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PART ONE

IRRIGATION SYSTEMS DEVELOPMENT AND PROBLEMS

INTRODUCTION

The development of irrigation systems began thousands of
years ago. Early civilizations were created and thrived near
natural irrigable alluvial soils. Their success at developing
an irrigation system that would produce agricultural products
for their populations is well known. As early as 2627 B. C.,
the Chinese irrigated lands through a system of canals, the
largest, the Imperial Canal, being 700 miles long and large
enough to also be used for navigation. Large irrigation systems
were developed by the Aryans in the naturally fertile arid
valleys of the Tigris and Euphrates. Engineering skill was
highly developed for the times as noted by the large irrigation
reservoir, 42 miles across and 35 feet deep, which captured
flood waters for use in the irrigation system, and by the
high cement and brick embankments on both sides of the
Euphrates, designed to protect ancient Babylon.

The history of Babylon also exemplified remarkable
development in the legal area, particularly in water law.
Local customs and practices in the art of irrigation
were given specific provision in a written code, the Code
of Hammurabi, promulgated about 2050 B. C. This code pro-
vided guidelines for water use and penalties for individuals
violating rules within the water system.

Other civilizations have contributed greatly to the
use of water and development of irrigation systems. The
Egyptians, Carthaginians, Greeks, and Romans have added
elements which, combined, provide a wealth of ingenuity
and skill. Canals, aqueducts, reservoirs, and tunnels for
domestic, irrigation and sanitary uses were constructed
some of which are still in operation.

On the American continents, the earliest developments
appeared in Peru, a semi-arid country where canals and
aqueducts conveyed and spread water over lowland deserts;
as well as lands along the Gila River in Arizona, which
were irrigated centuries ago by Indians. Irrigation was
practiced in Mexico in the early Christian Era, and spread
northward to the areas now comprising California, New Mexico
and Arizona, by the Spaniards and missionaries. Later,
groups of Mormons entered the Salt Lake Valley in Utah and
began diverting water through ditches to irrigate crops.
Shortly thereafter, pioneers in Colorado and California
developed irrigation systems that are still in existence.

Early irrigation systems in the arid western states
grew from need, custom, and ingenuity of the settlers. Once
built, the physical characteristics of the early systems
were modified only to expand water supplies for system en-
largement or provide low cost improvements. A concept of
property rights to water was developed that further
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solidified the permanency of the system; and, concurrently,

individual pride in, attachment for, and fear of loss of,
his segment of the system emerged.

Irrigated agriculture has an important role in develop-
ment of the West. Without the application of water, these
arid lands were usually worthless. Hence, development de-
pended upon the availability of a water supply. Where an
adequate supply and climatic conditions conducive to irrigated
crop growth existed, settlement grew. The federal government,
having adopted a policy of encouraging western growth in the
late 19th century, contributed greatly to the rapid increase
of the agricultural sector.

With agricultural development, there also follows popu-
lation increase with eventual urban and industrial encroach-
ments which place greater constraints on the existing water
supply, thereby requiring a more conscious use of this wvaluable
resource. However, the irrigation systems and agricultural
communities have grown accustomed to an untampered use of
their water; storage and conveyance facilities, which have
been constructed and the associated costs repaid, are deemed
sufficient for the needs of the particular communities. In-
dividuals within the systems are being taxed by irrigation
and conservancy districts, along with assessments by local
water organizations, to the point where development is directly
related to additional capital or financial outlay. Tradition
and complex cultural rules seem generally to characterize
many modern-day irrigation systems.

The generally inflexible and static nature or irrigation
systems, as contrasted with the dynamic changes of population,
industrialization, and new water uses, has caused irrigated
agriculture to fail in developing its full potential. 1In
addition, there is a constant competition for water between
uses: municipal, industrial, pollution abatement, flood
control, power, fish and wildlife habitat, recreation, and
aesthetics. If irrigated agriculture is to successfully meet
the competition of today, it must be constantly alert to
technical, social and institutional advancements and practices
which will improve the systems' efficiency and conserve water.

In the past, when water shortage problems appeared, all
efforts were geared toward exploring and creating new avenues
to develop additional water supplies, rather than developing
programs to deal more effectively with existing supplies.

The development of supplemental water has frequently involved
the importation of water into the drainage area (or river
basin), additional reservoir storage to catch winter and
spring runoff, or additional pumping from the groundwater
reservoir, or any combination of the above. As the water
supplies in any particular river basin become more fully
developed, it becomes necessary to improve water management
practices in order to meet increasing water demands. The
paradox then emerges that to continually import additional
water supplies from adjacent river basins will usually
forestall development of efficient water management practices.
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One may ask the question why water users should be allowed
to import water from another river basin if, at the same
time, they are not using their present water supply in a
"reasonably" efficient or "beneficial" manner.

The utilization of additional supplies as a solution
to growing demand is becoming increasingly difficult as
population increases and urban and industrial development
compete for the available water supply. To be able, then,
to meet increasing demands, three major areas of concern
must be elaborated and analyzed, and proposed solutions
presented: first, physical or technological improvements
in present water systems; second, legal re-arrangements
which will permit streamlining of antiquated or customary
practices; and third, organizational improvements in the
delivery and management systems and accounting of the
complex social, political, and econocmic factors involved
in any system of water use. Ultimately, the above three
areas of concern and alternatives are nothing more than
an expression of the challenge of change, and of the
transition from traditional ways of meeting water demands
to the complex requirements of expanding and modernizing
regions.

The above remarks are also true for entire irrigation
systems. Improved efficiencies will be required in order
to free water supplies for competing uses, as well as to
improve the quality of receiving streams. 1In fact, the
present national emphasis on water pollution will likely
become the catalyst for bringing about additional impetus
for improved water management in agricultural areas since
such improvements are frequently directly proportional to
water quality enhancement. On the other hand, in the
case of irrigation systems, consolidation appears to be
an institutional mechanism for bringing about increased
efficiencies in water management which may also result
in water quality benefits to the region.

An irrigation system is shown schematically in Figure
1. It can be subdivided into three sub-systems; namely,
the water delivery, farm, and water removal sub-systems.
The water delivery sub-system begins at the diversion works
along the river, where water is diverted into the canal,
and continues to the head of the farm. This sub-system
transports water from the river to the farm and consists of
a conveyance and distribution network along with associated
control and flow measurement structures. The farm sub-
system is defined as the cropland beginning at the head of
the field, which is usually the point of highest elevation,
and terminating at the low point(s) in the field,.from which
sur face runoff leaves the field. 1In a vertical direction,
the farm sub-system begins at the ground surface and ter-
minates at the bottom of the plant root zone. The water
removal sub-system involves the surface drainage network
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from the low points of the fields back to the river,

along with the subsurface drainage beginning in the soil
profile at the bottom of the plant root zone and continuing
to the groundwater reservoir and/or the river. In some
cases, the water moving below the root zone is picked up

by tile drains and open drains for return to the river.

Within the irrigation system, definite organizational
structures exist, ranging from the private individual, and
irrigation company, to irrigation, conservancy and conser-
vation districts. In many instances, a great variety and
multitude of irrigation companies within a given system
interact in complex ways in distributing water, providing
intricate patterns of inter-organizational arrangements.

Irrigation companies consist of two types —-- commerc-
ial and mutual. Commercial companies came on the scene
first. They were operated by individuals for the sale of
water or to distribute water to farmers and later the
public. These were profit motivated organizations. In
the 1870's and 1880's, investors in the East and from
Europe contributed capital toward this new discovery in
water development. However, early agricultural
development in the West was not a very profitable venture
and investors began to look elsewhere to place their
monies.

These commercial irrigation enterprises evolved into
three basic categories: (1) construction and development
companies, (2) private contract companies, and (3) public
utility companies. Of the three yet in existence, there
are a number of private contract companies in certain local
areas supplying water to farmers, there are but a handful
of private public utility water companies still in exist-
ence, and very few if any construction and development
companies per se.

Not having large sums of money available to pay for
services offered by the commercial companies, and being the
individuals that they are, farmers soon developed an organ-
ization that fit their needs -- the mutual irrigation
company. At first these enterprises were nothing but an
agreement between neighbors for the construction of canals
and ditches from the source to their lands. Later this
was made formal by written agreement and usually incor-
porated under the corporation laws of the state.

These mutual companies are owned and operated by
consumers who are also the shareholders. They are non-
profit organizations, consisting of voluntary members who,
as stockholders, received water in proportion to their
shares. Assessments in proportion to ownership are paid
for operation and maintenance of the company and facilities.
Instead of distributing profits as dividends, the companies
distribute available water to their members. In many areas,
these mutual enterprises own and operate storage reservoirs
and large conveyance works. These local institutions have
made a significant impact on the water development of the
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West, but there is a definite need to re-examine these
arrangements and their operation. This study is primarily
concerned with the mutual irrigation company, since it is
the predominanat type in each system investigated.

Similar to the mutual irrigation company is the
water users association, organized under the corporation
laws of the state. These associations were formed to
enter into repayment contracts with the Secretary of
Interior.

It is at this level that strong resistance and legal
restraints against consolidation may be found. A majority
of the companies are incorporated under the corporation
laws of the state. These laws normally define the legal
possibilities and requirements of the corporation and set
forth the procedure and complexities of mergers or con-
solidation of domestic and foreign corporations. The
laws and cost consequences shall be considered in the legal
investigation. Although the enterprise structure is
primarily controlled by statute with respect to require-
ments for creation and limitation of activity, the internal
rules and requlations contain many organizational features
preventing flexibility of action and may even specifically
inhibit merger or consolidation.

WATER SUPPLY AND IRRIGATION SYSTEMS IN THE WESTERN UNITED
STATES

As a whole, the nation has abundant water resources.
At the same time,hhowever, the distribution and timing of
the water resources differ in the various regions of the
country, from season to season and from year to year. The
massive study of the Water Resources Council published in
1968 under the title, The Nation's Water Resources' pro-
vides the most comprehensive analysis of the role of the
water for the life and development of this country. A
major point and recommendation in this study is the hypo-
thesis that as the nation grows the limitation of water
and related land resources available to competing regions
becomes more important from a national policy point of
view. Comprehensive planning, community and regional
development, balanced population and economic growth are
all parts of major national goals for the future develop-
ment of this country.

