Adjusted .68 .65 .67
S.E.E. 0.42 0.46 0.42
F-Ratio 79.63 69.18 75.05

d See footnote of Table 6.6 for description of dependent variable calculation.

The dependent variables in the nonlinear estimates are in natural
logarithms.

Absolute values of t statistics are in parentheses.

* Significant at the 5 percent level.

——
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The results of the annual model suggest a $1,000 increase in
household income is associatéd, on average; with a 2 percent increase
in the quantity of water demanded. A one dollar per 1,000 gallon
increase in price is associated with an 11.63 percent reduction in
the quantity of water purchased by the customers of IT1linois' rural
water systems.

For prices in the lower price range, as expected, households
had a more inelastic demand than for higher prices.2 For example, purchases
would be expected to drop 2.20 percent for a ten percent increase in
price from $2.00 to $2.20 per thousand gallons. At high prices, demand
is more elastic. A ten percent increase in price from $6.00 per thousand
gallons would reduce the quantity demanded by 6.60 percent. The inelastic
response exists for all prices below $9.09 per thousand gallons. The
elastic response above this price means households change consumption
levels by a larger percentage change than the percentage change in price.
For example, a ten percent increase in prices from $11.00 per thousand
gallons would reduce consumption by an estimated 12.1 percent. However,
the range of price observations was from $1.41 to $39.60, most of which
fell in the inelastic portion of the estimated rural water demand function.
Figure 6.6 graphically presents the exponential demand function for the
mean household income. |

Seasonal Demand. The description of average monthly water consumption
of rural water district customers provided some evidence of a seasonal

pattern. Seasonal demand functions for urban residential water use have
been reported in the literature (e.g., Lynne and Gibbs, 1976). To
investigate the existence of seasonal demands by households using rural
water services, both the linear and the log-linear forms of the demand
model were estimated with the quantity (Q) and price (PRI) variables
measured over the summer months and the winter months, .respectively.
These estimates are reported in the Summer and Nonsummer columns in
Tables 6.7 and 6.8. The months of May through September were defined
as summer with the remaining months categorized as nonsummer. These
estimates are similar to the annual model in most regards and suggest
that there poséib]y are seasonal rural water demands.
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To statistically investigate if in fact water use during May
through September is greater than water use during other months, an
intercept and a slope dummy variable were added to demand model (1).
The seasonal demand model is

Qs = f(PRI, INC, NUM, RES, BATH, DISH, D, DPRI) (2)
where: A

Qs = quantity of water demanded per customer household
(average per month for May through September and average
per month for the remaining months in 1982 in thousands
of gallons),

D =1 if Qg is summer quantity demanded, 0 otherwise (the
intercept dummy variable),

DPRI = D times PRI (the slope dummy variable), and

the other variables are as previously defined.

If the coefficient on D is positive and statistically different from
zero, water use in the summer months is significantly greater than water
use in the other months. A significant coefficient on DPRI would indicate
the slope of the demand function also varies by season. The seasonal
model was estimated in linear and log-linear form and is presented in
Table 6.9. To estimate the model, two cases were created for each
household in the rural water user data set. The first case had
water consumption averaged over the summer months and D equal one.

The second case had water consumption averaged over the other months
and D equal zero.

The coefficient on the seasonal dummy variable in the linear form
is positive and significantly different from zero. However, the coefficient
on this variable in the exponential demand form although positive is not
significant above the ten percent level. The coefficient on the slope
dummy variable, DPRI, is negative in both forms of the demand model, but
not significant in either estimate.

These results certainly do not provide conclusive evidence that
water use during the summer months was significantly greater than water
use during the other months. However, there is some seasonal difference
in demand and this was captured in the linear seasonal demand model. The
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Table 6.9

Estimates of Seasonal Rural Water Service Demand

Variable Lineard Log-Lineard
Household Income . 00005* .00002*
(3.18) (5.53)
Household Size .599* -
(5.16)
No. of Bathrooms 1.23*% -——
(5.03) :
Average Price -.159% -.101*
- (3.45) (9.99)
Summer/Winter 1.151% .139
(2.27) - (1.22)
Summer/Winter x Price -.096 -.014
(1.47) » (.96)
Constant .58 1.50
RZ Adjusted .55 .66
S.E.E. 2.00 .45
F-Ratio 29.79 73.72
a

The dependent variables are Qg and LNQs for the linear and log-linear
models, respectively.

Absolute values of t statistics are in parentheses.
* Significant at the 5 percent Tlevel.

inconclusiveness of these results demonstrate the need for additional research

on the seasonality of water demands of households served by rural water systems.

SUMMARY

The logic of declining block rate pricing schedules for water
service, in general, and rural water services in I1linois, in particular,
were shown to cause the average price per thousand gallons of water to
decline as purchases increased. Most rural water districts provide
1,000 gallons of water with the minimum monthly charge that averaged
$9.76. The number of blocks in the rate schedules ranged from two
to seven.
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The customers of Il1linois rural water districts purchased, on
average, 4.64 thousand gallons of water a month at an average price
of $5.77 per 1,000 gallons. Farm users, which account for about 22 percent
of sampled users, had consumption rates averéging slightly above this
level at 5.91 thousand gallons per month. Farm users also reported
1982 annual incomes that averaged 18 percent below the sample rural
nonfarm households served.

In general, water users with higher income had higher monthly
water bills and purchased more water per month. In addition to income,
the description of water user behavior suggested household size, price
and a farm occupation were related to the amount of water purchased.

In the estimation of rural water service household demand functions, price
and income were the two consistent determinants of water use. Household
demand was price inelastic over much of the range of quantities purchased.
However, the elasticity estimate from the exponential demand form became
elastic for prices above approximately $9.00. In the multivariate analysis,
farm user consumption was not significantly different than the consump-
tion behavior of nonfarm customers.

While the descriptive characteristics of water purchases suggested
seasonal variation in monthly water use, the existence of seasonal variation
in water demand was not verified conclusively in the statistical estimation
of demand. However, on average, the ratio of summer purchases to winter
purchases was 1.15 for all customers and 1.18 for the nonfarm users.

Understanding who the users of rural water services are and what
their consumption behavior is provides a base for policy making to enhance
the internal management of districts and for public policy by higher levels
of government. In pérticular, water demand analysis is fundamental to
pricing policy adjustments, identifying the impacts of federal policy
redirection, such as reducing capital subsidies for rural water service
construction and gquiding capital investment decisions in rural water
system plants and distribution networks. The analyses presented in this
chapter contribute to this understanding.
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Footnotes

The linear model is Q = a + b1 PRI + b2 INC + b3 NUM + b, RES + b5 BATH +
bg DISH + e. For the logarithmic-linear model, the natural logarithm of
both sides of the following equation are taken and the dependent variable
is 1nQ:

Q = EXP(a; + by PRI + by INC + b3 NUM + by RES + bg BATH + bg DISH + e)

EXP is the exponential function. Since as bi approaches zero, (ebi -1)

approaches bi, small values bf bi in the exponential function will

approximate the percentage change in Q for a unit change in the jth
explanatory variable.

From the definition of price elasticity, %%" g», the exponential form
price elasticity is [q(-.110)] g—= -.110p.
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CHAPTER 7
- RURAL WATER DISTRICT GEOGRAPHIC/SPATIAL ANALYSES

INTRODUCTION

The first step in this project was to survey the literature on special
districts generally, and rural water districts specifically. While in-
formation is available on the Tegal and political mechanisms of special
districts, information specifically on water districts is sparse. Neither
a catalog search of the University of I11inois library system, nor an
electronic Titerature survey of professionally prepared bibliographies
located sources which identified and mapped rural water districts. Nor did
the Titerature search find previous studies on water districts which had
attempted to relate the district and its impact on its service area to re-
gional or natural resource planning. Because of this lack of published in-
formation, other sources had to be located and a methodology for this study

developed.

l Initially information from both the Farmer's Home Administration
(FmHA) and the I11linois Environmental Protection Agency (EPA) was collected.
FmHA had files on 59 districts, the IT11inois EPA had information on over
2,000 districts. This study has Timited itself to the districts which
FmHA monitors, as they have more uniform information available.

