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ABSTRACT OF THESIS

The Search For Water: Sdf-Supply Strategies
in A Rural Appalachian Neighborhood

An investigation of a 31.5 square-mile area of Rockcastle County, Kentucky, evaluated water-supply
strategies of arura population where a public water system was lacking. The study areais located aong the
western edge of the Eastern Kentucky mountains.

The research was conducted using quditative methodologies including participant observation,
interviews, and key informants. Representatives from 51 percent of householdsin the study area participated
in the investigation. Water-supply sources included rain water collection systems, wells, natural springs,
purchase of water from vendors, purchase of bottled water and transport of water from local springs.

Water supply practices were complex and many households used multiple sources. Source choice was
dictated by individual perceptions of relative accessbility, qudity and reliability. Spring water was perceived
by most respondents as best and public system water as poorest. Sources considered best were favored for
drinking water. Households having on-site sources perceived as inferior or inadequate transported
supplementary water from elsewhere. Households with sources perceived as reliable and good quality were
resistant to obtaining public water service, whereas households having poor supplies were very willing to
connect, even a high cost. Understanding existing patterns of supply and beliefs concerning water can assist
in regiona water-supply planning.
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Chapter

Introduction

Scope

This investigation focuses upon the strategies through which individual inhabitants of a dispersed rural
Appalachian neighborhood in southeastern Kentucky, lacking a community-based water utility, provide
themselves with water. The study examines the strategies used in the context of types of local water
resources available to households, and examines perceptions held by the population concerning various
sources of water supply. Behavior and perceptions related to the water-supply of residents of the study area
were investigated using qualitative methodologies.

Water supply is one of the critical determinants in development and maintenance of human society.
Water directly supports human life through consumption and use in food preparation, and in addition, it is
basic to nearly all of the functions of civilization, from agriculture to manufacturing.

Access to an adequate and safe supply of water for domestic and industrial use is often taken for granted
in much of the developed world. This attitude overlooks both historical and cultural perspectives. Processed
and treated water piped into homes and businesses is, first, a relatively recent innovation, and second, is not
currently available to a significant portion of the global population. According to estimates by the World
Health Organization, 26 percent of the global urban population and 67 percent of the rural population does
not have access to a public water system (WHO 1984). Inhabitants of regions where water infrastructure is
lacking must secure water from sources on their own place of residence or transport it from somewhere else.

Much of the research concerning self-supplied water users has focused on developing nations, where the
self-supplied population may consist of both urban and rural residents. Self-supplied households in
developed nations, however, are primarily rural. There are, today, rural regions within the United States that
resemble Third World countries in the lack of water-supply infrastructure.  While infrastructure
improvements such as electricity and improved roads have long been present in rural America, public water
system development has lagged. This issue is being increasingly addressed by planners, yet 16 percent of the
United States population remains self-supplied (U.S. Census, 1990). Urban or rural, in Kenya or Kentucky,
self-supplied households must make independent decisions and choices regarding water supply alternatives.

The absence of a piped public water system forces rural inhabitants to develop household water supplies
from local sources, despite any deficiencies in volume or quality. Some domestic supplies may serve single
households, whereas others may support a group of dwellings or even a small informal community. Water
sources may be free-flowing or impounded surface streams, natural lakes and ponds, rainfall catchment
systems, or ground water from wells and springs. Where exploitable sources are not available locally or are
not potable, residents may travel long distances to secure water or may purchase water from others. When
available, residents choose among alternatives to provide themselves with a source that is considered to be
most suitable.

For much of the world, ground water resources are used to supply both public and individual water
systems. In the United States, ground water is the single most important source, comprising 56 percent of the
drinking water supply for the entire population, whether supplied by public systems or self-supplied.
Similarly, ground water is an important water resource in Kentucky; approximately 34 percent (1.1 million)
of the inhabitants of Kentucky rely upon ground water sources (Solley et al, 1988). Ground water resources
are of particular significance for the Appalachian counties of eastern Kentucky. According to statistics
collected for this region by the Kentucky Division of Water and the U.S. Geological Survey (Sholar and Lee,
1988), ground water obtained from wells and springs is used by numerous public water suppliers and
industrial users, and is the source for more than 90 percent of rural self-supplied domestic water users.

The characteristics of any given water supply that are of most significance to both individuals and
communities are accessibility, quality and reliability. These characteristics are not absolutes, but vary in their
application according to preconceived perceptions held by individuals. These perceptions derive in part from
the values and traditions of the culture or subculture in which the individual is embedded and are further
influenced by personal experience.



Water supply planning, in regions that have not previously had access to public supply systems, has
generally been conducted using rather simplistic assumptions concerning household water demand. How
residents have traditionally obtained water, how choices are made among differing sources, how water is used
and in what guantities, and what determines affordability of public water system connections are questions
that are usually mysteries to planners.

This investigation, in using qualitative methodologies, does not purport to derive theory nor to develop
predictive models concerning individual water supply based upon the findings in the study area. The specific
details of water-supply sources available and strategies used by self-supplied persons are dependent upon a
complex interaction of physical, social and psychological factors that vary widely from one local to another.
Accordingly, the value of a study such as this may abide more in what it suggests than what it actually
discovers: that individual water-supply practices are far more complex than can be accounted for in models
and theories. Site-specific investigations of particular areas where expansion of public water systems is
intended are far more likely to address the needs of the population than are textbook engineering solutions.