While it is relatively easy to talk about the West
demographically, it is more complicated to do so from the
water development point of view. The West is comprised of
a number of regions formed by natural river drainage
basins not necessarily coinciding with administrative boun-
daries. To generalize, however, one may say that with the
exception of the Columbia-North Pacific Region and some
portions of the California and Missouri Regions, the area
and states in what is known as the Mountain and Western
states are expected to have severe water shortages by 2020.
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The anticipated water shortages in the West are a con-
sequence of the following national and regional trends:

1. Increasing population, particularly the continuous
movement of people to the West. While the population in
the nation increased by 14 percent between 1960 and 1970,
most of the states in the West increased substantially
above the national average (e.g. Colorado increased in this
period by 26.9 percent, Nevada by 72.6 percent, Arizona by
37.3 percent and so on while only a few states -- such as
Wyoming and Montana —-- remained more or less stationary in
terms of population).

2. Increasing urbanization and the augmented demand
for municipal services with a resultant conflict between
farm and nonfarm water uses. As the urban centers in the
West continue to grow, the most pronounced feature of pop-
ulation movement in the Mountain region is the increased
concentration of population around metropolitan cores, so
that by late 1960 we have emerging megalopolises such as
the Front Range Megalopolis in Colorado (encompassing almost
80 percent of the total population of the State), the
Wasatch Front Megalopolis in Utah and other megalopolitan
formations such as the Santa Fe-Albuquerque emerging mega-
lopolis, the Phoenix-Tucson conurbation, and of course, the
vast strip cities in California.

3. 1Increasing industrialization which not only affects
the total volume of water use but also the quality of
receiving streams. Major industrial concerns have moved,
for example, to formerly sparsely industrialized areas of
the Mountain states - IBM and Kodak in Colorado and Litton
and Sperry Rand in Utah, etc.

4. Increasing concern with ecological mismanagement,
with increased pollution costs, will affect both agricul-
tural and nonagricultural water uses. This is particularly
true in the case of the Mountain states where a fragile
ecological environment compounds typical problems of
pollution. Colorado, again, is a typical example of the
fragility of the physical environment and of the potentially
disastrous consequences of ecological mismanagement of
water and air. For example, the high altitude of Denver
and its locational pattern provide similar inversion patt-
erns to those of the Los Angeles area.

These trends will create new and different demands for
water to be supplied to communities. The urgency for a
more cogent water development policy is due not only to past
and present trends of population increase, urbanization,
industrialization, and ecological awareness, but also to
projections and forecasts of forces of continuous rapid
growth in the coming decades. Although projections and
extrapolations are a risky enterprise, numerous official
and unofficial studies predict rapid growth in population
and urbanization. It is estimated that the Colorado Front
Range population complex will increase from 1,750,000 people
in 1970 to about 3,500,000 by the year 2000. If population
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growth follows present forecasts, water must be reaching
metropolitan Denver by the early 1980's from supply systems
not yet in existence. Similarly, estimates of population
increase in Arizona indicate a total of 2,400,000 people

by 1980, with an average annual rate of growth of 34.0
percent. There seems to be general agreement in various
studies that the greatest percentages of all projected
population growth will be in the western third of the
nation, west of and including Montana, Wyoming, Colorado
and New Mexico. It is expected that the West will increase
its present national share of population from 17 percent

to 22 percent by the year 2000. In all Mountain states,
three interrelated trends will be crucial in the solution
of emerging problems of water supply and use: flight from
the countryside and abandonment of small towns, increased
metropolitanization and urban sprawl, and total population
growth from both natural increase and continuous in-migra-
tion.

Another insight into water resources problems can be
gained through a comparison of historical community growth
with the development of irrigation systems in the West.
During the pioneer development period, settlements were
formed on the streams where water supplies were available.
Even the smallest creeks have a small community at their
mouths and much of the water for irrigation in the West
comes from small mountain streams. Utah now has nearly
400 cities, towns and villages resulting from this devel-
opment. By contrast, however, the 1959 Agricultural
Census lists 984 irrigation organizations in Utah. Of
these group enterprises in Utah, 316 are unincorporated
mutual companies, 651 are incorporated mutual companies,
five are cities, two are irrigation developments of the
U.S. Bureau of Indian Affairs and one is a Bureau of
Reclamation operated project (other U.S. Reclamation
projects in Utah are operated by water users' associations
or irrigation districts). The area irrigated by the 984
group enterprises in Utah is 1.1 million acres, making
the average approximately 1100 acres per enterprise.

In 1946, Israelsen and others ? published the results
of a survey of irrigation companies in Utah. Data were
obtained from 688 separate companies. There is no legal
l1imit to the minimum land size of an irrigation company
as seen by the fact that 179 of the 688 companies serve
areas of less than 300 acres, some even less than 100 acres.
The other 509 serve areas larger than 300 acres, the
largest one serving approximately 50,000 acres. To staff
the 688 separate companies in Utah requires the services of
2,606 officials. Although water delivery and distribution
is considered to be largely an engineering problem, only
69 of the 688 companies regularly employed an engineer.

The importance of water rights is evidenced by the fact that
167 of the 688 companies regularly employed attorneys.

Table 1 shows the number of irrigation organizations for
the five study states (see later section on "Research Areas")
and totals for the 17 western states and Louisiana. It is
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interesting to note the decrease in all organizational sec-
tors between 1949 and 1959 with the exceptions of an
increase in incorporated mutual ditch companies and in the

number of irrigation districts for this period of time.

These irrigation organizations have a high degree of
interrelationship, transferring water from one to another to
complete distribution from natural sources through direct
diversion or storage facilities to on-farm use. For exam-
ple, of the 8,749 irrigation organizations accounted for
in 1959, five percent received part of their water from
another organization and eight percent received all their
water from other organizations.

Not all of these enterprises, of course, could be con-
sidered badly in need of improvements, but a large percen-
tage of the companies would profit by being combined into
consolidated systems. For example, if 25-50 percent of
the group enterprises fell into this class, it would mean
that 2,000-5,000 systems should be consolidated and modern-
jzed. In many cases, the consolidation of five to 30
irrigation companies in an irrigated valley is required.
Each western state has a large number of irrigated valleys
that could benefit by consolidation.

PHYSICAL DEVELOPMENT OF WESTERN IRRIGATION SYSTEMS

The early pioneers in the West engaged in the con-
struction of diversion structures and canals in order to
irrigate reclaimed lands. Initially, the lands placed under
irrigation were located adjacent to the river, thereby
minimizing the effort required to deliver water to the
fields. Later settlers would then undertake the construc-
tion of diversion works and a water delivery system to serve
newly cultivated lands immediately above the original canal.
Usually, this accomplishment resulted from a cooperative
effort among the farmers to be served by the new canal.

This process was continued until either land or water
resources became limiting. As a result, an irrigated valley
would consist of a series of fairly parallel canals trav-
ersing the valley. Most of these early canals are still in
existence today.

Although the organizational framework for construct-
ing the early canal systems offered a very practical means
for developing irrigated agriculture, the lack of change
after completing this development has resulted in a number
of present-day problems. The addition of each canal usually
resulted in the formation of a new irrigation enterprise
with the result that many irrigated valleys in the West have
a multitude of entities managing the delivery of water in
the valley. Problems involving the lack of cooperation
among the various entities in bringing about improved water
use efficiency appear to be inherent among many groups. In
addition, the duplication of water delivery systems has
resulted in higher costs for irrigation system rehabilita-
tion, increased operation and maintenance costs, and greater
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water losses such as seepage, operational bypassing or
spillage, and surface and subsurface return flows.

The historical roots of irrigation system developments
in the West, along with the emerging needs for meeting
large scale organizational objectives, make it imperative
to consider technological alternatives for improving a
number of cumbersome water use systems. Alternatives for
improvement include lining of canals to prevent seepage
losses and transpiration by phreatophytes; installation
of closed water distribution systems; small storage or
regulation ponds along the water delivery system to allow
improved timing of delivery and conserve water during
periods of precipitation; use of more and better flow
measuring devices to improve the control and equitable dis-
tribution of water supplies; and improving the efficiency
of water use in the farm by land leveling, use of modern
irrigation practices, provisions for allowing field runoff
to be used on lower fields or recirculated, and use of
sprinkler irrigation on fields not suited for surface
irrigation.

LEGAL DEVELOPMENTS

Coinciding with the physical development of water
resources was the legal development of the right to use
water. Initially, water was regarded as community prop-
erty available for use by all. But as development in the
semi-arid West took place, investments made upon a depend-
able water supply, as well as recognizing the value of
water, resulted in the early miners and settlers respecting
a property interest to the water user. At this point, the
benefits of a predictable water supply exceeded the costs
of internalizing externalities prevalent in the community
property status of this resource. The pioneer was willing
to recognize an interest in others in order to gain the
same treatment for his use of the water. Through custom,
miners had previously developed a moral code prohibiting
claim jumping, and this same respect was accorded the use
of water. As a consequence, a firm "property right" devel-
oped, subject to certain restraints (i.e., beneficial use
and nonwaste), but accorded the same protection under the
law as real property. Legally described as a usufructary
right, the possessor could use the water once it was cap-
tured and it then became his personal property, but this
right did not attach to any specific waters because of the
resource's fugitive nature.

Since the inception of the property right concept in
water, there have emerged several basic doctrines, a multi-
tude of institutional arrangements and volumes of cases and
agency rules to protect and insure its existence. The humid
East had adopted the English "riparian water law" giving
owners of land adjacent to a water body a proportionate
right to use the water. This "water right" was undependable
and indefinite, and existed by virtue of land location. In
the 18 western states, the doctrine of prior appropriation
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was adopted. The gold rush days of 1849 in California
provided its foundation. 1In 1855, the customary law was
accepted by the courts in Irwin v. Phillips (5 Cal. 140).
The court recognized a right of use for the person who was
first to appropriate and divert water from the stream for
mining purposes regardless of land proximity to the water
source. Colorado was the first to include the doctrine in
its constitution in 1876; since that date it has been
adopted by constitution or statute in the other 17 western
states.

Basically, this doctrine is stated as "first in time
is first in right." The early pioneers who first developed
the water obtained the first rights to use the stream,
while later settlers acquired junior rights. Many of the
original water rights are for direct flow only, while some
of the later rights combined storage rights with flood
flow diversion.