The FmHA administers a loan program for construction of rural water
and sewer systems. They keep complete files on each district: that includes
the financial agreements between FmHA and the district, contractor's reports,
operating costs, user fees, district organization, etc. However, the files
contain very little spatial information. Only those districts which have
construction in progress may have the engineer's plans which show the dis-
trict's Tayout in their files.

Since a part of this study is an attempt to examine the relationship
between the water distribution system and the area surrounding it, two
water districts in central I11inois were visited to see what information

was available in the district's offices.

The two districts, the Sangamon Valley Public Water District in Mahomet
and the Clearwater Service Corporation in Mattoon, were chosen for their

i —
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easy accessibility to the research group as well as their difference in
requlatory restrictions and service areas. The determination of type of
information available in these instances was used in the selection of the

final systems chosen for study.

The Sangamon Valley Public Water District serves several subdivisions
surrounding the village of Mahomet, approximatsly 500 mobile homes, an
apartment complex and a golf course. The water district has its own well,
pump and water tower, and could conceivably service 500 additional homes.
The water district appears to work harmoniously with the village of Mahomet,
and will not service any area which the village services and vice versa.
However, this arrangement is informal. The water district does not have
to conform to the village's antiéipated growth plans, nor do they have to
submit expansion plans to any governmental or planning agency for approval
(unless required by FmHA loan requirements). The water district itself
does not have any maps of distribution Tines or users; however, their
engineering firm made these available to us.

The second district visited, the Clearwater Service Corporation, was
much more rural in character compared to Sangamon Valley's almost suburban
service area. This system is currently operating at capacity. Increasing
the system's service population would be possible only if more service Tines
were installed. Current users include residents of the village of Lerna and
rural home dwellers. Before the system could expand service to a new area
or rural subdivision, they are required to submit their plans to the Coles
County Regional Planning Commission for approval.

While there is a good supply of groundwater in the Mahomet area, there
is very Tittle good well water available in the Mattoon area. So, while
the Sangamon Valley Public Water District's function is that of water dis-
tributor, the Clearwater Service Corporation helps to upgrade the water
quality in the area, as well as distributing it. Many farms in the Clear-
water system are now able to use washing machines, dishwashers, etc. for the
first time.

Mapped information on all of the districts is very limited. No dis-
trict contacted had a complete system map. So, a decision was made to
compile comprehensive data on representative districts and analyze
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their spatial layouts. Three districts were selected to be studied, on

the basis that these would provide a reasonable representation of different
areas of the state. Additionally amount and kind of information avail-
able for each district was considered. Sources of information include
County Highway Depértments, Regional Planning Agencies, Census informa-
tion, ASCS aerial photos, USGS topographical maps and SCS soil maps.
Questions concerning scale of maps and photos, land use data - prior and
post water system construction, water resources planning, and population
characteristics were raised.

A secondary consideration in choosing the districts for study
was their geographic location. Districts in different areas of the state
were sought, in order to ascertain if geographic location affects water
district construction. |

However, as the Farmer's Home Administration has to date no
funded rural water districts in the upper northern section of the state,
the study was somewhat 1imited in how diverse a geographic selection was

available.

Using these criteria, the three districts chosen for this study
were the Clearwater Service Corporation, Adams County Public Water District
#1, and the Coal Valley Public Water District.

It should be noted that the previously mentioned sources of
information yielded very little usable material. Land use plans for the
areas were oftentimes not current, aerial photos covered too large an
area or were unobtainable, very little in the way of comprehensive water
resources planning seems to exist anywhere in the state, and the water
districts themselves often had no notion of any impacts which their
system had, or might have had, on the surrounding landscape.




Amptminsn it ———e

[P

o 25 R AT w0 T s WA v 4, i o TR, ] A0 s o bl il MR A

O T et & o Vi s’

129

ILLINOIS

CLEARWATER
) SERVICE
CORPORATION

COAL VALLEY PWD.

WATER RESOURCES CENTER

PROJECT NO. S/089/1I

DEPT, OF AGRICULTURAL ECONOMICS

UNIVERSITY OF ILLINOIS

1981 - 1983 7/83 S.W. TOPP

SYSTEMS SELECTED FOR PROJECT

SOURCE : FARMER'S HOME ADMINISTRATION

D R B SRR M o) A APREAGT B e A

g




130

For that reason, two of the three districts in this study were
contacted and visited (the Coal Valley Public Water District was not
visited*). Interviews with the districts' managers and engineers yielded
much more up-to-date and comprehensive information than any other source.
Information from these interviews and from the districts' own files made
it possible for system maps to be completed for each of the three dis-
tricts. The primafy sources of information (the districts
themselves) vary in amounts, precision and uniformity of information
available. Exact user information was difficult to obtain. While the
general layout scheme of each map is accurate, the exact location of
ddentified users may not be. People join and leave the systems regularly
and this cannot be reflected in the maps in this study.

THE DISTRICTS

Clearwater Service Corporation

The Clearwater ServiceFCorporation is located in the southeastern
portion of Coles County and the northwestern tip of Cumberland County.
The district was formed in the early 1970's, instigated by a group of
local engineers who recognized that the area had no reliable supply of
potable water. To form the district, 80% of the potential users in the
service area had to sign a service contract, committing them to district
membership.

The 8 inch Tine in Mattoon Township, with a 200,000 gallon
standpipe storage tank, lies east of Route 45 and Interstate 57. This
8 inch pipe branches off into a series of 6 inch 1ines with users scattered
along the lines. Section 26 has a cluster of 11 users in the Hickory
Hi1ls Subdivision, but this is the only subdivision in the township. In
Sections 9, 10 and 11 the line becomes 4 inch and serves 11 users. There
are no villages in this township.

* The Coal Valley Public Water District, located in Williamson County,
experienced a tornado during the early stages of the research project,
thus preventing travel to the area for data gathering purposes.

S
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The system continues into Charleston Township with 6" line. There
are three subdivisions in this township. Ramblewood Estates in Section
20 has 11 users and Nobles Subdivision in Section 28 has 4 users. Most
of the pipe extending into Charleston Township are 6" in diameter. How-
ever, Section 17 has a segment of 8" pipe leading into Ramblewood Sub-
division. Also, there are short segments of 3" and 4" pipe branching off
from the 6" extensions. These smaller Tines follow county roads and ser-
vice clusters of customers along them. The Charleston storage tank,
located southwest of Charleston, holds 60,000 gallons.

The system continues southward into Pleasant Grove and Paradise
Townships. There are three pipeline extensions into Pleasant Grove Town-
ship. In Section 6 there is 8" line which narrows to 6" in Section 7
and continues to the county border. There are three 4" offshoots from
this Tine. The only densely occupied section in this area is Section 8,
with 19 users clustered along the 4" pipe, and a 3" extension from it.

The second extension into Pleasant Grove Township is in Section 4. 6"

pipe narrows to 4" in the southern end of Section 3 and serves the Village
of Lerna, which has 138 users. The 6" line continues south and east to the
~ village of Janesville, which has 33 users and the Janesville storage tank
which has a 75,000 gallon capacity. The third extension into Pleasant
Grove Township is east of Janesville. 6" line runs through Sections 4,

9, 16 and 21. This 6" line also has 4" and 3" extensions from it into
Sections 3 and 4, 5 and 6, 8, 9 and 10, and in Section 17. There are
scattered customers throughout these sections.