An improved understanding of the perceptions and behavior of self-supplied water users can aid in more
effective planning of local water systems. Site-specific studies may help public agencies and water utilities to
pinpoint areas where water supplies are marginal and extension of public supplies would be most needed.
Investigations of this nature can provide insight into strategies people in remote areas adopt to secure water.
Discovery of water- use strategies and an increased understanding of why certain sources are chosen among
various alternatives can help assess water resources of greatest potential utility. Furthermore, such studies
can provide information useful in land use planning to avoid contamination of existing or potential water
supplies. Finally, increased understanding of the individual and group perceptions and motivations pertaining
to water acquisition can aid planners in overcoming resistance to public system expansion.

The Study Area

The 31.5 square-mile area comprising the study area for this research is located in northeastern
Rockecastle County, Kentucky, and includes a small strip of bordering Jackson County. This region in the
Appalachian foothills of Eastern Kentucky, situated along the Cumberland Escarpment, is characterized by
extensive karst development in a thick limestone strata capped by sandstone and underlain by shale and
shaley limestone. The Karstic nature of the landscape is most readily observable in the presence of numerous
natural springs and cave openings. The primary land use classification in this rural area is forest, with limited
agricultural practice.

During the initial period of investigation, inhabitants of the study area did not have access to a public
water supply and were wholly self-supplied. The study area was chosen for two reasons: (1) the researcher is
intimately familiar with the area; and (2) a preliminary investigation conducted in 1991 (O'Dell 1992)
suggested that water supply was a problem for many residents and a wide variety of strategies were used to
obtain water.

The investigation used a wide variety of qualitative methods to ascertain user perceptions and behavior,
including interviews, participant observation, key informants, photodocumentation, public records and local
newspapers. The group of local residents interviewed for the study consisted of adult representatives of 107
households in the study area, or 51 percent of the total occupied households. Other persons, knowledgeable
of water usage practices in the region, were also interviewed. Water line construction began in the study area
during the investigation, but no households were connected until after the initial set of interviews had been
completed. The field investigation period lasted 20 months, from March 1994 until October 1995.

The completion of community water lines into the study area, a construction project that began shortly
after initiation of the research, should provide fertile ground for future researchers to investigate changes in
user perceptions and behavior resulting from the transition.

Primary Research Questions
The initial research questions to be investigated were suggested by preliminary work reported in O'Dell
(1992) and by the additional review of literature discussed in the following chapter:



1. What are the water-supply sources and strategies used by the population
studied?

2. What influence do factors of actual or perceived accessibility, quality,
and reliability have upon choice of water supply source used? What other
factors are relevant to the decision-making process?

3. Does the relative abundance or scarcity of water in an area affect the
water-supply behavior of residents?

4. What factors operate to promote acceptance of or resistance to
connection to public water systems?

Additional areas of investigation concerning water supply were indicated by discoveries made during the
months of field work. Some of these areas could be integrated into the ongoing research and are discussed at
appropriate points in the text. Other lines of inquiry could not be addressed during this study and remain for
future researchers to pursue. Several of these suggestions for future investigation are discussed in the
concluding chapter.

Definitions of Key Terms

In order to facilitate an understanding of the research presented here, it is necessary to provide a
glossary of some of the key terms used throughout the text. Additional terms, not listed here, are defined in
the text where first used.

"City" water is a colloquial expression, often used by residents of the study area, to refer to processed
water supplied by a public water system. In the text, this term is often used interchangeably with "public
water supply" (see below).

Domestic water use, according to the U.S. Geological Survey (USGS) (Sholar and Lee 1988,vii) is that
"used for normal household purposes, such as drinking, food preparation, bathing, washing clothes and
dishes, flushing toilets, and watering lawns and gardens.”" In this investigation, domestic water-use activities
are grouped into two classes, "drinking water" and "bulk supply.” Drinking water constitutes the smallest
quantity used for most households and includes that used in food preparation. Bulk water supports activities
requiring relatively large quantities, such as bathing, washing clothes and dishes, flushing toilets, and
watering lawns and gardens. Non-domestic water uses, such as in manufacturing, power generation, and
agriculture, are not relevant to the present study.

Multiple-source household is one that uses two or more sources for domestic water needs. The sources
may be used for an additive effect without differentiation, or may be segregated for specific uses. For
example, one source may be used exclusively for drinking water and another for bulk purposes.

Off-site water sources are those located separate from the user's property and must be transported by some
means to the point of usage.

On-site water sources refers to those water sources, actual or potential, which exist on property controlled,
through ownership or lease, by the resident of that same property.

Public water supply is defined by Sholar and Lee (1988,viii) as a system where "water is withdrawn by
public and private water suppliers and delivered to users who do not supply their own water. Public water
suppliers provide for domestic, commercial, industrial and public water use."  "Delivery" here means
conveyance through a system of pipes. As used in this investigation, the term is given a narrower scope than
that of the USGS definition. The modified definition limits public-supply systems to those that deliver water
through pipes directly to the household of the water user.

Public water systems are defined by federal and state regulations to be only those systems exceeding a
specified minimum number of connections and users (see discussion under “"Regulatory Framework," below).

Self-supplied household is "a household that withdraws water from a surface or ground water source by a
user and not obtained from a public supply. (Sholar and Lee, viii). In this study, self-supply includes not only
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use of water from sources on-site but also that conveyed from off-site (either by a resident of the household or
by some other person). Water transported by the user, or by a water vendor, from a public supply located
away from the residential premises is also considered to be self-supply.