There are certain basic principles which exist in all
the appropriation states, even though statutes and cases
have modified the doctrine. The first is that beneficial
use must be made of the water. Many different uses have
been recognized, some given statutory preference such as
domestic and municipal uses, and recent trends witness
acceptance of such uses as aesthetics and recreation. 1In
the past, emphasis has been placed on "type" rather than
"method" to determine beneficial use, with most states
also applying a non-waste concept.

The second principle, priority of use shall determine
water allocation among users when a water deficit occurs,
thus closing diversions in an inverse order of priority
regardless of type of use. Those uses given legal pref-
erence have the right to condemn and compensate non-pre-
ferred users for a water supply.

The third principle, a water right is for a definite
quantity and does not depend upon the amount flowing in
the stream. The last major principle is that so long as
beneficial use of the water is made, a property right in
the appropriation exists. Definition and application of
beneficial use varies from state to state and among uses.

The prior appropriation doctrine provided the needed
security of a water supply for mining, agricultural, muni-
cipal, and industrial interests, so they proceeded to mold
institutional sophistication to meet their needs.

Farmers soon realized individuals could not financ-
ially build adequate diversion, storage and transmission
systems for water conveyance and hence created ditch
companies. Initially, these companies consisted of a few
or more farmers bound by a gentlemen's agreement to coop-
erate in construction and maintenance of a simple delivery
system for no monetary profit. They owned the water rights
and the diversion and conveyance works. Some of these
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private mutual ditch companies took on greater sophistica-
tion and incorporated under state laws. Coinciding with
the development of mutual organization was the privately
owned commercial company, profit motivated and organized
to construct irrigation storage and delivery systems, as
well as reclaim land, for prospective farmers.

States provided the legal mechanism for including
larger areas of farm land under organized control in the
form of irrigation districts and later conservancy and
conservation districts. These districts, requiring a set
landowner-voter consent for organization, allowed expanded
development and improvement through ad valorem taxing
within the area.

Economies of scale and physical efficiencies were
accomplished by these various institutions. Frequently,
many different types of water users worked side by side to
meet their requirements. As a consequence of population
increases, technology and satisfactory institutional
arrangements (at the state level, not to mention the fede-
ral efforts in this area), irrigation systems were devel-
oped and are still growing.

This is the situation. On one hand, we have an estab-
lished legal and institutional system existing with many
water users satisfied and unwilling to change. On the
other hand, water is a scarce resource, water requirements
have multiplied rapidly in recent years and the political
and social structure of our society has changed signifi-
cantly. The laws and institutions have not remained static;
they have changed and remain flexible to a certain degree.
To what extent have they facilitated efficiency within
irrigation systems through providing a consolidation mech-
anism, trade-offs and water transfers among users or other
means? To what extent has, or is, the legal and institu-
tional structure of water law impeding consolidation of
irrigation systems?

The important point in the water right picture is that
mere possession of a water right may not guarantee any
water to the right holder. When the water supply of a
stream fails to satisfy the diversion requirements of
existing water rights, the stream, of course, is over-
appropriated and junior rights must giwe way to prior
rights. This condition may happen only in dry years on
some streams, whereas it may happen every year on others.
This situation will be accentuated with extensive and
intensive farming, urbanization and industrialization. A
good example of this situation can be obtained by super-
imposing the water right demand on the hydrograph of flow
for most any of the western streams.

Consolidation of irrigation companies will most cert-
ainly bring together water rights of different priorities.
The evaluation of one right in terms of another will be
most difficult, for in a good water year a junior right
may obtain as much water as a prior right; but in drought
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years, the junior right may get no water at all. Any water
right evaluation must have as its foundation a complete
analysis of the water supply. After consolidation, the
water rights must maintain their identity to satisfy legal
requirements. Many companies do obtain their water supply
under several separate water rights, but this identity
feature creates no problem.

SOCIAL ASPECTS OF WATER USE

Parallel to physical developments, water use in the
West was also determined by changes in the surrounding
social environment. As indicated above, development in the
West was primarily shaped by the deliberate policy of con-
centrating in areas of available water supply and surround-
ing relatively fertile lands. The federal government itself,
with its reclamation policy initiated in 1902, provided the
impetus for the settlement of land in family size parcels.
On the other hand, states like Utah were part of a deliber-
ate case of colonization and intensive agricultural develop-
ment.

Essentially, the pattern of settlement in the West,
as well as in other parts of the country, followed a series
of interrelated stages of development. Initially, individ-
ual farmers would settle in small parcels of land close to
the water sources, followed by small services for farmers,
such as blacksmiths, wagon and wheel makers, etc. Agri-
business was the next order of development, serving the
farmers through such services as mills, farm implements,
etc. The small settlements of the early pioneers were then
augmented by the influx of other people. The transfor-
mation from primary to secondary industry began towards the
end of the last century. As in the rest of the nation, but
to a lesser degree in Mountain states, creeping urbaniza-
tion and the meshing of the urban fringe with the rural
hinterland characterize the more recent history of community
development.

There are two additional considerations in the analysis
and understanding of the social environment in the West in
relation to water and related natural resources. First,
part of the cultural background and customary use is shaped
by the presence of an indigenous population with senior
rights under the "reservation doctrine." Secondly, the
Spanish legacy has left a district cultural tradition of
customary practices and attitudes toward water use. Thus,
to speak of the social environment of the West, one should
consider quite a variagated combination of normative res-
ources, community environments, cultural traditions, water
management systems, sources of social conflict, and images
toward water resources.

Sociologists traditionally have included the environ-
ment in their theoretical frameworks, but the interconnec-
tion between physical and social environments has not been
clearly stated. To speak of general categories such as
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"institutional factors" or "human problems" does not
necessarily answer the question of the social use of
natural resources. Consoclidation of irrigation com-
panies, or any other form of change, requires a much
broader view of natural resources, along with careful
delineation of individual and aggregate levels of analy-
sis. As a matter of fact, a highly complicating factor in
combining irrigation systems is the attitude of the present
owner. He has a special relationship to water rights; he
developed the right. He has had to guard it jealously for
fear of losing his right. He has adapted his farming to the
water supply represented by this right. He will probably
resist any combinations because of the uncertainty of the
result. He knows what to expect from the present right.
This is true whether the owner is an irrigation company or
an individual.

Changes and combinations may require modifications in
farming practices and it is only natural for owners of
water rights to resist change. The development of the
water supply and water rights has sometimes developed jeal-
ousies and hard feelings against adjacent water users, and
even though the original settlers may in many cases be dead,
the antagonisms, fears, and jealousies of the original
pioneers have been passed on to their heirs and successors
and the problem has remained alive down to the present time.
Thus, an attitude or viewpoint towards the existing system
has developed that is deep seated, accentuating the diffi-
culties involved in any effort towards consolidation.

Although not central in the present analysis, politi-
cal and economic considerations are also essential for an
understanding of the development of irrigation systems in
the West. 1In considering the economics of the old irri-
gation system, one must recognize the fact that most of the
development work was done by the owners of the land bene-
fited. The early settlers diverted water directly from
the streams by means of individually constructed dams and
ditches which were planned and built for the purpose of
solving their individual irrigation problem. The irri-
gation works constructed by individuals or small groups
were considered private property; subsequent developments
were seldom combined with existing systems. The resulting
developments, in many cases, are debt free. Original
construction charges have been repaid, and the present cost
of water to the users is for operation and maintenance of
the system. Some irrigation companies provide an active
betterment program to rehabilitate their system.

After the initial canal construction, the later water
resource development projects were primarily concerned with
furnishing supplemental water supplies to irrigation com-
panies which frequently encountered water shortages during
the late stages of crop growth, such as July and August.
Frequently, a new organization was formed but still retain-
ing the separate irrigation companies (no consolidation),
in order to operate the new facility and be responsible
for the repayment of construction costs. Again, the new
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facilities were merely added onto the older irrigation
systems, with few changes being made to the original
water delivery systems.

Economic development is also evident upon examining
the growth pattern of agriculture within a system. Lands
nearer the population center or market were subjected to
intensive farming and a higher degree of cooperation among
water users, resulting in greater organizational sophisti~-
cation. In areas further from the market, economies of
scale were gained by cooperative efforts of landowners con-
structing diversion and conveyance structures. Since
cash was scarce, farmers placed high value on labor and time
savings acquired through joint efforts.

The construction of each diversion structure and
associated canal system usually resulted in the formation of
an irrigation company. Each irrigated valley, therefore,
contained a multiplicity of companies who frequently com-
peted with one another for rights to river flows. In the
valley system, these joint enterprises served as a politi-
cal and economic base around which the members became
active in local and state politics. As these organizations
grew in size and stature, they gained the political clout
necessary to become influential in establishing policy guide-
lines and forcing legislative action. In the history of an
irrigation system, one can find many important court battles
fought between two or more enterprises, where such decisions
affect the operation of all other companies in the system
and state.

As time wore on, the competition for water supplies
included cities and industries in the valley, or other
agricultural, municipal, and industrial interests either
upstream or downstream of the valley. The increased com-
petition for water resulted in combining of interests
among the separate irrigation companies to combat outside
interests, but has seldom led to the consolidation of the
irrigation companies. Instead, a water users organization
might be formed which represented the interests of the
separate irrigation companies, thereby providing more poli-
tical strength in the water arena. Now, with the hue and
cry about water pollution, the need for uniting in order to
bring about improved water management, which will result
in water quality improvements to receiving streams, becomes
even more apparent.

Another interesting aspect of the social dimensions
of water resources utilization is the fact that quite a
number of water resources programs at the local level fre-
guently operate in relative isolation from the surrounding
community. In larger and especially federally run programs,
few local resources are utilized in the implementation of
specific water system technical plans. On the other hand,
in smaller, predominantly agricultural systems, there is a
much closer participation of local residents with strong
interconnection between the community and water organiza-
tions. Water development as a whole has never been met in
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an integrated, consistent manner. Proposed beneficial pro-
jects have been usually introduced from the national level
with only limited interaction with people on the local
level. Such a procedure produced either strong reaction
from local participants because of their non-involvement

or ignorance about the project; or, more often, apathy and
tacit approval of superimposed water improvement projects.