Paradise Township has a highly concentrated area of users in the
Lake Paradise Subdivision. There are 68 users clustered along the 6"
pipe which borders Lake Paradise. This subdivision occupies parts of
Sections 4, 5, 8 and 9. There are two segments of 8" pipe in this
township, one in Sections 17 and 18, leading from the systems source,
and one in Sections 2 and 3 by the Magnet storage tank. The 8" pipeline
which Teads from the source branches both north and south in Section 14.
The 6" pipe heading north connects the Lake Paradise Subdivision and the
6" pipe heading south connects the village of Etna, which has 20 users.
When this line reaches Route 45, it again splits north and south. The
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north section connects with the lines that lead into Pleasant Grove
Township. The pipeline that heads south splits at the county border,
part of it runs due east, paralleling the border, and the part of it
extends southward into Cumberland County.

In Cumberiand County there are two major pipeline extensions.
The first one runs straight south, through all of Neoga Township and
into Spring Point and Sumpter Townships. The pipe size is 6" until it
reaches Section 36 in Neoga Township, and then changes to 4". From this
long extension of pipeline there are four offshoots. One is a 4" extension
westward into Sections 10, 11 and 14 and 15 which branches off into 3"
pipeline in Sections 3, 10, 15, 22 and 27. There are twelve users on
this extension Tine. The second offshoot extends eastward into Sections
7, 12, 13, 18 and 24 of Neoga Township. There 3" and 4“'pipe1ine form a
closed Toop which serves 24 users. Nineteen users are served by pipeline
which extends from this closed line. The fourth offshoot from this
section extends to the town of Toledo. Thirty-seven users are served
along this segment of 6" and 4" line.

The second major extension into Cumberland County runs into
Sections 26, 27, 34, 35 and 36 of Cottonwood Township. The pipeline is
4" in diameter, with three small extension 3" in diameter. This segment
of the Service Corporation's 1line serves 27 users.

A brief summary of the district layout is as follows. The system's
source is in Mattoon Township. Eight inch pipe feeds the water from the
source to the system's pipelines. Pipelines fan out from the source, de-
creasing in diameter size as the outskirts of the system are reached. The
largest amount of pipe is six inch and four inch in diameter. Three and two
inch pipe is used only on the edges of systems where only a few users or
clusters of users are found. The greatest number of users and pipeline is
found in Coles County. There are only three main arms of pipeline extend-
ing into Cumberiand County.

The district's water supply is purchased from the city of Mattoon.
The district's contract with Mattoon stipulates that Mattoon may not refuse
to supply water to the district. Despite this stipulation, the district
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has drilled an experimental well on its property and is determining whether
it can realistically service its customers from its own well.

The construction of Clearwater Service Corporation was completed
in two phases. The first phase, completed in 1978, is comprised of approxi-
mately 60 miles of pipeline and now serves approximately 738 users (in-
cluding the Lake Mattoon Public Water District - not shown on the map). _
The second phase of construction added 130 miles of pipeline and serves an
additional 770 users (this figure considers the 138 users in the Village of
Lerna as one user). The average usage varies from as high as 4600 gallons
per minute in summer, to a low of 3,500 galions per month in winter.

The pipe size for the mains in the district varies from 8" at the
district's water source to 2". From the main to the meter vault on each
user's property the district uses 1 3/4" pipe. The owner is responsible
for whatever other distribution Tines are needed. There are six (6)
storage tower tanks in the system.

Description of System. For the purposes of analysis, the districts

have been divided into township survey sections. Individual sections or
clusters of sections will be analyzed. The Clearwater Service Corporation
covers 168 sections. Although the district is not allowed to serve customers
within a one and one-half mile radius around any incorporated municipality,
the sections outside this boundary, which surround the cities of Mattoon

and Charleston have the largest number of rural users.

In Mattoon Township is one of the system'ssix storage tanks. The
Magnet storage tank holds 75,000 gallons. Lincoln Trails Subdivision is
also in Mattoon Township and has 41 users. Next to this subdivision are
the adjacent sections 21, 27, and 33. These sections have 37 users along
a 6" segment of pipe. 6" Tine then extends into Section 32. From this
6" pipe, 3" line extends into Sections 30, 31, 32 and 33. There are 8
users along this segment of pipe.

Because Clearwater Service Corporation extends into two counties,
analysis of the impacts of the district on its service area is difficult.
There is a great disparity of information available on the district and
on land-use planning within the district's boundaries. Coles County has
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a regional planning commission, Cumberland County does not. Before the
Clearwater Service Corporation could agree to serve a new development in
Coles County the developer would have to get a permit from the Coles County
Planning Commission allowing it to be built. The Service Corporation could
not serve anyone who did not have this permit. This is not true in Cumber-
land County. If service expansion were feasible, the corporation could
operate in any area of Cumberland County, regardless of the impacts that
this would have on land use or water resources. No permit system or guiding
agency exists.

Public Water District #1

Public Water District #1 (PWD #1) is located in central Adams
County, a west central I11inois county which borders on the Mississippi

- River. It is different from the other two districts studied in that it

is a confederation of four settlements, Fowler, Paloma, Columbus and
Coatsburg, and only incidentally serves the rural user. The district

was originally formed in 1973 with the intention that the water supply for
the four settlements would come from the McKeesport Conservancy District,
a water project which had not yet been constructed. The water district
was built, relying on this not yet available source and using a well in
Fowler as an interim supplier. Funding for the McKeesport Conservancy
District project never materialized, so PWD #1 was forced to buy its

water from the deep wells on the Mississippi River which belong to the
Clayton-Camp Point Water District. These wells will be PWD #1's permanent
source. (Source: John Klinger, Klinger and Associates, engineers for

the district.)

The most recent annual report available from the water district
(1982) 1ists 293 users and an average annual water consumption total of
approximately 13,200,000 gallons.
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Description of System. The layout of Public Water District #1 is

simple to describe. Again, the study area has been divided into sections.
The water district is located in Gilmer, Columbus, Honey Creek Townships
and includes 16 sections in its service area. The district's boundary
lines are shown on the map of the district. A1l of the pipeline outside
of the settlements which are served by the system is 6" in diameter. Water
district records show fhat there are only 32 water meter hookups out-
side of the four settlements in the district. According to John Klinger,
engineer for the district (interview on June 9, 1982), there is only one
large user on the system and that is a trailer court located between
Catsburg and Paloma. The trailer court relies on only one meter, so it

is indicated that way on the study map. ‘

The district's distribution system in each of the settlements is
comprised of 4" pipe. There are domestic users located along these Tines.
One school, Tocated in Fowler is also included among the district's

. customers.

Water enters the system from a point in Fowler, where the Clayton-
Camp Point Water District's pipeline system meets PWD #1's system's pipes.
There is one 75,000 gallon storage tank located in Coatsburg. However,
this is not needed, since the system's water comes through Fowler, and is
currently being dismantled.

Since the only users to join the system since its formation have
been rural/farm users already located there, it seems safe to conclude
that the district's impact has been minimal. No other new construction
has taken place in the district's service area since this reliable water
supply source has become available.

It should be noted that neither the water district itself, the
regional planning agency (the Two Rivers Regional Council of Public
Officials), FmHA or the SCS keep any kind of records on number of building
permits issued, land use changes (i.e. from agricultural land to some
other usage) in the district's service area or total water consumption in
the district as a percentage of water available from the district's source.
The system was built because reliable drinking water sources were so hard
to tap, and yet no record is being kept of how the sources used by the
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district are affected by the increased usage resulting from district
construction. A field trip to the area showed that the land is farmland,
there are no new developments in the district, since district construction.

Coal Valley Public Water District

The Coal Valley Public-Water District is located in eastern
Williamson County in southern I11inois. A field trip to this district
was not possible because during the time that this district was studied,

a tornado hit the area around the district (city of Marion and environs)
closing down many parts of the area. Therefore information had to be
gathered by telephone interviews and letters. The same agencies that
would have been visited, the regional planning agency, the system's
engineers and the district itself were contacted. The description of this
district illustrates some of the problems inherent in this study. The

‘major problem is that some information just does not seem to be available.