In the United States, most self-supply systems serve single rather than multiple households. Frequently,
however, self-supply may include loosely knit and geographically separate neighborhood groups that are
directly supplied through a system of pipes from a common source. These are not, however, considered
public systems because fees for usage are not charged by persons controlling the source. A key
differentiation between public supply and self-supply, when considering multiple users of the same system, is
that the public system implies a formal structure operated or regulated by government, whereas self-supply is
an informal arrangement among the users themselves. In the United States, when these informal systems
reach a certain size, they fall under regulatory authority and become public systems.

A sole-source household is one that uses only a single source of water for all household needs, regardless
whether or not there are other potential sources available to the household.

Regulatory Framework

Public water supply systems in the United States are strictly regulated under the provisions of the National
Primary Drinking Water Regulations (NPDWR), first authorized under the Safe Drinking Water Act
(SDWA) of 1974, and administered by the U.S. Environmental Protection Agency (EPA). Individual self-
supplied water systems are not regulated. The SDWA regulations apply, hierarchically, only to systems that
serve populations greater than specified limits. Definitions used by federal and state law to define public and
non-public systems are not used as a basis for the present investigation, but are discussed to present an
assessment of the scope and gradations of public water supply regulation.

The NPDWR define a public water supply as one that has at least 15 service connections and provides
water for at least 25 individuals during at least 60 days of the year (NPDWR 1992). A public water system
may be either a community system or a non-community system.

Community systems provide water to the same population year-round (NPDWR 1992). Although this
class includes large municipal water supplies, both publicly and privately operated, most community water
supply systems in the United States are small systems; nearly 90 percent of the 57,000 community systems
each serve less than 3,300 people. One-third of all systems serve less than 100 persons (EPA 1995). Twenty
percent, or more than 10,000 such systems serve unincorporated clusters of homes, including mobile home
parks and homeowner associations. According to the EPA (1995) report:

Current safety standards and water system practices are often difficult to
tailor to these various types of small systems....many of these systems may
lack the financial, managerial, and technical capability necessary to ensure
safe, affordable, and high quality service (p. 15).

Collectively these small systems serve about ten percent of the U.S. population.

Non-community systems are classed as to whether the population is transient or non-transient. A transient
non-community system serves a transitory population in non-residential areas such as campgrounds, motels,
and restaurants. Non-transient non-community systems are those that have 25 of the same people for at least
60 days of the year (NPDWR 1992).

At present, nearly 200,000 public water supply systems are subject to regulation under NPDWR (EPA
1995). Individual states have been given primacy to implement and enforce these regulations under the
auspices of the EPA. States must enforce the minimum provisions of the NPDWA, but may, at their
discretion create more stringent rules. In at least one respect, Kentucky regulations are stricter than federal
regulations. Kentucky regulations recognize smaller systems as public supplies, by defining "semi-public
water systems" as those that serve as few as 15 persons or have at least three service connections. These
systems have less demanding regulatory requirements than public systems, but still must meet certain
standards.



In summary, both Federal and Kentucky law exclude the individual, one- or two-household water system
from regulation. For governmental authority, there is a defined lower limit, below which a system does not
qualify as public. Kentucky addresses much smaller units than does the national SDWA, so that many
informal, group water systems in rural areas of the state potentially could be obliged to meet treatment and
monitoring regulatory requirements.

Federal law provides a loophole by which these informal water systems escape regulation, in that those
which do not sell water are specifically excluded from coverage under law. For example, if a group of rural
householders are sharing a supply in common and the owner of the water source is not charging a fee, then it
is not considered a public system. In most cases, laws and regulations generally do not apply when the issue
concerns only the health of an individual. A citizen is free under law to do much as he/she wishes on their
own property, with one major qualifier: when the actions of that individual threaten the health or rights of
others then civil authority must interfere. In other words, a person has the right to utilize any water source on
his/her own property, even to knowingly drinking contaminated water. Civil authority may strongly urge the
citizen to behave in a certain way, but may not exercise that authority provided there is no hazard to others.
Should the person supply, knowingly or not, contaminated water to other persons, then it becomes a matter
for regulatory authority.

By regulatory definitions, therefore, the water supplies of many Americans are excluded from
consideration under the law. Many rural water systems serve single households and are not regulated. There
are also rural systems that provide water to a sufficient number of people that ordinarily they would be
regulated, but, being informal creations of local residents, have not come to the attention of officials. In
effect, they have "fallen through the cracks™ in enforcement.

By regulation, Kentucky includes such systems if they otherwise meet the magnitude requirements of
population served or service connections. State officials generally do not interfere with such systems unless
there is a specific reason to do so. Purportedly, the rationale behind this selective enforcement is threefold:
(1) small private systems are very difficult to identify in the general population; (2) there are insufficient
agency personnel to cope with the addition of many thousands of tiny water systems to the work-load; and (3)
for most households served by such systems, there simply are no feasible alternatives at present (anonymous
Kentucky Division of Water official, interview 1995).