It seems appropriate at this point to make the general
statement that more and more many of the basic decisions
in relation to water development are made not only outside
the local level, but at the same time, such decisions
increasingly call for a better knowledge of the political,
legal, and socio—-economic institutions which control the
supply and allocation of water. However, the unknown pro-
cesses of the complex interactions of physical, economic,
political and social factors in water development do not
permit accurate measurement and prediction of the conse-
quences resulting from proposed water projects, or even
rebuttals to arguments in favor of large-scale water policy.
In the past, water development policies have been character-
ized by an inflexible simultaneous determination of both
ends and means with little consideration as to emerging
effective ways of meeting changing circumstances and goals
in water use. The limited water supply, the increasing
population, and the multiplicity of uses call for new inte-
grated forms of the interaction between policy determining
institutions, local participants, and water users at large.
In the future, each area, organization, or other institu-
tion must provide precise evidence incorporated long-range
planning before a project is undertaken in order to insure
its wider acceptance, continuous monitoring of performance,
and eventual success.

THE CONSOLIDATION CHALLENGE

The physical development of the canal system and
appurtenant works, the legal development of the right to use
water, the organizational entities which have been formed
to operate and maintain the irrigation systems, and various
social and economic problems have created the present pre-
dicament which exists in many of our western irrigated val-
leys. In order to achieve maximum water resource benefits,
something must be accomplished to facilitate increased
water use efficiency. The consolidation of irrigation sys-
tems is among the necessary steps to achieving improved
water management, since it provides the essential organiza-
tional framework to maximize water use efficiency within the
total irrigated valley. To solve the problems inherent in
irrigation system consolidation presents a major challenge
to numerous disciplines, including engineers, lawyers,
social scientists, and economists, as well as water user
groups.

To implement a program for consolidating irrigation
systems in any particular valley will require the develop-
ment of a comprehensive consolidation plan which will take
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into account the engineering, legal, organizational, and
economic characteristics of the total irrigation system.

An in-depth plan must be prepared to insure that all of the
parameters have been accounted for in sufficient detail to
engender confidence among the water users that the consoli-
dation will be reasonable, practical, equitable and conse-
quently successful.

In order to adequately present the facts to the water
users involved, a careful appraisal must be made of each
individual system. The existing physical facilites, water
rights, water supply, legal problems and social conditions
in each community must be inventoried. Since the water
supply is the foundation of the enterprise, an evaluation
of the water supply with respect to its occurrence in time
and amount is necessary in order to evaluate the compara-
tive desirabilities of the systems to be integrated. Hydro-
graphic and land use data must be collected where such data
are not available. Hydrologic studies can be undertaken
once the necessary water supply and land use information is
available.

Potential water supplies must be investigated such as
storage, ground-water development, and transbasin diver-
sions. Methods must be found for improving the efficiency
of the existing water conveyance channels through canal
lining or changes in administrative procedures. Water
delivery methods used by the companies must be studied in
relation to the water supply to determine if operational
changes might be made that would be advantageous.. In
short, all of the facts connected with the water resource
must be obtained.

The water delivery sub-system for each irrigation
company must be evaluated as to physical facilities, main-
tenance costs, and operational procedures. Where present
conveyance channels would appear to benefit by being com-
bined, designs and cost estimates for a unified conveyance
system should be prepared. Existing structures should be
inventoried and evaluated as to their adequacy in managing
and controlling water deliveries. Additional structures
required to control and measure the water should be delin-
eated. Possibilities for improving canal alignments should
also be studied. The operation and maintenance costs of
the existing physical facilities must be evaluated. Costly
operation or maintenance practices should be eliminated.
From this information, a plan for rehabilitating the irri-
gation system, which will usually include a partial consol-
idation of physical facilities, can be prepared.

Studies of on-the-farm water management should be made
in order to assess the efficiency with which the present
water supplies are being used. Improvements in the design
of surface irrigation systems may be possible on many of
the fields by either land leveling or shortening the length
of irrigation runs. Also, a change in irrigation methods
may be feasible. Tailwater runoff could be nearly elimin-
ated by careful management of the waters supplied to the
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farm, or completely eliminated by use of a pumpback system
to recirculate the water. A program for irrigation sched-
uling could be utilized which would pay for itself by
increased crop production, while at the same time, the water
use efficiency would be increased, thereby providing an
opportunity for better distribution of the water supply.

The legal approach to systems consolidation must begin
with an understanding of state water laws before conducting
an examination of local legal institutions within the pro-
ject areas. Water law varies from state to state, although
there are many basic similarities. All of the states
involved in this study are strictly appropriation doctrine
states. That is, a system of priorities and distribution
of the water based upon diversion, application to beneficial
use and further compliance with state statutory require-
ments.

Of particular importance to this study are legal res-
trictions to consolidation in either the water and corpor-
ation codes or corporation documents, the administration
and conflict resolution practices within the state agencies
and local public and private institutions, the duty of
water, and the administration officials' discretion in
establishing water efficiency requirements.

The legal relationship of the water supply to the
water rights and need, along with methods of combining the
water rights for integrated companies, must be determined
to implement a consolidation or merger plan. Under present
legal philosophy, the identity of the water rights must
be maintained, but water represented by a water right should
be combined and distributed according to requirements of
water users under the combined system. Within the companies
corporate structure, pooling of stocks having different
priorities or different basic values must be worked out and
the stock reissued, either in different classes or having
an equal par value and representing the same quantity of
water per acre.

Many problems will be presented by operating within a
given legal system, but the role of law must be thoroughly
understood. Law provides an orderly means for development
as expressed by interests exerted at the time and exercised
in legislation and litigation. Law is not an end in itself,
but rather the means to attain a definite goal, and it
must be understood that any man-made law is subject to
revocation or amendment in order to implement a physically
possible, socially desirable and economically feasible
goal. It is with this premise in mind, that the law should
be applied.

The economics of consolidation must also be more
clearly outlined. The cost of construction and the bene-
fits must be determined. The savings of water affected by
eliminating overlapping systems must be evaluated in terms
of the savings anticipated and the cost of the construction
required to bring about the savings. Savings in water,
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savings in operatiomn, and savings in maintenance must all be
evaluated in terms of dollars. Technological externalities
must be determined and measured to demonstrate which extern-
alities have been internalized by the existing companies and
which externalities accrue as additional cost to others
within the system. Costs of new construction, costs of new
programs, and changes necessary to modernize the system

must be carefully estimated. The financial conditions of
each company must be determined and debt obligations liqui-
dated or adjusted within the framework of the proposed con-
solidation. The economics of the area and the economics of
the country must also be given consideration.

The problem of consolidation, however, is not only one
involving careful consideration of physical potentialities,
legal alternatives, and economic feasibility. Part of the
problem involves a two-fold delineation of the organiza-
tional capability of present irrigation systems for new
alternatives and the understanding and utilization of a
social climate of receptivity towards change and new organ-
izational forms.

As repeatedly emphasized, because of larger national
and regional trends and new demands, while the supply and
quality of water are vital in any future planning of res-
ource utilization, equally important will be the organiz-
ational innovations applied to increased efficiency in the
distribution of water. Thus, the problem of consolidation
is not one of just changing attitudes of individuals. Such
attitudes, and the process of the adoption of innovative
forms of water use, are part of an understanding of the
broader community culture and the institutional structures
involved in the obtainment of water supply and its alloc-
ation to the members of the particular system. A central
concern is the alternative organizational forms possible
in a given community and the delineation of the process of
adoption, communication, and diffusion through which imple-
mentation of consolidation plans becomes feasible.

Cconsolidation of irrigation systems presents a viable
alternative for more efficient utilization of water res-
ources. Where consolidation can be achieved, existing
water supplies can be more effectively and efficiently used
by eliminating duplicate systems and organizational manage-
ment can be improved through centralization of functions
and reduction of enterprise personnel, while at the same
time permitting employment of technically trained assist-
ants. The resulting institution will enjoy less legal
expenses per unit acre, greater visibility, voice and
influence on political and lobbying issues of interest,
taking full tax and insurance advantages and improved morale
and safety by modernizing and improving company facilities
and equipment.

Even when larger, general studies have been made on the
technical feasibility, economic desirability, and organiza-
tional preparedness for consolidation, there still remains
the very central problem of individual receptivity to
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change, and of the effort of harmonizing conflicting
interests involved in a unified purpose. Despite techni-
cal, economic and organizational evidence favoring consoli-
dation, little progress has been achieved and public senti-
ment has not provided the momentum for an incorporation of
the envisaged change. Attempts toward consolidation depend
also on the individual's knowledge and attitude toward
water use patterns, on the nature and extent of his relation
with the particular irrigation company, his socio-economic
background and property characteristics, and on a cluster
of predispositions toward change and modernity, level of
satisfaction and perception of alternatives. 1In essence,
then, we are talking about three major categories of social
factors which may operate as either facilitators or con-
straints to a proposed consolidation scheme: community
environment and culture, organizational structure and net-
works, and general perception of change and of organiza-
tional alternatives by individual users.

Finally, in any study of consolidation, a note of
caution must be inserted. Because of the complex interre-
lationships of diverse factors, each area of proposed con-
solidation presents both unique problems, but at the same
time, common principles of organizational intervention.
Although in every consolidation scheme, the merits and
advantages of consolidation must be considered individually,
it is possible, when proper caution is exercised, to develop
more general principles from common factors operating in
different irrigation systems. To be able to provide the
common ground and extract general guidelines for consolid-
ation, each area of concern where duplicating irrigation
systems exist must be given the same detailed examination
and consideration with regard to engineering facilities,
political-economic factors, legal principles and implic-
ations of water rights, and social conditions which influ-
ence present arrangements and provide the background for a
measurement of the benefits to be derived from consolid-
ation.
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PART TWO

MEETING THE CONSOLIDATION PROBLEM

In Part One, some introductory remarks were provided
on the general aspects of water use along with a prelimin-
ary outline of problems, advantages, and challenges in con-
solidating irrigation systems. Part Two contains a brief
discussion of the eight research areas in the western
United States selected for specific study; the engineering,
legal, and sociological objectives in pursuing this research
effort; and the methodologies used to evaluate the con-
straints and facilitators involved in irrigation system
consolidation. The underlying common thread of this res-
earch effort was the attempt at developing an integrated
approach, trying to account, as much as possible, for cru-
cial interrelationships between physical and non-physical
environments in the irrigation systems selected.