The district's description is incomplete because neither the district
itself nor the district's engineer had a complete map, showing pipelines
and users in their files. O0ften, if a district is constructed in phases,
only piecemeal maps and descriptive information on the layout is available.

Description of System. The Coal Valley Public Water District is
similar to the Clearwater Service Corporation in terms of its layout. It
is located in east-central Williamson County, covering 42 sections. How-
ever, it is different from the other district studied in that a Targe
amount of the pipeline, extending throughout the district, is 2 1/2" in
diameter. The other districts rely on 8", 6" and 4" pipe for most of
their main extensions. The district is near to the city of Marion. There
are two villages in the service area.

Starting in the northwestern corner of the district's service
area, the system consists of 2" and 3" pipe. 2 1/2" pipe leads from one
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of the 6" sections of pipe. 6" pipe runs east-west through the middle of
the district's service area and is bisected by a 6" length of pipe which
runs north-south. This 6" pipe narrows to 4" and then meets the 2 1/2"
pipe in the southwestern corner of the district. This pipe forms a loop
in the southernmost portion of the district. The eastern portion of the
district is an addition to the original system. This part of the system
consists of 4", 3" and 2" pipe. There are 53 users on this newer portion
of the system. The northeastern corner of the system is part of the
original system and the pipeline is also 2" and 3" in diameter.

Comparisons

Comparisons should not only consider engineering requirements,
but also the reasons behind the system's construction, the type and

"number of users and surrounding land uses.

The Clearwater system provides water for several townships in
the immediate vicinity of two growing cities (Mattoon and Charleston).
The system does not serve these cities and so is used primarily by rural
dwellers. There are several subdivision developments located in the rural
areas and making use of the system. The system is prepared to add users,
but is Timited in capacity and therefore will at some future point require
additional capacity should demand increase.

Adams County PWD #1 was constructed as a result of the re-
sidents of four settlements forming an authority to initiate the con-
struction of this system. The system, therefore, exists primarily for
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the residents of these settlements and associated rural residents. Access
to the system is restricted, requiring the approval of the members com-
prising the authority. The system is capable of providing for additional
users if apprové] is received. The four settlements are relatively small
and rural in nature and have not experienced development of any large or
significant degree.

In summary, the two systems were constructed based on an observed
need - PWD #1 by the residents and Clearwater by the corporation. They
have attracted users sufficient to maintain operations while not over-
burdening the systems' present capabilities, experienced little or no
development as a direct result of the systems availability and could pro-
vide service for a limited number of new users.

SPATIAL CHARACTERISTICS

One of the primary sources of information contacted in the
districts were the planning agencies responsible for that area. The
planning agencies had little information on the systems, but they did have
supplementary data pertinent for this analysis (although usually not as
complete as desired). The more important information the planning agencies
were able to provide was related to land-use, development, population,
the various governmental bodies involved, and environmental.

Land Use and Subdivisions

In both study cases, the information obtained indicates that the
systems are utilized primarily by persons who were already living in their
place of residence before the system was constructed and who connected to
the system when it became available. This indicates that in proportion
to the total number of users, that percentage of new users after the system
became available is small. ‘

The information provided also indicates that there were few changes

in land use classification brought about as a result of the provision of
these services.

It should be noted that the districts studied were funded by FmHA,
which has requirements guarding against large scale developments coming
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into rural areas to use water from these districts. So, other rural water
districts, not reliant upon FmHA for their funding, might experience a
greater demand for development and changes in land use classifications.

Consideration should also be given'to the fact that this study was
undertaken during a time of high interest rates and labor costs, which
severely affected the building industry in I11inois.

'Existing Land Use: These maps depict the numerical count of the
various uses of land within the study area. This gives an indica-
tion of the level of activity occurring within the study area and

the potential for water usage. The land use is separated into four
categories: Residential, Commercial/Businéss, Industrial and Public/
Semi-Public. It can be seen that the residential usage is by far the ”

largest, with the Commercial and Industrial uses being very limited.

Subdivision Development: These maps indicate the number of sub-

divisions constructed within the study area during a given period.
The significance in determining the count of subdivisions can be
found in the comparison in rate of this form of development before
and after the introduction of the water system and in determining
what subdivisions, predominantly residential in use, make use of the
system. (This information is also presented in Table form as Appendix .
B.) 1960-1970: Subdivision development primarily occurring in the
townships of Mattoon and Charleston.

1970-1980: Subdivision development in Mattoon and Charleston is

large and not unexpected. However, Lafayette and Pleasant Grove
experienced unexpected development. 1960-1980: Subdivision develop-
ment occurred in each of the townships during the 20 year period,

but most significantly in Pleasant Grove.

Development in the vicinity of the Clearwater Service Corporation
has been extensive, but the majority of construction has been within the
city Timits of Mattoon and Charleston not serviced by the system. Although
there had been a significant amount of subdivision development prior to and
after the construction of the system, the majority of these are not serviced
by the system and of those that are, not all potential users chose to con-
nect to the system.
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Population and Housing Units

Although the townships serviced by the respective systems have not
experienced significant changes in land use in the immediate vicinity of
the service areas, they have experienced a growth in population in the
past two decades. This growth has predominantly occurred in those parts
of the townships that do not receive the water services, and therefore
seems unlikely that the provision of these services has had much of an im-
pact on the growth of the population. '

The opposite can also hold true, in that the number of users on the
system is a small percentage of the number of potential users and there-
fore indicates that the systems were not constructed because of the in-

creasing population.

A more significant growth pattern for analysis in this type of
study is that of housing units. The U.S. Census Bureau did not begin col-

~lecting data on housing unit increase or decrease until the 1970 census.

This makes it-difficult to analyze any data for a period other than 1970-
1980. Any analysis for an earlier period relies on household counts and
vacancy rates for an earlier period relies on household counts and vacancy
rates for the period, which is somewhat less reliable.’ (See Appendix

for method used in calculating 1960 housing unit counts.) Analysis for
the two time periods, 1960-1970 and 1970-1980 indicate that while there
were increases in housing units, these units were predominantly in areas
not serviced by the study water districts and therefore were not constructed
because of the systems. It would therefore seem that provision of water
services did little, if anything, to influence hbusing units.

Coles County/Percentage change in Population 1960-1970: This map
is a visual presentation of the percentage change in population
during the 1960-1970 period with focus on the five townships con-
taining the system. The figures so depicted show a relatively
small change in each of the .townships for both growth and loss,
except for the township of Charleston which experienced a 48%
growth. (The reason the figures are as a percentage is for pro-
portionality between the townships. Two townships can experience
the same rate of growth while experiencing farm different numerical

growth.)
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Stonefort Precinct

Source: 1980 Census of POpu1atibh.

TABLE 7.1
Service Area Population Data
]980ﬁPopu1ation ‘1970'P0pu1ation Pop. Change

Clearwater Service Corporétioﬁ:

Coles Co. ' 59,922 47,815 + 5,107
Charleston Twp. 21,121 17,682 + 3,439

(excluding city of

Charleston) (1,766) (1,261) (+ 505)
Lafayette Twp.

(excluding cities of

Mattoon & Charleston) 1,336 1,381 - 45
Mattoon Twp | 18,091 18,696 - 695
(excluding Mattoon) (1,105) (812) (+ 293)
Paradise Twp. 923 843 + 80

(excluding Mattoon) _
Pleasant Grove Twp. 1,342 1,155 + 187

Cumberland Co. 11,062 9,772 + 1,290
Cottonwood Twp. 556 564 - 8
Neoga Twp. 4,694 3,578 + 1,116
Spring Point Twp 1,092 956 + 136
Sumpter Twp. 3,254 2,813 + 141

Adams Co. PWD #1: .