Chapter 2

Pertinent Literature

The literature concerning water resources consists in large part of technical publications dealing with
regional or local water resources, hydrogeology or water chemistry. To a lesser extent research focuses upon
behavioral aspects of water usage, most dealing with urban populations. Subject populations are generally
either urban poor in developing countries, where cities often lack adequate water infrastructure, or urban
residents in developed nations where water supplies are under increasing stress from population and industrial
growth. Studies that focus exclusively upon the behavior of rural self-supplied households are relatively rare
in the literature, and are usually concern villagers in developing countries. The water supply behavior of rural
dwellers in the United States, with few exceptions, has been largely ignored.

The existing relevant literature reviewed by the investigator is discussed below using an outline that
approximates the structural divisions of the present work. The divisions of the review are:

The extent of self-supply in the region of the study area
Potential water sources available to self-supplied peoples
The spring water mystique

Factors affecting choice among alternatives

Water usage practices

Willingness to connect to public water systems

BN .

The extent of self-supply in the region of the study area

According to the 1990 U.S. Census of Population and Housing, 84.2 percent of American households
were connected to a public system; accordingly, nearly 16 percent of the population was self-supplied.
Nearly 20 percent of Kentucky households were self-supplied at the time of the census.

In Rockcastle County, Kentucky, where the study area is primarily located, 22 percent of the population
was self-supplied; in adjacent Jackson County, which includes a narrow strip of the study area, 34 percent
was self-supplied. Within Rockcastle County, the boundaries of the study area are the same as those of the
northern half of U.S. 1990 Census tract 9504. The reported extent of self-supplied households for this census
tract was 48 percent. For the study area alone, self-supply at the time of the investigation was undertaken by
100 percent of the population, as no public water supply lines extended into the study area.

These figures reflect, in focusing from the general population to the specific area of interest, an increasing
rurality and lack of water-supply infrastructure

Water sources available to self-supplied people

In reporting the sources of water used by American households, the most recent U.S. census (1990)
provided only four categories: public system (public or private ownership), drilled well, dug well, and
"other." This "other" represents many additional source types and often complex behaviors by persons in
households lacking connection to a public water supply system. In order to anticipate some of the forms of
water self-supply that might be found in the Rockcastle County study area, it was necessary to turn to
literature resources other than the census.

Several significant investigations concerning water self-supply have been conducted in the developing
world, where many households, even in urban areas, do not have connections to public supply systems.
These investigations are relevant to the current study in providing an assessment of the many possible sources
and strategies by which people obtain water for domestic needs. A seminal work in this genre is that by
White, Bradley and White (1972), who conducted a study of water use in sections of the East African nations
of Kenya, Tanzania, and Uganda. Nearly nine out of ten households in this investigation were self-supplied,
relying on wells, natural springs, open ponds, streams, rooftop rainwater collection, public fountains or
standpipes for domestic water needs.

Reporting on water-supply behavior in a village in Kenya, Whittington, Mu and Roche (1990) found that
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villagers in the sample population used kiosks (62%), vendors (25%) and open wells (13%). The kiosks in
this study, run by licensed operators, were connected to a piped public water system that served only the local
beach hotels; water was sold to area residents who provided their own containers. Vendors also purchased
water from the kiosks and resold it to the inhabitants, transporting it by large cart or bicycle in 20-liter
jerrycans. Other water supply sources mentioned by the authors, used elsewhere in the region, were yard taps
and public fountains. In another study, Whittington, Lauria and Mu (1991) noted that purchase from vendors
was the most frequent form of water supply for residents of Onitsha, Nigeria.

These reports from the developing world indicate some of the many possible ways by which self-supplied
households may obtain water. In turning to investigations of self-supplied households in Kentucky, it is
apparent that water-supply strategies elsewhere in the world have analogues here.

Money (1966) conducted a study of rural water supply in Kentucky, by mailing questionnaires to
residents of 20 water districts across the state and to residents of similar adjacent areas not served by public
water supplies. He found that wells were the most frequently used supply source, but that springs and rain
water collection systems were also used.

Rosenstiel (1970) conducted a study in an unidentified rural northern Kentucky county, examining the
characteristics of a sample of 39 purchasers of hauled water from a local water vendor. All respondents in the
sample collected rainwater in cisterns and supplemented this source when necessary by water purchase.
Alternative sources such as springs or wells were not used by households in the sample, reportedly due to
unreliability and to an undesirably high mineral content in well water.

In 1991 and 1992 the Kentucky Geological Survey produced a series of water supply studies for sections
of three southeastern Kentucky counties: Whitley, Pike and Harlan. These studies reported both primary
water supply source and alternate water sources for the households in the groups studied. Domestic water
supplies in these areas were entirely self-supplied, from wells, springs, and mine adits (present or former
openings of deep coal mines) (Conrad, Keagy and Kipp 1991; Conrad et al 1991, 1992).

O'Dell (1992) conducted a preliminary study of water supply and use in portions of the Crooked Creek
drainage basin of Rockcastle County during summer 1991. The area investigated included a portion of the
study area with which the present paper is concerned. Seventy-five water sources, wells and natural springs,
were identified, of which 33 were used as household supplies and four were classified as "public access".
Public access springs were defined as those situated conveniently near roadways and used by a varied number
of local persons in transit, either for temporary refreshment or for drinking water hauled away in containers.
The type of water supply used as a domestic source depended primarily upon the household's geologic
setting. Springs were frequently used in limestone valleys but generally only wells were available as on-site
water sources for the more densely populated sandstone ridges. The study was concerned only with ground
water sources and did not consider alternative means of supply.