RESEARCH AREAS

In order to evaluate the engineering, legal and socio-
logical factors affecting the consolidation of irrigation
systems, a number of irrigated valleys located throughout
the Intermountain West were selected for study. The general
location of these systems is shown in the accompanying fig-
ure. The areas chosen for this research effort are:

Poudre Valley, Colorado

Grand Valley, Colorado

Ashley Valley, Utah

Utah Valley, Utah

Eden Valley, Wyoming

Riverton Valley, Wyoming

Truckee-Carson Irrigation District, Nevada
Salt River Valley, Arizona

. .

o~ wWwh
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There are a number of reasons for selecting the above res-
earch areas. In each case, considerable data collection
and/or research has taken place, or is presently underway,
thus providing adequate background information for most of
the systems.

The research areas have been chosen to include irri-
gation systems which are already essentially consolidated in
addition to systems which would appear to benefit consider-
ably by consolidating. Thus, each area will not be dis-
cussed with the same intensity, but the amount of effort for
any one study area will be dependent upon whether or not
the area operates as a consolidated system or contains some
unique characteristic which provides leads toward an under-
standing of the consolidation process.

In addition, areas have been chosen that would include
some similar and some dissimilar characteristics. For
example, in some cases, the area operates the irrigation
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water supply essentially as a consolidated system, while in
others, there is considerable fragmentation among quite a
number of communities.

Poudre Valley, Colorado was chosen because of interest
within the valley to consolidate the irrigation systems,
along with incorporating rapidly increasing municipal and
industrial water demands. This system is unique in that it
represents a high degree of cooperation among the major
irrigation companies to meet the seasonal requirements for
water. By trading or renting water within the system to
take advantage of geographic conditions in the valley, these
water entities have been able to circumvent certain rigid,
complex and costly legal procedures with respect to changing
points of diversion and time of use.

Grand Valley, Colorado was chosen partly because of
physical similarities with the Truckee-Carson Irrigation
District which is located along the Lower Carson and Truckee
rivers in Nevada. Institutionally important in Grand Valley
is the presence of both mutual and commercial irrigation
companies, presenting additional possibilities in seeking
more efficient water allocation and utilization. On the
other hand, the Nevada system is essentially operated as
an integrated system, but considerable improvements in the
management of the water supply are still needed. The
Nevada system is attractive as a research area because of
a present confrontation involving conflicting demands upon
the system for irrigation, recreation, and wildlife, which
will probably necessitate improved management of the
available water supply. Nevada has a unique statutory pro-
vision allowing the State Engineer to determine the duty
of water throughout the state to prevent waste and encourage
efficient and optimum use of this scarce resource.

Ashley Valley, Utah is an area which has recently gone
through the consolidation process with apparent success.
The Vernal Unit of the Central Utah Project was constructed
by the United States Bureau of Reclamation during the early
1960's to supply supplemental water to irrigated lands in
the valley. Following completion of construction, joint
efforts by local irrigation company officials and Extension
Service personnel resulted in the consolidation of the
irrigation companies into a central office for operation
and management of the surface water supplies.

Utah Valley, Utah contains a complex irrigation system
involving approximately 50 irrigation companies. The water
rights of the various companies vary considerably. Some
irrigation companies are typically short of water during
the late season, while some companies will rarely ever be
short of water. The northern part of Utah Valley is rapidly
changing from a rural to an urban society. The urban growth
rate in this area is among the highest in the Intermountain
West.

The two areas in Wyoming were chosen to reflect two
separate situations. The irrigation systems in Eden Valley
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operate essentially on a call basis, which has become
possible because of a recently completed U.S. Bureau of
Reclamation (USBR) project. The project was recently
taken over by a locally formed irrigation district, and
presents an opportunity to observe the social reaction

and ability to cope with physical and legal problems that
are on the horizon. For example, the repayment of project
construction costs begin in 1972, a fact which will
increase the total annual charges beyond the farmers'
ability to pay. The area also provides an interesting
manipulation of Wyoming water law which ties direct flow
rights to the land but permits transfer of direct flow to
storage rights. Riverton Valley has also had the benefits
of a recently constructed USBR project, but has some prob-
lems due to conflicting water demands. Here, also, in
addition to the three irrigation districts that encompass
the area, the bordering Shoshone-Arapahoe Indian Reserv-
ation gives rise to possible water claims under the "res-
ervation doctrine."

The Salt River Valley, Arizona is being studied
primarily as a success area in that the irrigation water
supply is operated essentially as an integrated system.
Also, the area is relatively progressive in seeking solu-
tions to water management problems and at the some time it
offers the special challenge of meeting water demands in
the rapidly expanding metropolitan area of Phoenix.

Three of the areas selected for study (Poudre Valley,
Utah Valley, and Salt River Valley) are undergoing rapid
urban growth, with consequent decreases in agricultural
lands. Of the three areas, only Salt River Valley is oper-
ated as an integrated irrigation system, whereas water
users in Poudre Valley are studying the consolidation pro-
cess, and Utah Valley remains a complicated maze of irri-
gation systems. Urban planning is being conducted in each
area, but little thought is given to the effects of urban
and general population growth on the irrigation system.
Not only are there changes in land and water use, but
water transfers are continually occurring in these areas.

In summary, the selection of these eight areas has
been guided by an implicit understanding of a "continuum"
of characteristics of irrigation systems. Such a continuum
involves dimensions of population and organizational size,
urban-rural differentiation, aspects of socio-demographic
characteristics, political, legal and administrative vari-
ability, and diversified forms of organizational structures
and processes.

Thus, these areas afford two-thrust comparative stud-
ies. On the one hand, they offer the opportunity for a
comparative synthesis of engineering, legal and social
facilitators and constraints in a number of similar irri-
gation systems; and, on the other, they permit comparative
analysis of similarities or dissimilarities of character-
istics in each substantive area (engineering, legal, social)
for each geographical area or for the total number of
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systems under examination. A final synthesis will involve
the creation of expanded matrices incorporating physical
and non-physical factors affecting present performance of,
or influencing future developments in, irrigation systems
in the West. Such an organizing scheme permits also evalu-
ation of the relative success of some organizational units
as contrasted to other comparable but ineffective systems.
A measurement (in terms of both physical and non-physical
dimensions) of the relative efficiency and effectiveness of
consolidated versus nonconsolidated irrigation systems
implies also specific recommendations for organizational
alternatives, demarcation of variables, and development of
policy for implementing decisions for innovative forms of
water resources use.

Of particular importance is the fact that advantages
in consolidating irrigation systems pertain not only to
benefits accruing to irrigators within the system, but that
such benefits also extend beyond limited geographical
bounds. Improved water use efficiency may release water
for other demands. For example, increasing municipal and
industrial water requirements, either inside or outside the
bounds of the irrigation system, might be partially or
entirely satisfied by continual improvements in the irri-
gation system. The costs of such improvement could be
allocated among all beneficiaries, thus providing the inter-
esting case of working out effectively and efficiently the
interphase between rural and urban systems.

OBJECTIVES

Recognizing that no single discipline (engineer,
lawyer, economist, sociologist, or political scientist) can
adequately evaluate all the requirements to effect the
consolidation of a number of adjoining irrigation systems
into a single management unit, a two-phase "interdisci-
plinary" research project has been undertaken. The first
phase involves a general outline and discussion of engin-
eering, legal, and sociological aspects of consolidation.
The second phase will add the dimension of economics as
well as a more detailed examination of the two systems
facing most acutely the impact of rapid population growth,
urban sprawl and conflicting water demands (Poudre Valley
and Utah Valley). The objectives of the first phase of
the research being directed toward the consolidation of
irrigation systems are:

1. To determine and evaluate the engineering charac-
teristics of the system:

a. The hydrology of the water supply to the area
will be assessed in order to evaluate the
magnitude of the supply, but more important,
to evaluate its time variation;
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The physical characteristics of the system
will be ascertained with respect to capacity,
conveyance losses, water measurement and
control structures, land served, and type of
agriculture;

The method(s) of operating each system will
be determined with respect to delivery, flow
measurement, operational losses, conveyance
efficiency, farm efficiency, and operation
and maintenance costs;

Water deficits and surpluses will be com-
puted for each irrigation company in a valley
in order to ascertain the need for water
transfers within the total irrigation system;
and

Alternative physical and operational systems
will be studied for improving the efficiency
of water use in each area.

2. To identify and analyze from a legal perspective:

A

The project state's basic water laws and
philosophies and their effect upon consoli-
dation;

The federal and state laws and court decis-
ions which relate to local water organiza-
tions and determine whether they operate as
impediments to consolidation;

The institutional arrangements which control
the use of water and to determine possible
organizational impediments to consolidation;

The state laws regarding business organiza-
tions and corporations to determine proced-
ures for merger, along with possible impedi-
ments; and

The water rights held by these institutions
to establish the legal right of individual
users in a consolidation proposal.

3. To provide an understanding of the social factors
involved in the water systems:

Q.

Delineate a water management system by answer-
ing three key questions:

i) what are the dimensions that define the

external environment within which the
organization operates,
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ii)

iii)

what are the dimensions that define the
characteristics of the organization
(internal environment), and

what are the criteria for measuring
organizational effectiveness.

Examine the perceptions of satisfaction with
the organization or the extent of positive
expressions by members and/or officials and/
or users in the irrigation system, in rela-
tion to rules, forms, roles, control, and
performance of the organization under a
variety of ecological, social, legal, and
economic settings. More specifically focus

on:

i)

ii)

iii)

present organization arrangements, admin-
istrative practices, and general goals
concerning available water supply and
distribution;

cultural practices and attitudes related
to the development and use of water; and

relationships between organizations (such
as sharing of resources, opportunities
for inter-organizational communication,
etc.).

Explore the perception and presence of organ-
izational alternatives, as expressed in new
organizational schemes of consolidation. 1In
particular, the following aspects will be
considered:

i)

ii)

iii)

the general orientation towards social

change or the degree of traditionalism

among officials and/or users of a given
irrigation system;

the beliefs associated with consolidation
and the existing level of information
about consolidation; and

the perceived social risks and the degree
of anxiety involved in the cases of
potential consolidation or the alterna-
tives to present organizational arrange-
ments.