Adams Co. 71,622 70,861 +  76]
Gilmer Twp. (including

pt. of Columbus Village) 1,005 789 + 216
Honey Creek Twp. 1,066 949 + 47
Columbus Twp. (including '

pt. of Columbus Village) 531 448 + 83

" Coal Valley Public Water District:

Williamson Co. 56,538 49,021 + 7,517
Crab Orchard Precinct 1,187 986 + 201
E. Marion Precinct (not in- 6,212 6,080 + 1,132

cluding Marion City &

Pittsburg Village)

1,077 929 + 148

s
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Coles County/Percentage change in Population 1970-1980: This pre-

sentation of the percentage change shows a general state of increase
for the townships within the study area, but not as pronounced as
before for Charleston. Also, the township of Lafayette experienced
a decrease while existing between two fair-sized cities.

Coles County/Percentage change in Population 1960-1980: This map

represents the comprehensive change in population for the period
1960-1980. The figures show a surprisingly low rate of change for
a 20-year period, with the exception, of course, of Charleston.

Coles County/Percentage change in housing units 1960-1970: This map

depicts the percentage change in housing units during the period 1960-
1970 and indicates low rates of change for the townships within the
study area, with the exception of Charleston which experienced a
growth of 36.8%.

Coles County/Percentage chénge in housing units 1970-1980:  This
representation of the figures shows a large rate of growth for the
Charleston township - which is not unexpected, and an even larger
rate of growth for the township of Paradise - which is unexpected.

Coles County/Percentage change in housing units 1960-1980: This per-
centage change shows the overall increase in housing units during

the 1960-1980 period to'be quite large for the townships of Charleston
and Paradise and moderately high for Mattoon and Pleasant Grove.

The other townships in the county show similar patterns of growth,

so this situation should not be construed as unusual.

Comparison of information for percentage change in housing units and
percentage change in population in Coles County: The overall con-
census of the two forms of information seem to indicate an increasing
supply of housing in excess of what can be accounted for from popul-

ation increases.

Comparison of information from percentage change in housing units-
percentage change in population and subdivision development in Coles
County: The most outstanding aspect of this comparison is the con-
struction of 20 subdivisions in a township that experienced a 5.6%
decrease in housing units and a 9% decrease in population during

the same time period.



154

TR

e e, e T

R NIRRT

g

S o ey

S3TN

28711

SIONITH 40

SOINONODI IVUNLINDIYOY 40 "Ld3Q
111/€90/8 ‘ON 123roud
d31N3D SIDYNOSIH H¥ILVM

% G2 4840 - m
%G2 040 - .

:§S01

&

%G2 040 - @
*HLMOYD

% G2 19A0 .

b e 2 |
E.E%nwn_‘xom

“SNASN3D NOILvINdOod

P e, —— P

i bt i T

ol - ; ak i

0.6l

‘SN

NOISSINWOD ONINNYId TWNOI93Y ALNNOD S3T0D :30HNOS

€861-185!
ALISHIAINN

(%v'9-)

JAONO LNVSVIQ:

0.6] - 0961:NOILVINdOd NI mwz<_._o, JOVLNIOH3d

“ddol M5

(%52'9+)
HONYIMVO 1SV3

) (%S1-): [
w NVOHOW;

T
T

=)

(%S2L)
107T08WAH"

T
i




155

R N T e

oo

0861 - 0,61 :NOILYINdOd NI moz«zo mo&.zmommm

o s o L T

il T 00 %

K3k 0 4 TG

m:mzuo NOILVINdOd 086l
NOISSINWOD ONINNVId TTVYNOI93Y ALNNOD S3770J :304NOS

R AR

SN

PR AL SO s AP

s e T s R s
SIIRONODI m,__wzh.hhsomwwoﬁwmw\u% (%£'s£4) (%2914 qu“m.“ (%G6+) Wm
HI/630/8 'ON 193r0¥d NOLLNHT AOM9 INVSVI1dHH 3slavyvd
H3ILNID §3IDBN0OS3IY HILVM It . #
C HiT
°4G2 49M0 - ! - s
’ E (%b'6l) T ?\omm g.) = o
%52040- [] NOLSTTYVHOT _mtm><.._<._ i
:$5071 A
%G2 18r0 . (%8 61+) !
= JYOWHSV H ERsgasnase ;
%5200 - [
tHLMOYD gEH i
T3 T 13311 114
.................. il
d 3 (%L'6-) HH (%LSbe) T %9+)
ANy WJAOMOIH N3A3S 11 LA108WNHTT MU0 HLMONT
RS 1
AT.r.i B ..Wﬁnxp 1 n.u
i i
tHH ¢
SIONITTT1l "ALNNOD S3109D

P =)
)



— [ — e e e e e . L

156

T e g e T D i St s L Y 4 = i
¥y ¢ 2 1 0O SNASNID NOILYINJOd 0861 8 06l SN
i :37v3S NOISSINNOD ONINNVId TVNOI93™ ALNNOJ S3700 :32dN0S
0861 -096!1 :NOILVINdOd NI 3JONVHO FOVINIOYdd
: QQQ.N MS , Nm\:“mﬁ_ _0,0.._ . I RERBSERARASE T > A EENAREREREARANERNRRERS ¥ . :f.::::j
- ::n_J.__]J_M 1T A::C.:E:.C_:J_::h T ;._:OEH:.: 1 ln
59IMON0D3 TV HALIIIIOY 20 1430 %88 +) : (%264) % (%972+) 5
11/680/8 'ON L03rOud B NOLLNH IACHS INVSV3Id 3Siavyvd -
Y3ILNID $3IOHNOSIY HILVM t "
%G2 4o - [
%52 %0 - [] : . TN
18807 : (%g9oLs) T (%9°0+) 7!
% GZ J9AO - @ NOLSIWMVHI 1 NOOLLVIA -
% G2 0} o - @ ﬁO\om.m.V._.v ~ o : : Eﬁs\ ‘E&%
:HLMOYO JHONHSY 3 : o
A3A
T (%84) T D (%61-) } (%9E ) HHH] 1 (%g2-)
FONVIIVO LSVA ™) NVOHOWE: AHOMOIH N3AZS TH10708NNH ] MYMO HLMON '

SIONITTl ‘ALNNOD S3710D




R A S R R e SN LS A S IR AR Sl I AN MR AT T Y B o
v £ ¢ | 0O NOISSINWOD ONINNVd J(ZQONK ALNNOD meOO
= :37v3S SNSN32 NOLLVINdOd 0L61 8 096! 'S'N :3D¥NOS
WNJ W {"V XION3ddv 33S)
OJASI me_ :SLINN OZ_mDOI Z_ MOZ<IO mmu<._|2mom M_n_
SRR VR A I BN Rt AN A O AT A Ay Jisis B s ] e, i e o

mmo._. WS e8/v

.rz<w<u._n_

€861 - {861
SIONITT 40 ALISHIAIND

SOINONOD3 IVHNLINDIYOV 40 '1d3Q
111/680/$ 'ON 103r0Yd
Y3I1NID SADYNOSIH HILVM

$mmho>o-ﬁ
%S2 o 10- [7] FEAEHHAHIHHTHI. =

15507 NOLSTTHVHO mtm><.._<._.__. i

;..iﬁ,,_, dhiah ! is
iif 1) Lk 2

9L G2 19A0 -

n %2 o 1'0- [ xm__mom___l_wef
:HLMOYS :
| B L o
_, TANVINVO AHOMOIH | (e
18V3 Bhooo N3A3S | LATO8WNH

‘ALNNOD S37100

SIONITI

1 IRV e A G Beten S SRR s FE IO U W S A TR T e W e




158

'
R o s

——— e, e e, S, e ey e e,

S E e e T S Ty e T

ﬂu.?é?ﬁg\nsﬁa?ﬂygﬁig&?@&%g
w:wzmo NOILVINdOd 086l SN ,
NOISSINWOO ONINNVId TTVNOI93YH ALNNOD S3T03 :334NOS