From these sources in the literature, it was apparent that there are a great many possible ways by which a
self-supplied household can obtain water. The outline below summarizes the sources and the forms in which
they may be used:

Primary Sources
(may be present on property controlled by user or transported from elsewhere)
1. Free-flowing surface streams
2. Impoundments of surface water (lakes, ponds)
3. Rain water collection
4. Wells, drilled or dug
5. Natural springs/mine adits

Secondary Sources
(may be derived from any of above, and may include water
from a public supply system)
1. Purchase, conveyed through pipes from seller to buyer
2. Purchase, delivered by vendor in containers
3. Purchase, transported by user



a. user provides container
b. seller provides container (bottled water)

Forms of Supply
1. Unmodified natural source (surface stream, pond, lake, spring)
2. User-modified source (rain water collection, well, stream impoundment, spring)
3. Supplier-modified source (public well or fountain, standpipe, yard tap, kiosk,
bottled water, piped individual public system connection)

Any or all of the sources and forms of supply listed above might, in theory, be found in the Rockcastle
County study area. One of the objectives of the investigation was to discover which of these sources and
forms were used, and hence to illuminate the hidden nature of the "other" reported by the U.S. 1990 Census.

Water resources that may be available to a particular region are largely controlled by two factors: (1) the
extent of local infrastructure development, and (2) local geology, topography and climate. Local
infrastructure development determines whether or not public supply systems are present or not and in what
form access to such systems is available. Secondly, physical features of the natural landscape such as the
types and thickness of underlying rock strata, surface landforms and fluvial development, and the general
climatic conditions of the region strongly influence the types and amount of water resources available and
how they may be exploited. For example, the local or regional water table may be at such great depth as to
preclude access to ground water resources except through great effort and expense. In a study of folk
practices in the karst region of which the study area is a part, White (unpublished) noted that topographic and
geologic factors produced a zonal effect in the distribution of springs and wet caves from which local
residents obtained water.

The United States Geological Survey (USGS) has, as an agency, conducted or sponsored many water
supply investigations through the many decades of its existence. Numerous reports characterize water
resources for regions throughout the United States. Such reports are generally written by geologists and are
concerned with water availability and quality. These evaluations are often made in the context of the potential
vulnerability of water resources. Water resource reports provide a useful overview of potential water supply
sources in a region.

Only water resource reports that included the region of the study area in Rockcastle County were
examined in this review of the literature. Of particular value were the reports by Leist, et al (1982), Rima and
Mull (1980) and Price, Mull and Kilburn (1962). The relevant portions of these works are discussed in some
detail in Chapter Four.

Various agencies and organizations in the United States have published manuals, intended for use by rural
residents, concerning development and maintenance of water supply sources such as wells, springs, and
cisterns. Such publications, often no more than a dozen or so pages, represent conventional wisdom and
practical application for providing a water supply to farm or rural home. Many such manuals give
considerable detail on installation of water system components including pumps, pipes, filtration and power
supply.

Among public agencies providing information to the self-supplied rural water user are the Agricultural
Stabilization and Conservation Service (ASCS), the Natural Resources and Soil Conservation Service
(NRSCS, formerly the Soil Conservation Service, SCS), USDA Cooperative Extension Service (in
conjunction with land-grant universities), and state environmental and health agencies. An example of a non-
government organization (NGO) in Kentucky that provides somewhat similar services is Appalachia -
Science in the Public Interest (ASPI). This activist organization, headquartered in Rockcastle County,
distributes numerous alternative technology publications aimed at the rural resident. Several of these agency
and NGO publications are referred to elsewhere in this paper and are listed in the bibliography. Lengthier
works dealing with individual water supplies include the Manual of Individual and Non-Public Water Supply
Systems (EPA 1991) and Planning for an Individual Water System (American Association for Vocational
Instructional Materials 1982).



The spring water mystique

According to the partial survey of water supplies made by O'Dell (1992), natural limestone springs
constitute a widely used water supply source in the study area where they occur. Historical references
extolling the virtues of springs and spring water are multitudinous. In antiquity, Aristotle wrote of the
necessity of good springs in city planning (Politics VI, x. 2-3). In a later era, spas and health resorts were
established and thrived at certain mineral springs in Europe and America, catering to a numerous clientele
who wished to take advantage of the supposedly healthful and curative effects (Back, Landa, and Meeks
1995; Baird, N.D. 1974; Coleman, J.W. 1947). Back, Landa and Meeks (1995) attribute the development of
the science of chemistry largely to efforts by such pioneering researchers as Priestley and Lavoisier to
synthesize the characteristics of waters from famous mineral springs.

Springs played an important role in the settlement of North America, for wherever a fine spring watered
the land, a settler promptly laid claim to it. This was particularly true in Kentucky (O'Dell 1993a; O'Malley
1989; Wooley 1975). Many of these stations and settlements, founded at springs, grew into modern towns
and cities (O'Dell 1993b).

From these antecedents developed a widespread perception of "spring water" as being somehow more
pure and healthful than water from other sources, a notion that persists today despite evidence that
groundwater is as susceptible to contamination as surface water. According to the Roper survey (1993), 45
percent of Americans believed that underground water was always cleaner than surface water (p. 25,30, and
appendix); similarly, 4 of 10 respondents to the Hurd survey (1993) believed that bottled water is "safer and
healthier for you" than tap water (p. 118). Although these are not majority opinions, they certainly represent
a large number of persons. Robertson and Edberg (1992) observed that many bottled water products are
labeled with terms such as "pure springwater,” "mountain spring water,” and "natural spring water,"
suggesting that spring waters have connotations of consistent high quality, taste and healthfulness.