ENGINEERING INVESTIGATIONS

The engineering investigation will involve determina-
tions of how the system can be adapted to accommodate the
physical land features and water supplies. At the same
time, the new system must meet the problem of delivering
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the needed amount of water at the proper time to satisfy
crop requirements. The engineer must completely define the
material aspects of the present system and the proposed
system and their respective advantages and limitations.
This requires a complete analysis of the natural river
flows, interbasin transfers of water, operation of storage
facilities, present groundwater use as well as potential
groundwater use, geologic features, potential consumptive
use, rainfall duration and intensity, methods of distribu-
tion and application of irrigation water, and identifica-
tion of water losses such as seepage, surface runoff, deep
percolation, and operational losses. Since water is only
one of the physical resources used in crop production,
information must be gathered regarding climate, topography,
soil type, fertility, soil moisture characteristics,
cropping patterns, new crop potentials, soil drainage con-
ditions, land preparation, required frequency of irrigation,
and farm water management. The entire system must be
analyzed as the completely integrated unit that it is.

A computer program has been prepared to facilitate the
analysis of the volumes of data collected for analyzing
the irrigation systems. The amount of available data varies
considerably from one irrigated valley to the next. Con-
sequently, the procedure for arriving at a water budget must
be varied according to the type and amount of data, with
a resultant effect on the accuracy of the water accounting.
Most water budgets are prepared on a month-by-month basis
using the time period for which actual monthly data are
available. The month-by-month budgets are then averaged to
obtain mean monthly budgets. The mean annual water budget
can be obtained by averaging the annual accountings
obtained for each year having sufficient data. The mean
annual budget is adjusted, where necessary, to reflect a
long-term mean, and is also adjusted for physical conditions
existing as of the present time. A flow chart illustrating
the water budgeting procedure is shown in Fig. 3.

The data necessary to prepare water budgets involves
stream gaging station records published by the U.S. Geo-
logical Survey which show how much water is available at
different periods of time for use in the river basin. Also,
streamflow records of any imports (transmountain diversions)
are usually available from the U.S. Geological Survey or
the water users receiving the imports. Records of the
amount of water diverted from any river into an irrigation
canal are usually maintained by the River Commissioner, who
is a state employee responsible for distributing river
flows to each irrigation company, municipality, or other
water user. Consequently, the canal diversion records
reflect the water rights held by each irrigation company.

: A major undertaking for any irrigated region is the
development of agricultural land use maps which portray all
vegetation using water in excess of natural precipitation.
Thus, the land use maps delineate the boundaries of differ-
ent classifications of croplands and phreatophytes. Also,
open water surfaces (e.g., lakes, canal water surfaces,
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farm ponds, etc.) are portrayed on the maps. A typical
classification system is listed in Table 2. The classi-
fication (e.g., A4, C3, Fl, etc.) is marked on aerial photo-
graphs in the field. This information is then trans-

ferred to base maps in the office. Next, the acreage of
each classification is determined for each section of land,
as well as under each canal or irrigation company. Thus,
the breakdown of vegetation and open water surfaces is

known for each section of land and for each irrigation
company.

One of the key elements in preparing water budgets is
a determination of the water requirements for crops and
phreatophytes. In fact, the principal purpose in making
the land use surveys is to determine the acreage of differ-
ent types of crops and phreatophytes under each irrigation
system, thereby providing needed information for computing
water requirements. The acreage data for each irrigation
system is combined with climatological data in order to
compute the potential consumptive use. Then, an analysis
of the water delivery system, including conveyance water
efficiencies and farm irrigation efficiencies, along with
the types of soil under each system, allows a determination
as to whether or not the potential consumptive use can be
satisfied. At the same time, then, the amount of water
shortage, as well as the timing (July, August, etc.) of the
shortages is known. Thus, the amount of water depleted
from the area by evapotranspiration is known, as well as
the amount of water returned to the system (irrigation
return flows).

Initially, water budgets are prepared for each irri-
gation company (or irrigation canal) on a month-by-month
basis for a number of years. Consequently, any water
shortages or water surpluses are for the entire irrigation
company. For example, the water budget analysis for a
particular irrigation company may show a water surplus
(more water was diverted from the river into the canal than
was necessary to meet crop requirements) for the month of
July, 1957, but it is very conceivable that a few of the
farmers along this canal may not have had enough water.
Thus, it becomes necessary to analyze the water require-
ments for each individual farmer along an irrigation
system to insure first of all that the needs of each indiv-
idual are being met. Then, it becomes possible to discuss
alternative methods for satisfying the needs of adjoining
irrigation companies.

Another real benefit in preparing water budgets is
that once a water accounting is tied down, it then becomes
possible to test various water management alternatives as
to their usefulness and effect upon the system. For
example, the effects of lining any portions, or all, of
the irrigation canals in meeting crop requirements could
be evaluated. Also, changes in diversion requirements due
to changes in irrigation practices could be determined.
One of the most crucial questions that can be answered is
the ability of the present physical facilities to

-31-



Table 2.
A. Irrigated Cropland
1. Corn
2. Sugar Beets
3. Potatoes
4. Peas
5. Tomatoes
6. Truck Crop
7. Barley
8. Oats
9. Wheat
10. Alfalfa
11. Native Grass, Hay
12, Cultivated Grass, Hay
13. Pasture
14, Wetland Pasture
15. Native Grass, Pasture
16. Orchard
17. Idle
18. Other
B. Dry Croplands - Precipitation
Only
C. Municipal & Urban Land Use
1X. Inhabited Farmsteads
1. Uninhabited Farmsteads
2. Residential Yards
3. Urban
4. Stock Yards
5. Schools
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accommodate water transfers from companies having water
surpluses to those areas chronically experiencing short-
ages. If water transfers are not physically possible at
the present time, then alternatives for the construction
of additional physical facilities to accomplish such
transfers could be investigated.

The next step is to study the water delivery system
to determine the potential for consolidating physical
facilities. Once the various alternatives for physical
consolidation have been delineated, then more detailed
studies will be required to develop engineering designs
and cost estimates, as well as showing economic feasi-
bility. The designs must include the construction of
canal enlargements or new canals, regulation and control
structures, and flow measuring devices. A comparison of
water use efficiency and costs will be needed for the
various alternatives for physical consolidation, rehabil-
itation of the existing water delivery system, and leaving
the existing irrigation system unchanged.

In addition, other means for conserving water should
be explored to assure that an adequate supply is available
to each water user, if possible. Of prime consideration
would be the implementation of improved farm water manage-
ment practices. The costs associated with implementing
various farm water management practices will have to be
determined, including not only the cost of physical irri-
gation systems, but labor savings and labor costs, as well
as comparisons with other alternatives for achieving the
same goals in water use efficiency.

LEGAL INVESTIGATIONS

The legal investigation requires a thorough examina-
tion of various areas of substantive water and corporation
law, procedural law, administrative law and provisions
regarding revenue producing authority and tax liability of
irrigation companies. Complexity is created by the lack
of uniformity among the study states as to the substantive
water law and judicial interpretation of doctrines. 1In
addition, legislation regarding irrigation companies, a
segment of water law, may reveal constraints to be con-
sidered in any consolidation scheme. Once the statutory
and case law is identified and analyzed, individual
irrigation company documents in each area will be examined
for specific clauses presenting impediments.

Substantive Water Law

The term substantive law refers to that part of law
which creates, defines and regulates rights. In the case
of water law, its origin may be found in state constitu-
tions, statutes and case law. The initial task is to
determine the basic doctrine in each state and to identify
what concept of ownership is attached to waters within
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the state's boundaries. The five study states have
endorsed the appropriation doctrine in the following
manner:

ARIZONA - Arizona Revised Code 1928, section 3280
The water of all sources, flowing in streams,
canyons, ravines or other natural channels, or in
definite underground channels, whether perennial or
intermittent, flood, waste or surplus water, and
of lakes, ponds and springs on the surface, belongs
to the public, and is subject to appropriation and
beneficial use, as herein provided.

COLORADO - Colorado Revised Statutes 148-21-2

148-21-2. Declaration of policy.--(1)It is
hereby declared to be the policy of the state of
Colorado that all waters originating in or flowing
into this state, whether found on the surface or
underground, have always been and are hereby
declared to be the property of the public, dedi-
cated to the use of the people of the state, sub-
ject to appropriation and use in accordance with
law. As incident thereto, it shall be the policy
of this state to integrate the appropriation, use
and administration of underground water tributary
to a stream with the use of surface water, in such
a way as to maximize the beneficial use of all of
the waters of this state.

NEVADA - 48 Nevada Water Laws & 533.025, 030, 035.

533.025. Water belongs to public. The water
of all sources of water supply within the boundaries
of the state, whether above or beneath the surface of
the ground, belongs to the public. (1:140:1913,

1919 RL p. 3225; NCL § 7890)

533.030. Appropriation for beneficial use.

Subject to existing rights, all such water may be
appropriated for beneficial use as provided in this
chapter and not otherwise. (2:140:1913; 1919 RL

p. 3225; NCL & 7891)

533.035. Beneficial use: Basis, measure and limit
of right to use. Beneficial use shall be the basis, the
measure and the limit of the right to the use of water.
(3:140:1913; 1919 RL p. 3225; NCL § 7892)

UTAH - Utah Revised Statutes. 73-1-1, 73-1-3
73-1-1. Waters Declared Property of Public.
All waters in this state, whether above or under the
ground are hereby declared to be the property of the
public, subject to all existing rights to the use thereof.
73-1-3. Beneficial Use Basis of Right to Use.
Beneficial use shall be the basis, the measure and the
1imit of all rights to the use of water in this state.

WYOMING - Wyoming Constitution Art. I and VIII
§ 31. Water - Control of -- Water being essential
to industrial prosperity, of limited amount, and easy
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of diversion from its natural channels, its control
must be in the state, which, in providing for its use,
shall equally guard all the various interests involved.

8 1. Water Is State Property. -- The water of all
natural streams, springs, lakes or other collections of
still water, within the boundaries of the state., are
hereby declare to be the property of the state.

8 3. Priority of Appropriation. -- Priority of
appropriation for beneficial uses shall give the better
right. No appropriation shall be denied except when
such denial is demanded by the public interests.

Upon examining these basic provisions, one subtle dis-
tinction can be made regarding ownership of waters. 1In
Arizona, Colorado, Nevada and Utah, all waters belong to
the public, but placed in trust with the state for
administration in the public interest. Wyoming, on the
other hand, has retained ownership of its waters and can,
when necessary, exercise a greater degree of administra-
tive discretion in the adjudication of rights and distri-
bution of water to various uses and users. It has been
held, however, that Wyoming also holds the water in trust
for the public.