086!-0.61 :SLINN ONISNOH NI d9NVHO 39VIN30H3d

Sy P17 9 SR Eohon ol KA S A ST e o 7 T

ddOLMS 28/ . : — _ >
£861- 1361 ] T ’
i . SIONITE 40 rtwmw;mz: n
§ oo wnononey s o3 FEHEE(%6'914) { %819+ THN
¥3LNID $3ID¥NOSIN HILvM NOL1NH i\ 3SIAVHYd O
A HiHH HiH!
%g2 Jero - [ 4,,, T HHHE N
) (%Y : o (%81 +) HH
%S2 0 1'0 - [] AATENOLSI : S NOOLLVI 5
:SS07 | it if
(%9¥S+) _ . ‘
g2 - THOWHSY o aiteefincter )
0 szoio- [
i :HLMOYO s Heccitgispisecdiiitsonii
AT W Ty 3
:  (%50is) T (%0°0) B (%2 2s) HEHH (%616 (%6014) it
QNV DIVO LSV, NVOHOW FAONOIH NIAIS T LAOBNNH (hlH MYYO HLMON '
b t vr < 11 I
¢ _
| SIONITTI ‘ALNNOD S3100  §

AR TRV € 52, S S g e SRS, AUV R0 B i . e AR 1 Pl S U 0 AR . 08 PRt Sy <l s o Srab v B RS gy - bR e, b Wi,



159

i<k S TE g T SR 2

WY, g T L

T s i (it R e e 4
zo_wm_is_oo wz~zz<|_n_ 1_<zo_wmm >._.ZDOO muJOU

ﬁlﬂiE 1 37V0S SNSN3D NOILYINdOd 0861 8 0L6l ‘096! "S'N:304NOS
§37IN (‘v XION3ddV 335)
0gel- Omm_ w._._ZD OZ_w_)_OI Z_ MOZ<IO mo<._.Zm_0mm_n_
e B o i 3 EARPOEN SRR IR S I e 4 s.. AN B & St gL A 2 L EINRPSR A PRI
&mO.r §m €8/¢€ e = o8
T ‘ : Hh ENENEEE N
€a6!- 1861 I _ sEn; ay 111 1T
SIONITY 40 ALISHIAIND : - B (L7124) AH
SO Ra0/s. o Loarond = (2'gl.) Beg¥ees JAOY9 i 3S1avYvd
¥ILNID SIDHNOS3H HILIM H 3 o . ~ y =
= NOLLNH +§ic £ T
S ]
n T
JTHE :
s saro- B S il Wmﬂ%
. P ! r PRI
%g20i1'0- [i] , (s'o8+) F ez
.  NOLS3THVHO m._..rm><n_<.._ it NOOLLVIN
:$SOT _~ 4 Jieeazany M. m&&%
% G2 49A0 - @ (9°9G+) .nl.l.. . g b ] ;xw HE LHM wL
JHOWHSY ]
. ] wwﬂ Lﬂ xiwﬂu.xm
HLMOHO T
A3 (8'02-) T HHE (ge i
AMOMOIN HE  ('6b4) O MYNO ©
: N3A3S [HLGTOSWNHHf i HLYON i
s P
HHEHHOHE T
i ¢
SIONITI  ALNNOD S37100




160

Adams County/Percentage change in population 1960-1970: This map

is a visual presentation of the percentage change in population
during the 1960-1970 period with focus on the three townships con-
taining the system. The figures so depicted indicate a relatively
small change, for both growth and loss. (The reason the figures
are as a percentage is for proportionality between the townships.
Two townships can experience the same rate of growth while experi-
encing far different numerical growth.)

Adams County/Percentage change in population 1970-1980: This pre-

sentation of the percentage change shows significant increases in
two of the township study areas, with even the third experiencing
some measurable growth.

Adams County/Percentage change in population 1960-1980: This map

represents the comprehensive change in population for the period
1960-1980. The indications here are that all three townships in
the study area experienced significant growth during the twenty
year period.

Adams County/Percentage change in housing units 1960-1970: This map

depicts the percentage change in housing units during the period 1960-
1970 and indicates a moderate increase in two of the townships in

the study area, somewhat within the norm of the changes in the sur-
rounding townships.

Adams County/Percentage change in housing units 1970-1980: This re-
presentation of the figures shows a very large increase in the Gilmer

township area and significant increases in the other two townships
in the study area. This is in agreement with an overall pattern
of growth for the rest of the county.

Adams County/Percentage change in housing units 1960-1980: This
presentation of the percentage change shows the overall increase in
housing units during the 1960-1980 period to be quite large, with an
extremely large increase in Gilmer township of 63.3%. However,

the other townships surrounding the study area tend to show a

large increase as well, therefore indicating the situation is not
abnormal.
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Comparison of information from percentage change in housing units

and percentage change in population for Adams County:

1960-1970: shows minimal growth or loss of population within the
study area, while showing moderate increases in housing
units in two of the townships.

1970-1980: Shows moderate to Targe growth in population in the
townships in the study area, while showing moderate to
large growth in housing units in the study area townships
and the amount of growth is somewhat proportionately re-
flected in the respective townships.

1960-1980: shows moderate growth of the population in the townships
within the study area while experiencing moderately large
to very large growth of housing units in the study area.

Summary: While earlier comparisons are contradictory, the longer
period of 1960-1980 shows growth in the population being
matched by growth in the number of housing units, and
consequently a greater need for potable water supplies.

CONCLUSION

Where the Clearwater. Service Corporation is in operation, the
number of users as of 1982 was 1,129 (920 in Coles County and 209 in
Cumberland County). In view of 6,086 potential customers in Coles County
and 9,596 in Cumberland County, actual users account for 7% of possible
customers. There are 14 rural subdivisions with a total of 180 housing
units with access to the system and of those 180 units, 110 are actually
hooked up to the system. These factors plus the fact that only 10-15
housing units presently hooked up to the system were constructed after
the service had begun its operations, appears to indicate the provision
of the water service has not generated large amount of development, nor
contributed significantly to any change in land use.
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The results are the same, if not more evident, in Adams County.
The establishment of PWD #1 for the settlements of Fowler, Paloma, Coatsburg
and Columbus was sought by the residents of these settlements. Some rural
residents have connected to the system with the permission of the District,
but development in and around the villages has not occurred to any significant
amount. Of some interest, however, is the use to which some of the rural
residents are putting their water supply - the watering of livestock. This
use has increased in popularity, and at present there are 50 potential users*
who would Tike to be connected to theisystem for this purpose.

Although the water districts studied do not seem to have had a
significant impact on land use in their service areas, they have provided
a dependable potable water supply of better quality for rural domestic use.

The need for rural water districts, as evidenced by the larger
number of districts, is greater in the southern half of the state. Accord-
ing to Mr. Charles Bell of the I11inois Environmental Protection Agency,
this is because the northern portion of I11inois has a plentiful ground
water supply and the southern portion does not.

The study results are at best tentative and are contrary to con-
ventional wisdom regarding the positive role infrastructure improvement
is credited with in encouraging growth and development.

The Clearwater System is in an area of growth attributable to
recent trends of population movement toward areas of natural attraction -
rural Takes and rivers with forest cover. The water system represents a
bonus rather than a necessity.

* During interviews with agencies and persons concerned with the Adams
County PWD #1, mention was made of some of the rural users of the Clayton-
Camp Point Water District 1line, of which PWD #1 is a section, utilizing the
processed water for their Tivestock operations. The rational of the users
for utilizing the water in this fashion appears to rest on the assumption
that the reduction in the costs of providing water from their own wells

and associated veterinarian bills more than makes up for the cost of using
the processed water. Whether or not this is a valid assumption would make
for an interesting study.
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So too, PWD #1 was established in an area already developed.
A particularly interesting factor is the rural uses for livestock operations.
This phenomena urgently needs additional study. The potential impact on
existing systems and on proposed water systems could be highly significant.