Between 1976 and 1986 there was a fourfold increase in the per capita consumption of bottled water (van
der Leeden, Troise and Todd 1991, 339). Studlick and Bain (1980) noted that the present boom in bottled
spring water sales in the United States began in the 1970s with increased imports from Europe, where such
waters had long been popular. Certain American alcoholic beverage companies, such as the makers of Jack
Daniels whiskey and Coors beer, today extol the virtues of spring water used in the manufacture of their
products.

According to the Hurd consumer attitude survey (1993), nearly half of all American adults surveyed
(43%) reported drinking bottled water at least some of the time, although less than one in ten (8%) said they
drank only bottled water. One-third of respondents drank bottled water because they were concerned about
the health and safety of their tap water, and another third used bottled water as a substitute for soft drinks,
coffee and other beverages. Bottled water use was highest in central cities, the Northeast and the West. The
Hurd survey found that the use of bottled water was substantially less in rural regions. When comparing
urban and rural regions, rural residents were less concerned about health and safety and more likely to cite
substitution for other beverages.

These surveys primarily reflected the viewpoints of consumers of public water supplies. Whereas
national surveys tend to generalize wells and springs together as "ground water" or "underground water," in
rural areas where residents may have used such sources for generations distinct differences might be
perceived.

The typical American consumer does not have ready access to spring water except in its commercial,
bottled form; in the study area, springs are abundant. Residents of the study area thereby potentially have
access to spring water in two forms, issuing from the native rocks and available in local stores in commercial
packaging. One of the objects of the investigation was to determine whether perceptions of study area
residents concerning the "spring water mystique" reflect those of consumers in the general American
population, or whether alternative sources might be preferred for drinking water.

Factors affecting choice among options
One of the primary purposes of the White, Bradley and White (1972) study was to discover the conditions
in which choices are made among theoretically possible water sources, "discerning those factors in culture,
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social organization, and natural conditions which affect the choice individual households make of the amount
of water they use and of the sources to which they go™ (p. 15). To evaluate the process by which choice of
source was made, the authors evaluated several decision-making models and employed one that:

views the water user as a person who perceives the choices open to her with
varying degrees of accuracy and who judges according to her own
perception of the quality of the source, the technical means available to her
in drawing on the source, the expected returns and costs, and the interaction
with other people which such use involves. The emphasis is upon the user's
individual perception of the situation, as distinct from its definition by
scientists or government officials....Each valuation is seen as representing a
personal preference which is conditioned by the customary behavior of the
culture and encouraged or discouraged by whatever formal social action is
taken by the society (p 227).

The user is more influenced by what he or she perceives as the healthful qualities and accessibility of a
source than by cost or convenience. Perceptions were highly individual: "What one user would consider
acceptable, another might reject” (p. 238). In addition, the study found that users consistently underestimated
the number of alternative water supply sources that were available to them.

Whittington and Mu, and Roche's (1990) analysis of water use in the village of Ukunda, Kenya, indicated
that households that purchased water from vendors placed a higher value on their time. For those not
purchasing from vendors, collection time per liter was less for open wells than for kiosks and thus wells were
preferred sources.

Reliability was noted as a major determinant factor in source choice by Altaf, Jamal, and Whittington
(1992) in their study of water use in the Punjab, Pakistan. Individuals in the study were quite willing to pay
significantly more for a reliable system, demonstrated by household investment in multiple water systems,
hand pumps, piped connections, and electric motors. Similarly, McPhail (1994) concluded that, to residents
of Tunis, Tunisia, perceptions of the reliability of the potential water supply source was a significant factor in
choosing among alternatives.

O'Dell (1992) inventoried all potential ground water supply sources, springs and wells, in a part of the
present Rockcastle County study area. The inventory was conducted in a section where springs were
plentiful and residents often had multiple choices of water supply source. He concluded that those springs
not used as domestic supplies had specific characteristics that discouraged exploitation. Among the negative
features he identified for these unused springs were seasonality of flow (unreliability); water quality
problems; difficulty of access due to terrain; or location in areas where there were no residents.

In summary, the major factors related to choice of water supply source described in the literature include:

1) Accessibility
Physical accessibility
Economic accessibility
Convenience/time expenditures

2) Quality

3) Reliability

Other factors, attributed less significance but still relevant, included technological considerations and the
potential for social interaction at particular sources.

Accessibility in this context is an indication not only of the ability to obtain water from a particular source,
but the ability to obtain water efficiently. Accessibility may be influenced by physical, economic and social
incentives or restraints. A potential source may be physically very difficult to reach due to intervening
rugged terrain, or may be situated at such a great distance from the intended point of use as to preclude
exploitation save at great expense in labor and resources. This applies whether water is to be hauled or piped
from the source under consideration.
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The concept of water rights is important in regard to accessibility. Ownership of land conveys the right to
use water resources originating on or flowing across the property, but does not convey ownership of the water
itself. Under riparian doctrine, only persons owning land on natural watercourses possess riparian rights, or
the right to divert water to their own use. Riparian rights do not apply to ground water, diffuse surface water,
or artificial water bodies. Riparian doctrine is in effect in all states east of the Mississippi River except
Muississippi, and to the west in Arkansas, lowa and Missouri. The "reasonable use" rule is applied; reasonable
use is defined as use that does not interfere with the rights of other riparians on the watercourse (Goldfarb
1988,10-11,21-31).