Certain aspects of substantive law in each state under
examination as having an effect on consolidation are: (1)
the concept of ownership of water in the state; (2) water
rights and the appurtenancy requirements; (3) meaning and
application of the concept of beneficial use; (4) the
related concept of waste in the allocation and distribu-
tion of waters; (5) duty of water doctrine; (6) permissi-
bility of transfer of water rights and/or use of water
among users or to other uses; and (7) the degree that con-
junctive use of surface and ground waters is authorized
or encouraged.

Procedural and Administrative Law

Procedural law is defined as that which prescribes
the method of enforcing rights or obtaining redress for
their invasion. Administrative law is narrower in scope
in that it pertains to the various governmental agencies
and prescribes in detail the manner of their activity.
The former laws, for our purposes, may be found in the
state water statutes, judicial procedures acts, and
internal rules and regulations, while the latter is
usually a formal code adopted by the state and applying
to all state agencies.

Although the substantive law may seem to dominate
the procedural and administrative law, the importance of
the latter two to our project cannot be disregarded. It
may very well be a procedural requirement that consciously
or unconsciously creates efficiency impediments in irri-
gation systems. For example, lengthy and costly required
litigation to effectuate certain changes in an irrigation
system may deter the implementation of those changes.
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Water Organization

Water organization in the state can be divided into two
general classes -- public and private. Public entities
include the state engineer's department and irrigation, con-
servancy and conservation districts. The function and scope
of authority of these organizations must be examined to
determine their impact on irrigation systems. In most
states, the state engineer is charged with administration,
allocation and distribution of water. With the increased
pressure on states to meet interstate compact requirements,
this office may significantly affect the use of irrigation
water. Irrigation and conservancy districts have greatly
assisted in the development of irrigation systems, but
being public entities, they likewise have a duty of encour-
aging non-waste and beneficial use.

Aside from being directly concerned with the operation
of irrigation companies, these public agencies are facing a
new trauma. We are in an environmental protection oriented
era of time in which federal and state agencies charged
with protection of the environment are being brought to
task by a multitude of citizen lawsuits under the public
trust doctrine. 1In the near future, these suits may be
directed to state water quantity and quality departments,
demanding that they require more efficient use of this
resource by water right holders.

The major emphasis of this project is directed to the
private enterprises and principally, the mutual irrigation
companies. They have been explained briefly at the beginn-
ing of this report, and will be discussed here only to the
extent of legal constraints to consolidation. Mutual com-
panies can either be unincorporated or organized under the
corporation codes of state. If unincorporated, their exis-
tence may be by verbal or written agreement and usually
their organization structure is informal and flexible.
Their ratio is almost two to one over incorporated com-
panies. Impediments to consolidation in this type of
entity exist almost solely with the personalities involved.

Companies formed under the corporation code must com-
ply with specific legal procedures and are subject to
greater public scrutiny and control. Articles of incor-
poration are filed with the secretary of state, setting
forth the legal purpose of organization. By-laws are filed
and regular minutes kept. Shareholders are issued stocks
based either on the number of acres irrigated or the amount
of water rights transferred to the company.

The corporation codes of the five study states contain
no impediments to consolidation other than procedural
requirements. Representative of code requirements is the
following Wyoming provision:
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Procedure for Merger

Section 63. Any two or more domestic corporations
may merge into one of such corporations pursuant to
a plan of merger approved in the manner provided in
this Act.

The board of directors of each corporation shall,
by resolution adopted by each such board, approve a
plan of merger setting forth:

(a) The names of the corporations proposing to
merge, and name of the corporation into which they
propose to merge, which is hereinafter designated as
the surviving corporation.

(b) The terms and conditions of the proposed
merger.

(c) The manner and basis of converting the shares
of each merging corporation into shares or other
securities or obligations of the surviving corpor-
ation.

(d) A statement of any changes in the articles of
incorporation of the surviving corporation to be
effected by such merger.

(e) Such other provisions with respect to the pro-
posed merger as are deemed necessary Or desirable.

Procedure for Consolidation

Section 64. Any two or more domestic corporations
may consolidate into a new corporation pursuant to a
plan of consolidation approved in the manner provided
in this Act.

The board of directors of each corporation shall,
by a resolution adopted by each such board, approve
a plan of consolidation setting forth:

(a) The names of the corporations proposing to
consolidate, and the name of the new corporation into
which they propose to consolidate, which is herein-
after designated as the new corporation.

(b) The terms and conditions of the proposed con-
solidation.

(c) The manner and basis of converting the shares
of each corporation into shares or other securities
or obligations of the new corporation.

(d) With respect to the new corporation, all of the
statements required to be set forth in articles of
incorporation for corporations organized under this
Act.

(e) Such other provisions with respect to the pro-
posed consolidation as are deemed necessary Or desir-
able.

in either case, the board of directors must submit the plan
of merger or consolidation to the shareholders for approval.

Any restrictions on consolidation are most likely to be
found in the articles of incorporation, by-laws, or legends
fixed upon stock certificates. These impediments represent
the greatest obstacle because shareholder approval must be
sought to amend or remove them.
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Whenever applicable, federal involvement in irrigation
systems development must be considered. Federal laws,
cases and agencies affecting a particular area shall be
examined to document sources for or impediments to consoli-
dation. For instance, the impact of the Bureau of Reclama-
tion in the Fallon, Nevada area cannot be overlcoked. The
Fallon, Nevada area must be recognized for its water devel-
opment role. Of importance to the irrigation system at
the individual and irrigation company levels is the accept-
ance by the Bureau of a local contracting agency.

These are the legal perspectives that must be thor-
oughly explored in determining impediments or facilitators
to consolidation or alternatives for efficient use of
water, manpower and capital within irrigation systems. In
general, the methodology will include a state by state
examination of the (1) state laws, (2) state judicial dec-
isions, (3) laws pertaining to creation and authority of
state and local water agencies, (4) conducting of inter-
views and submission of questionnaires to the state and
local agencies and companies and to individuals influen-
cial at all these levels, and (5) an examination of the
federal laws, cases and reports relative to the study
areas. Secondary data will be utilized where available,
but with primary emphasis on the use and compilation of
primary data.

SOCIOLOGICAL INVESTIGATIONS

The central question of the sociological portion of
this query is how to theoretically and methodologically
approach the social dimensions of natural resources. The
previous general categories of institutional or human fac-
tors and other sensitizing categorizations provide little
observational direction and analytical focus for the study
of the social dimensions of any water management system.
The existing literature provides little guidance as to the
sociological approaches to water resources, with the sparse
and spotty work being more descriptive than analytical
and with few verified generalizations.

In essence, the core argument of this part of the
study is that although water supply and quality them-
selves are vital in any discussion of resource utiliz-
ation, a key element will be the specific mechanics of
organizational structures which will determine and secure
constant monitoring and expansion of water supply, adequate
distribution operations, and the meeting of local, regional
and eventually national water use goals.

The alternatives of better organizational structures
and processes to meet present and future demands require
recognition of both physical and social dimensions of the
given water system. Such a systems analysis views water
management as a system operating in a given environment
where inputs (physical and social) processed through the
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"organization" result in outputs or goals established for
the functioning of the system.

If one is to look at any organizational unit, includ-
ing water use systems, one must take into account some
systematic format which brings together component parts.

To start with, there are two major environments within which
component systems or subsystems operate: a) the external
environment which is both natural and man-made, and b) the
internal environment, encompassing all subsystems operating
primarily inside the boundaries of the external environment.
Any model then would integrate external and internal envir-
onments, where inputs (resources), through the system
(means) will contribute to outputs (objectives or goals).
Simply, a particular system implies a collection of people,
devices, and procedures intended to perform some function.

A systems model is a working model of a social unit which

is capable of achieving a goal and involves the systematic
exploration, analysis and evaluation of all the possible
consequences of proposed alternatives to an on-going system.

The general preoccupation with a systems approach in
this study is part of the overall thrust of the present
research in integrating physical and non-physical dimensions
of irrigation systems. At the same time, such a systemic
approach includes not only the conditions under which par-
ticular structures are maintained, but also the conditions
under which processes and activities contribute effectively
in the service and achievement of a given goal. '

While the specific variables required to analyze a
system are innumerable, indicative of the thrust of the
research on the general or macro-level are the following:

1. Input considerations, such as the physical envir-
onment population characteristics, normative
resources, economic viability, political networks,
and technological developments;

2. System considerations, or the specific structures
and processes within an irrigation company with
major emphasis on such component parts as per-
sonnel, facilities, and procedures;

3. Output considerations, referring to the estab-
Tished goals of an irrigation company revolving
around such goods or services as total volume
of water supply, water quality, flow and distri-
bution, enhancement of life, and long-range
water resource development.

In line with the major emphasis of this research in delin-
eating the factors facilitating or hindering consolidation
of irrigation companies, the primary focus of analysis will
be the following inputs or constraints of an irrigation
system:
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1. Engineering inputs (part of natural resources
inputs) having two major dimensions:

a. Hydrology or water supply problems, such as
time history, diversions, and crop water
demands;

b. Network requirements (water facilities), such
as canals, pumps, delivery systems, and irri-
gation return flows.

2. Legal inputs such as the substantive water law
(prior appropriation), legal aspects of surface and
ground water, duty of water, administrative aspects
of law, requirements and limitations, and the
specific allocations of individual water rights as
well as State and Federal water rights.

3. Social inputs such as ecological and demographic
characteristics and the normative resources of
communities within which irrigation systems are
located.

(See Figure 4 for an example of the proposed systems analy-
sis.)

Given, then, such existing inputs in each of our eight
irrigation systems, one must look at the organizational
arrangements devised to meet the goals of irrigation com-
panies. A more long-range goal of such an approach will be
not only an analysis of each organizational form per its
component parts, but also a delineation of organizational
sets, or "interorganizational environment," since most irri-
gation systems have quite a number of companies interacting
within a particular area. Since the research question is
that of the desirability, or not, of the consolidation of a
number of companies within an irrigation system, we want
also to know the "organizational field," i.e., the inter-
relatedness and exchange among companies and the differen-
tial performance between systems which do, or do not, have
such interrelatedness (or have it in varying degrees).