A second factor discovered but not investigated is the emergence
of regional water supplies (wholesalers) that "open up" large areas for
local water delivery systems (retailers), the subject of this study. The
formation of these regional systems, given current demographic movement
plus a "new" market - the livestock enterprises, have the potential to
radically alter the current distribution of population and the agricultural
geography of the state.

The paucity of research of water systems in terms of spatial
distribution and characteristics severely Timited our investigations.
This line of inquiry is vital to public policy formation - at the national,

-state and Tocal levels. We hope this initial attempt to consider spatial

attributes contributes to further similar research.
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APPENDIX

Water District Customer Sampling Frame

Water District and District Customer Survey
Forms

1960 Housing Unit EStimating Procedure

st
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A. Water District User Sampling

A two stage sampling design was employed to draw a representative
R sample of I11inois rural water district users in order to insure variability
in water prices paid. The target was to obtain 100 complieted telephone
interviews. The steps in the two stage design were:

1. The I11inois rural water -districts were grouped into three
strata on the basis of water price schedules--high, medium,
fa : and low. '

1 2. From each of the three strata, three districts were drawn with
1 the probability of any district being drawn‘proportionate to
its number of users.

3. From each selected district, 20 users were selected using a
systematic random sampling procedure.

4. Steps 1 through 3 resulted in a sample of users per price
) stratum of 60 or 3 districts times 20 users per district.

! 5. For each district, a random sub-sample of 11 users was drawn

) holding 9 customers in reserve. Randomly selected cases from
. the reserve were used as needed to achieve the target number

of about 11 cases per district, 33 cases per stratum and 100

“! completed interviews.

This design resulted in a sample that was self-weighting within

each stratum.

PR

et o
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B. Water District and District Customer Survey Forms

WATER DISTRICT PRELIMINARY SURVEY

As part of our research on rural water systems, we intend to study

the demand characteristics of household water usage in a rural setting.

The analysis of water demand requires data on individual rural water
user characteristics and the amount of water purchased. The data on
user characteristics can only be collected through a survey of a sample
of households served by your water district. Most households will not
likely be able to report gallons of water used per month. This informa-
tion would have to be collected from your billing records. We are
conducting this preliminary survey of rural water districts in order to
determine: 1) your interest in cooperating in a survey of individual
rural water users, and 2) the availability of information on water
purchases from your billing records. The survey of water users and

the collection of the information would involve a minimum amount of
time and expense on your part. We invite you to indicate your interest
in participating in our survey by completing the questionnaire below
and returning the preliminary survey to us in the envelope provided.
Thank you.

1. Name of Water District

2. Number of years of operation. years

3. What is the approximate size of the District? miles of lines
number of users

4. What is your principal source of water? (check one) Ground

Surface
5. Do you purchase water? (check one) Yes No
6. Are billing records on water use available at your office? (check one)
Yes No
7. Is information on gallons purchased by individual households available
at your office? (check one) Yes No
8. How often are water meters read? (check one)
Monthly Bimonthly . Other (please specify)
9. Please indicate your present water rate schedule.
Minimum bill for gal.
Next gal. for § per gal.
Next gal. for § per gal.
Next gal, for § per gal.
All over gal. for § per gal.

10. Would you be willing to assist us in this survey? Yes No
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‘Stratum
Study 476
2/83
University of Illinois
Survey Research Laboratory
Water Demand Study
Hello, may I speak to (customer or spouse)? My name is and 1 am

calling from the Survey Research Laboratory at the University of Illinois

in Urbana. We are doing a study of rural water systems and 1I'd like to
ask you just a few questioms.

1. For how many years have you been a customer of your rural water
district?

years

Don't know « o o« o « o « 98

2, Do you own or have access to another source of water?

YeS e e 8 ® 8 & ¢ ¢ o o o l

NO e & o & o o © s 8 & o 2

Yes No

3a, Do you have a dishwasher in your home? .« « o« o o o o o o & 1 2

b. Do you have a washing machine? . « ¢« ¢ o ¢ o ¢ o o ¢ o o o 1 2

c. How many bathrooms are there in your residence? . « ¢« ¢ o &

4, Do you use water purchased from your water district for . . .

Yes Mo

a. watering a lawn or garden? . . . 1 2

b. car washing? . + ¢« ¢« ¢« ¢« o ¢ & « 1 2

10711

12 °

13

1y

15

16

17
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b.

Ce

d.

6a.

b.

Ce
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Can you tell me -approximately how much your average monthly water bill was
during the summer months last year? :

$ 18—2¢"

Don't know « « « « « o 998

About how much was your average monthly water bill during the rest of last
year? ‘

$ . 21723
Don't kKnow .+ « o« o o « 998

Were your average monthly water bills the year before that-—in 1981--higher,
about the same, or lower than last years?

Higher (Skip Qe.6a) « o1

24
About same (Skip to Q.6a) 2
Lower . L ] L ] L] ° L] L ] L] * L] 3
Was that because of higher water rates in 19827
Yes [ ] L ] L ] L] L] L ] L ] L] . L] 1
25
No L ] L] L] L ] L ] L ] L] L] . . . 2
Don't kKnow « « « o« o o« o 8
On the average, how many gallons of water did you use a month during the
summer months, in 19827 :
gals. 2630
Don't know .+ « « « « 99998
About how many gallons of water did you use each month during the rest
of last year?
' gals. 31~35
Don't know .+ « « « « 99998
In 1981 d+d you use more water, less water, or about thé‘same'amount as
last year?
Mo re L ] ° o L ] L] L] L] L] L] L ] 1
_ . 38
Les S L] L] L] L] L] L] L) L] * L] 2
Same L] L] L) L] L) L] . L) L] L ] 3
Don't Know « « « « « o « 8
How much 1s your water district's minimum charge?
$ 37740

Don't know .+ « « « » 9998

Sttt
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We have just a few questions to help us analyze the results of this

8. In what year were you born?

9., Are you currently . . .

- Other? (Specify)

10. Including yourself, how many people currently live in your

lla. Do you live . . .

b. Did you sell at least $1,000 of agricultural products in 19827

study.
Employed full time, « « o o o o ¢ o o o 1
Employed part time, « « ¢ o ¢ o o o o o 2
Temporarily out of Work, o« « « o o o ¢ 3
Retired, OF 4 o ¢ ¢« « ¢ ¢« o o o ¢ o o o« &
Not usually employed? ¢ « « o« « « « o & 3
Keeping house/homemaker « « o« o o« o o o« 6
7

household?
Onafarm,........-........1

In a rural area, but not on a farm, or

(Skip to Q'14) L] L ] L ] * * * L] * L] . * L] * L ] 2
In a small town? (SKip to Q.14) « ¢« o ¢ o o 3
Yes * * . * * [ ] * * . L] * 1

No (Sk’l:p to Q-14) e o o o

12a. Do you use any water purchased from your water district for agriculture or

livestock?
Yes o o o o o o

1

No (Skip to Q.13) « o« « o+ 2

b. About what percentage of your purchased water is used for agri-

culture or livestock?

¢c. About what percentage of all the water used for agriculture and livestock

is purchased?