Surface water use in Kentucky is governed by riparian rights, but riparianism does not apply to ground
water from springs and wells. Part of the difficulty in establishing water law for ground water users has been
that ground water flow characteristics have not been well-known. Different states allocate ground water
rights under differing legal conceptualizations. In Kentucky, the theory of reasonable use applies to ground
water use. Landowners may withdraw ground water for any purpose to the extent that they exercise their
rights reasonably with regard to the similar rights of others (van der Leeden, Troise, and Todd 1991,725).
Kentucky law requires that users of more than 10,000 gallons per day (gpd) obtain a water withdrawal permit.
Since this quantity is far in excess of domestic usage, rural households need not obtain such a permit.

Thus, in essence, property ownership conveys the right to use ground water thereon. The rights of non-
owners may be conveyed by deed to a particular water source, if those involved feel the necessity of
formalizing the relationships, or otherwise may be maintained in an informal understanding. Conversely,
rights of access to water sources can be denied to others by the property owner.

Cost can be a significant barrier to water supply access. McPhail (1994), in a study of an urban
population in Tunis, Tunisia, concluded that the primary barrier preventing many households from obtaining
service from the public water system was the relatively high one-time connection fee. Cost may also be a
factor in determining choice of self-supply sources. Certain sources may be eliminated from consideration
because the household lacks the financial means to exploit them. For example, installation of a drilled well in
the United States may cost several thousand dollars, a sum frequently beyond the ability of poor households
to pay. The lack of capital may force residents to choose options that are less desirable.

Perception of water quality was identified by several investigators as one of the significant factors
affecting choice of water source, when alternatives exist. Altaf, Jamal, and Whittington (1992) noted a
distinction between the use of water as an end-product, a commodity required for direct uses such as drinking
and cooking, and water-based amenities such as indoor plumbing, showers and flush toilets. Self-supplied
users do not always have alternate options. The cost of changing to another water supply source may be
beyond the means of the user, or the only alternative sources may not be of good quality. According to
Money's (1966) study comparing selected areas in Kentucky supplied by public systems to areas where
residents obtain water through self-supply, 35 percent of self-supplied respondents reported water quality
problems.

Studies of water use and water quality were conducted by the Kentucky Geological Survey in 1991 and
1992 for three counties in southeastern Kentucky: Whitley, Pike, and Harlan. Domestic water supplies in
these areas were entirely self-supplied, from wells, springs, and mine adits. Private water supplies in each
area were surveyed and residents were interviewed concerning perceived water quantity, quality and changes
in each that may have occurred during the period of residence. Objectionable water taste, odor, or color were
reported by 50 to 70 percent of the households (Conrad, Keagy and Kipp 1991; Conrad et al 1991, 1992).

Money (1966) noted that in areas served by water districts, local supply sources such as springs, wells and
rainwater collection systems formerly used for household purposes before piped water became available were
shifted to secondary, non-household usage such as livestock watering.

The objectives of Money's study of rural water supply in Kentucky included an inventory and analysis of
differences in rural water sources, uses, reliability and amounts used in typically selected rural communities
in Kentucky. He concluded that individual self-supplied systems varied considerably in the ability to provide
an adequate supply of water throughout the year. Wells were the most frequently used supply source. Wells
and cisterns were considered to be the most reliable individual supply sources and springs were the least
reliable.
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Water usage practices

Although, as indicated earlier in this chapter, there are only a certain number of water supply source types,
the combinations of ways and means by which these sources are used can be varied and complex.
Whittington, Mu and Roche (1990) noted that individuals may obtain drinking and cooking water from
different sources than those they use for bathing or laundry. Seasonal variations in water abundance may
force change of source. For example, villagers in a small Somalian village obtain water from nearby ponds
during the rainy season, but must travel to distant wells in the dry season when the ponds dry up (Roark
1984,52-53). Water scarcity may promote use of two or more sources simultaneously even when the
intended end use is the same. Rosenstiel's (1970) study concerned a group of Kentucky households where
rain water collection was supplemented by purchasing water from vendors when rainfall was inadequate.
Some researchers reported that the subjects of their investigations tended to use only one source (Whittington,
Mu and Roche 1990; Money 1966). White, Bradley and White (1972) and Altaf, Jamal, and Whittington
(1992) noted instances of both sole-source and multiple source usage.

A single source may be shared in common by users: a river, spring, well or other source may have the
status of community property or be favored by a particular group of persons. White (unpublished) recorded
his observations of group sharing of the water from springs and spring caves in the region that includes the
study area. White, Bradley and White (1972) observed that usually group use of a water resource engendered
a sense of group responsibility toward its care and maintenance.

In many cases, self-supplied households do not have an adequate water source at the residence and must
either transport water from elsewhere or purchase from vendors. The Whittington, Lauria and Mu (1991)
study of water vending in the large city of Onitsha, Nigeria, provides one of the most detailed analyses of this
form of water supply. The public water supply in this city was unable to supply the majority of citizens and
most of the demand was filled by private enterprise. Most households obtained their water from unionized
water vendors, who operated a fleet of at least 275 tanker trucks supplied from wells in the city. These trucks
did not have routes or regular customers, but drove around the city looking for customers. Many households
possessing water storage facilities subsequently resold water, purchased from these trucks, in smaller
amounts to other residents. A large number of residents also purchased water in buckets from local wells.

Rosenstiel (1970) studied water vending in one rural Kentucky county and found that more than half of
the population studied, who collected rain water, depended heavily upon hauled water for domestic use,
purchasing more than six loads per year from the water vendor.

When water must be transported by the household, it has an economic cost in terms of the labor that is
required to collect it even if there is no charge for the water (Whittington, Mu and Roche 1990; Curtis 1986;
Whiting 1983; White, Bradley and White 1972). Curtis refers to this as an "opportunity cost," meaning that
time spent in hauling water might be better occupied in other activities.

Water hauling takes many forms, and can utilize many different types of containers. As described by
Curtis (1986), the basic forms are foot transport, animal transport, wheeled non-motorized (as with a
wheelbarrow or handcart) and wheeled motorized (truck or auto). Containers used can range from small
vessels to jerrycans to large tanks. Many of the water self-supplied peoples of the developing world engage
in foot transport, sometimes spending much of their day trudging back and forth many miles between source
and home. In the developed world, water transport by truck or auto is more common, but water is still hand-
carried by many families.

White, Bradley and White (1972) found that the size of the container used to transport water was a good
indicator of the amount of water used, as the number of trips per day that could be made was limited. For
self-supplied households, per-capita and total water use decreased with increasing distance of the source from
the household. Most residents in the areas they studied were required to travel to obtain water, as few had a
water source on their own premises. Most households could not store water in bulk, so that one or more trips
to the source were necessary each day. For both piped and nonpiped (self-supplied) households, per-capita
water use was a function of the number of persons in the household, in that a larger household size leads to
smaller per capita use.

This relationship between household size and per-capita consumption was reflected by a more recent
study concerning use of water from public systems for households in 677 Texas communities from 1974-

12



1983. The investigators, Murdock, et al (1991) concluded that persons living in small households use nearly
as much water as those in large households. They attributed this finding to the greater efficiency of water-
using appliances in larger households, and that activities such as lawn sprinkling use the same amount of
water regardless of the number of household occupants.

According to Rosenstiel's (1970) study of water vending, for households that collected rain water, storage
capacity had little apparent effect upon the amount of water purchased by a household. Total monthly
precipitation was found to have only a minor effect on water purchase. Purchases were slightly higher during
drier months and slightly less during wet months. In addition, there was a carryover effect, in that
precipitation rates for a particular month affected purchase levels for the following month.

Using linear regression, Rosenstiel analyzed various factors to account for variation in amounts of water
purchased, using quantity as the dependent variable. Independent variables were classed as related to the
status of the household, such as household income or number of water-using appliances, and non-status, such
as the price of water. The analysis concluded that there was a correlation between increasing socio-
economic status and increasing water purchase. This accords with Batchelor (1975), who found that an
increasing level of household technology increases water demand.

Sholar and Lee (1988) calculated mean per-capita self-supplied domestic water usage for Kentucky at
49.62 gallons per day. The format of the Sholar and Lee report allows a comparison to be made between per-
capita water usage by self-supplied populations and those served by public systems, and to make a distinction
between surface and ground water sources.

According to White, Bradley and White (1972), when water was manually transported, per-capita use
seldom exceeded 10.5 gallons per person per day despite proximity or abundance of the source. The average
figure was estimated at 3.2 gallons per day. Money's (1966) study of rural water supply in Kentucky
determined that in cases where water was carried into the residence, mean daily water use was about 10
gallons per capita.

Connection to public water systems

The U.S. 1990 Census of Population and Housing reported that nearly 20 percent of Kentuckians did not
have access to a piped public water supply system. The Kentucky Geological Survey reports by Conrad,
Keagy and Kipp (1991) and Conrad et al (1991, 1992) recommended extension of public water systems to
alleviate the water supply problems noted for southeastern Kentucky. According to earlier studies by the
Mountain Association for Community Economic Development (MACED, a non-government organization
headquartered in Berea, Kentucky), such extensions were not feasible under existing political and economic
circumstances.

In 1985 MACED produced two reports addressing water supply issues for the residents of 21 counties in
southeastern Kentucky, including Rockcastle County. Gaining Access to Drinkable Water in Rural Kentucky
(MACED 1985a), emphasized the importance of ground-water as the leading source for most residents of the
region and the inability of public water systems to supply most rural residents. Many public water supply
facilities were found to suffer from poor initial design, aging lines and equipment, and poor financial
performance. Despite these problems, the most economical systems in southeastern Kentucky have already
been built, serving areas of relatively dense populations in or near county seats or along the main roadways.
Ground-water, the authors emphasized, will remain the only feasible source of drinking water in some areas.
The authors of Drinking Water and Health Issues in Southeastern Kentucky (MACED 1985b) similarly
concluded that, for many rural areas, public water systems were not then economically feasible. The authors
believed that the most reasonable solution was to protect existing water resources while developing a more
useful approach to financing and constructing new systems and upgrading the old ones.

The process of extending water infrastructure into the more remote areas of Kentucky's mountain counties
appears likely to remain incomplete for many decades yet to come. The difficulties of financing new public
water supply systems or extension of existing lines may not be the only obstacles that must be overcome by
water su