%

%

k1742

43

YHTYS

46

47

48

43750

51752
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13. About what percentage of your 1982 before tax household income was from
farming? (Same as "net income" for farmers.)
4 5375
l4a. In 1982, was your total household income before taxes . . .
Less than $5,0007? Yes « ¢ o o o o 1 55
Less than $10,0007? YeS o« o o o o o 2
Less than $15,0007? Yes ¢« ¢« o o o o« 3
Less than $20,0007? YesS « ¢« o o« o o 4
Less than $25,0007? Yes ¢« ¢« ¢ o o & 5
Less than $30,0007? Yes « o« o« s o o 6
No L ] L] L] L] L] L] 7
Do?l’t know L] L] L] L ] L] L] L] . [ ] L ] - L ] L] L] 8
Refused L] L] L] [ ] L] L ] L] .‘. L] L ] L ] L] L] - 9
(Record b through e below)
b, Was the 1981 total household income before taxes greater than, less than,
or about the same as the 1982 figure?
c. By about how much was it (greater/less)?
d. How about 1980 total household net income as compared to 198l--was it
greater than, less than, or about the same as 19817
e. By about how much was it (greater/less)?
.be. 1981 d. 1980
Greater............lss 1 5‘7
LESS o o o o o ¢ o ¢ o 6 a o o o' 2 7 2
About the Same « « o « « o » o » 3 (Skip to Q.14d) 3 (Skip to Q.15)
Difference e $ s8L¢, o $ or ...
% %
63~6u 70771
15a. Do you try to limit the use of water in your household?
Yes L ] L ] * e o L ] L] L] L] L ] 1
72
No (End interview) o+ o 2
b. Could you give me some examples?
73=74
75=76
7778
Thank you very much for your cooperation. 79|BK
- 20 |1
Sex of Respondent Male « « o o o 1 o
Female « o« « o 2

[——

[
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1960 Housing Unit Estimating Procedure

The 1960 Housing Unit counts, and conseqﬁently the percentage change

in housing units for 1960-1970 and 1960-1980, were derived from correlating

the household/population for 1960, 1970 and 1980 with the housing unit/

population ratio for 1970 and 1980, and then estimating what the ratio for

1960 should be according to the pattern established.

TOWNSHIP

1960 1970 1980
Housing Housing Housing

Units Units Units
Population Population Population
Households Households Households
Population Population Population

An example of how the estimation was established is as follows:

North Okaw in Coles County had a population of 1,099 in 1960,

1,011 in 1970 and 1,072 in 1980.

in 1970 was 313 and in 1980 was 347.

ing of ratios:

North
Okaw

The number of households in 1960 was

292, in 1970 was 293 and in 1980 was 334.

which gives:

1960 1970 1980
, 313 347

' 1,011 1,072
292 293 334
1,099 1,011 1,072
1960 1970 1980
? .31 .32
.27 .29 .31

The number of housing units

This leads to the following order-

(housing units)

(households)

(housing units)

(households)
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The even increase of households for the three periods of 1960,
1970 and 1980 and an evidently even increase in housing units for the
periods of 1970 and 1980 would indicate that a reasonable estimate for

1960 would be .30.

The necessity for estimation comes from a lack of information, as
housing unit counts by township were not made available until the 1970
census, and local agencies are not old enough to have gathered the in-

formation for their own studies.

)

~

ST

i
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ledgers recorded by the respective districts. The sampling procedure
and interview instrument are provided in the Appendix along with the
mail survey completed by water districts. The interviews were conducted
in the spring of 1983.

WATER RATES

Water services are generally priced following a two-part pricing
system. This simply means that the total price charged customers is
made up of a part independent of the quantity of water used and another
part directly related to demand. The first part is a service or minimum
charge and the second is a price per unit. More often several ranges of
quantity are established with the per unit price declining in each sub-
sequent quantity range or block. Presumably the declining rates reflect
declining costs of providing water. This pricing structure is associated
with most utility enterprises where, because of large fixed costs, the
systems operate at output Tevels where marginal cost is below average
cost so the receipts from marginal-cost pricing would not cover all
costs and thus the systems would operate at deficit (Hanke, 1972).

Emphasis on securing adequate revenues to meet the total cost of
water systems have led to the adoption of average-cost, not marginal-cost,
as the driving force in water rate schedules. This basis for pricing
water is argued to be more consistent with the “readiness to serve" and
the "going concern" philosophies of utility services. However, the
benefits of marginal cost pricing can be realized, in part, through the
block rate system, which by its character permits charging Tow prices
for marginal units and making up the deficit by charging higher prices
for premarginal units (Afifi and Bassie, 1969, pp. 79-88).

The first charge in the block rate pricing system is looked to
as serving several purposes: 1) to cover at least part of the fixed
costs of the water plant and distribution system, 2) to provide a stable
revenue flow and 3) to cover the customer costs of meter reading,
billing, etc. The second charge is related to the cost of providing
additional water.
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The initial charge may be either a service charge or a minimum
charge. The minimum charge is the most common approach and is used by
all of I11inois' rural water systems. The major difference between the
service and minimum charge is that with the minimum charge the customer
is entitled to a fixed minimum quantity of water whether or not it is
consumed. About 58 percent of the rural water systems in I1linois provide
1,000 gallons with the minimum charge per month and have a mean monthly
minimum charge of $9.76. These districts' minimums ranged from $6.00 to
$15.00 per month. |

A typical rural water district rate schedule is:

minimum charge  $8.50/month for 1,000 gallons

next 4,000 gallons at $3.15 per 1,000 gallons
next 5,000 gallons at $2.25 per 1,000 gallons
next 10,000 gallons at $1.75 per 1,000 gallons

all use over 20,000 gallons at $1.55 per 1,000 gallons

About 30 percent of the rural systems in I1linois provided 2,000 gallons
per month with the minimum charge. Other first blocks reported were
1,500 gallons, 3,000 gallons and 4,000 gallons.

The number of blocks ranged from two to seveh. About 22 percent
of the rural I11inois districts used a two block schedule, 13 percent a
three block schedule, 29 percent a four block schedule, and 33 percent
a five block schedule. Figure 6.1 graphically presents three example
block rate pricing schemes reported by I1linois rural water systems.
The minimum charges for the three example rate schedules are $12.00,
$8.50, and $7.00 with the first two entitling users to 1,000 gallons
of water per month and the latter schedule entitling users to 2,000
gallons. The second blocks for these schedules are 2,000 gallons, 4,000
gallons, and 1,000 gallons respectively.

About one fourth of the rural system rate schedules reported had

a 4,000 gallon second block and one fourth had a 1,000 gallon second block.

The average rate for the second block for systems entitling 1,000 gallons
with the minimum charge was $3.78 per 1,000 gallons. For all systems
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reporting, the average rate for the second block was $3.70 per 1,000
gallons of water. From a user's perspective, tne rate schedule
traces the water supply faced in making consumption choices. For
example, considering the first schedule in Figure 6.1, if a consumer
were to purchase 4,500 gallons of water, the marginal charge or price
for the last 1,000 gallons is $4.50. By choosing to consume 5,500
gallons rather than 4,500, the marginal price declines to $4.00 per
1,000 gailons. In general, the two-part pricing structure results in
lower marginal and average prices as water use increases.

For the 27 rural water systems in I11linois with a thousand
gallons of water associated with the minimum charge, the average price
per 1,000 gallons is presented in Table 6.1 for monthly consumption
levels of 1,000, 2,000, 4,000, 6,000, and 8,000 gallons. For the 27
districts in this sample, the average price per 1,000 gallons declines
from $10.24 to $4.05. As the minimum charge is spread over more gallons,

Table 6.1

Average Price Per 1,000 Gallons of Water
by Number of Users in District*

Number of Average Average Price Per 1,000 Gallons For Ngmbe( of
Customers Minimum 5 400 gal. 4,000 Gal. 6,000 Gal. 8,000 Gal. DiStricts
Charge
Less than 199 §$7.65 $5.77 $4.45 $3.59 $3.23 6
200-399 10.77 7.73 . 5.32 4.56 4.17 14
400-799 10.83 7.76 6.55 6.06 5.80 3
800 and More 10.13: 6.60 4,84 4.00 3.57 4
Full Sample 10.24 7.13 5.19 4.43 4.05 27

~* Average for 27 districts with 1,000 gallon minimums.

the reduction in the average per unit price becomes smaller. Average prices
are also presented by size of water district measured by number of users.
Except for the 800 and more category, average per unit price increases as