Another key question that faces this research effort
is that of measuring organizational effectiveness of the
irrigation companies. Before one proceeds with any kind
of technical decision or policy guidelines as to the
advisability or necessity of consolidation, one must examine
not only the manner and extent of how present goals are met,
but also the manner by which irrigation companies can meet
future goals resulting from changes in both the external
and internal environments. Thus, the sociological examin-
ation of an irrigation system and the measuring of relative
effectiveness of consolidated vs. non-consolidated irri-
gation systems involves preoccupation with three types of
changes and their consequences:

a) changes in the external environment which lead to
changes in inputs (people, money, technology) ;
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b) changes in organizatinnal structures and pro-
cedures because of changes in size, capacities
and technology, different roles or organiza-
tional forces, power, etc.;

¢) changes in output or "goal alterations" which
result from the interchange of goals between man-
ifest and latent levels, goal displacement, etc.

All in all, these changes require consideration of how new
organizational forms can be devised to meet new and growing
demands. We are essentially asking the question: what pre-
paredness for alternative schemes exists in our systems?

And how much interrelatedness and exchange among companies
in a particular water system not only exists but contributes
to differential performance between systems?

The proceeding systematic examination of irrigation
systems emphasizes a central argument of the research,
namely that of measuring each possible engineering case of
consolidation against non-physical constraints and facili-
tators affecting long-term water use goals. In addition,
organizational preparedness and response of agencies and
communities also provide important indicators about the
ability of a particular irrigation company Or system of
companies to effectively meet future demands. Organiza-
tional effectiveness would then imply the extent to which
an irrigation system achieves its objectives without incap-
acitating its means and resources and without placing
undue strain on its members. The question of our research
is whether this is more apt to occur within a consolidated
or a non-consolidated irrigation system.

It is important to notice at this point that the deter-—
mination of "productivity" and the consideration of alter-
native designs in an irrigation system provide the oppor-
tunity for an important tripartite distinction in the eval-
uation of the relative levels of performance of the irri-
gation systems under examination. First, efficiency has
fo do with the relationship between Input (resources) and
Output (goals) and it is primarily measured in terms of
economic benefit-cost analysis. Secondly, effectiveness
indicates the relationship between System (thruput) and Out-
put (goals) evaluated mostly in terms of organizational per-
formance, or the meeting of purely organizational goals.
Last, but not least, efficacy incorporates the meeting of
social goals and assumes the consideration of social cost
criteria or some delineation of qualitative indices. Qual-
itative criteria and consideration of social goals trans-
cending purely utilitarian criteria provide us with the
difficult task of trying to strike a balance between ful-
filling water use goals in expedient, technologically and
economically feasible ways, as related or contrasted to
questions of environmental deterioration or the pursuit of
not easily measured larger social policies. The questions
of "social utility" are part of subjective models which are
much more difficult to construct, yet they contain desired
long-range policies for a social use of natural resources.
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The design of the sociological aspects of this inves-—
tigation can be summarized in a series of interrelated
propositions, encompassing the essential argumentation
regarding the importance of a systematic view of an irriga-
tion company:

1. New and expanding demands from the sources, indi-
cated repeatedly above, generate the need for a
reconsideration of present irrigation systems;

2. Such a reconsideration is necessitated by the real-
ization that existing water systems have either
physical limitations or deficiencies or are organ-
izationally (and legally) ineffective in meeting
future demands;

3. Possible consolidation of fragmented systems of
companies has to be considered, first, as
desirable (from the specialist's as well as the
user's point of view) and, second, as feasible
(again from both the specialist's as well as the
user's point of view);

4. What makes consolidation an important research
gquestion are the systemic linkages of three major
clusters of facilitators or constraints in the
achievement of such an operation:

a) Engineering constraints and facilitators having
to do essentially with problems of supply and
aspects of distribution

b) Legal constraints and facilitators involving
the two interrelated aspects of the substantive
law and of the implementation machinery

c) Social constraints and facilitators as affected
by and affecting first, the community environ-
ment, second, the organizational structure, and,
finally, perception of alternatives and change;

5. From the sociological point of view, attempts
toward consolidation depend on the individual's
knowledge and attitude toward each of the above
three clusters of constraints and facilitators as
well as his overall orientation toward change.
This means an understanding of:

a) Perception of the individual's interpretation
of engineering, legal and social characteris-
tics of the irrigation system (the social
world, or the actual environment), on both the
informational (knowledge) and attitudinal
levels;

b) Perception of the individual's predisposition
toward change of engineering, legal and social
alternatives as related to irrigation systems
(again, on both the knowledge and attitudinal
levels);

6. An important question on successful consolidation
is also the nature and extent of the inter-
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relationship of knowledge and attitudes by an
individual towards a specific irrigation company
or irrigation system. This implies an analysis
of the types of congruence between the degree of
satisfaction with present arrangements, the pre-
disposition towards change, and the perception of
alternatives vis-—-a-vis present arrangements.

The sociological analysis of an irrigation system
requires, then, an understanding of broader problems invol-
ved in the large matrix of interrelated environments and
subsystems. A different approach is required involving
technological assessments and evaluations that include much
broader constraints than have been imposed in the past.

The so-called "human problem" is part of closely related
forces operating on both the individual and group levels.
It is a major assumption of the proposed design, however,
that organizational response of agencies and communities
is primarily shaped by the constraints and facilitators of
the encompassing external environment (physical and man-
made), rather than by capricious individual acts.

In order to meet the broad objectives of this socio-
logical research, a number of specific techniques and pro-
cedures are proposed. To start with, a general social
reconnaissance of the valleys selected is supplemented by
a number of informal interviews with officials and irri-
gation users. A review of archives and secondary source
material related to the selected irrigation systems and to
the ecological setting of specific irrigation companies is
reinforced by an analysis of the 1970 census returns for
the same areas as well as earlier population data. Because
of the extensive material and the stated purposes of the
study, a decision was made to concentrate the effort
towards the collection of primary data in three irrigation
systems: Eden Valley, Ashley Valley, and Poudre Valley.
These cases were selected as part of a smaller scale con-
tinuum (Eden, small with 71 users and only one irrigation
company; Ashley, intermediate with approximately 1200
users and five main irrigation companies; and Poudre, large
with approximately 6200 users and 34 principal irrigation
companies) .

The in-depth study of these three irrigation systems
was accomplished by a questionnaire survey of a randomly
selected sample of individual users and a number of inter-
views with company officials. The design of the question-
naire contains information around two major clusters of
independent variables: socio-economic background of irri-
gation users and property characteristics of their holdings;
and the relationship and identification of the individual
user with the particular irrigation company. An inter-
mediate variable of particular significance contains a
cluster of questions around water use patterns of indiv-
idual users. Finally, three clusters of variables contain
the dependencies of the present research: the degree of
traditionalism - modernism, the extent of satisfaction with
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present arrangements, and the perception of alternatives
to present irrigation system arrangements.

The primary data collected has been coded and pro-
cessed on IBM cards and advanced analytical techniques are
employed per selected socio-economic and ecological indi-
ces. The results of the survey and the utilization of
available data provide the background effort for an inte-
grated analysis of major factors affecting the decision to
consolidate or not.

SUMMARY

An imaginative water resource program and an efficient
and effective water management policy are necessary ingred-
ients of meeting the challenges of growth and the required
adjustments resulting from new and expanding demands. Water
allocation involves very broad segments of society, and
water must be managed in a manner that is a compromise bet-
ween technical feasibility and competence and general public
interests in order to insure the socially, as well as the
physically, efficient utilization of this resource.

Consolidation of irrigation companies in particular
seems to be an imperative for the Intermountain region
where perennial scarcity coupled with strong trends of
population growth and new demanding economic activities pro-
vide both the impetus and the needed urgency for a prudent
policy of water management under effective organizational
structures and processes. As George Clyde ! has succinctly
stated, there are seven direct benefits to be derived from
consolidation of irrigation companies, benefits which in
turn would be passed on to the farmer. These are:

"1. Reduce conveyance and administrative water losses
in a multitude of duplicating ditches;

2. Decrease costs of water distribution by reducing
the numbers of directors and watermasters;

3. Increase flexibility and efficiency of available
water supplies;

4. Make it possible to employ trained men to operate,
maintain, and improve the irrigation system;

5. Strengthen the financial structure so that ade-
quate financing for O&M, replacements and better-
ments may be secured;

6. Make possible the effective integration and use of
natural flow, surface storage and ground water
supplies;

7. Provide a more effective organization to partici-
pate in basin-wide development and to contract
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with Federal Government or other agencies for
additional water supplies to improve the distri-
bution systems."

The problem of consolidating irrigation companies in
the West and the quest for an interdisciplinary approach of
physical and social sciences provide an excellent oppor-
tunity for the application of macro-models, for handling
organizations as units, and for the establishment of long-
range policies of social intervention. The overall study
on the consolidation of irrigation systems tries to provide
the synthesis for such an integrated approach by focusing
on the following major research themes and dimensions:

1. An attempt towards "interdisciplinary" synthesis
by a complex accounting of a host of physical and
non-physical factors which act as either facili-
tators or constraints towards efforts of consoli-
dation;

2. A by-product of the above emphasis is the orien-
tation towards an integrated model of water
management systems incorporating aspects of
external and internal environments through an
Input-System-Output analysis;

3. The target areas have been selected as parts of a
"continuum" representing not only cases of con-
solidated and non-consolidated irrigation systems,
but also other important differentiating dimen-
sions of size, complexity, and socio-economic
characteristics. Such a comparative approach
attempts to delineate important similarities and
dissimilarities in order to provide some verified
generalizations concerning the feasibility and
effectiveness of consolidation;

4. Finally, the present study has the additional
advantage of involving both macro- and micro-
level considerations. There is not only an
effort to account for the major parameters of the
organizational units and of the essential con-
straints of the external environment; important at
the same time is the examination of the individual
response to the particular organization, his pat-
terns of water use, and his generalized predis-
position towards life, his community, and future
orientation. After all, although collectivities
and larger environments provide the background of
determining forces, the individual and the con-
siderations of social utility of efficacy remain
a primary preoccupation of the research and of the
envisaged water policy recommendations.

Water as a precious natural resource requires an intensive

and continuous effort of study and analysis so that the

concern with the "environmental crisis" will not remain
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only as a generalized anxiety cof doomsday prophesies, but
will act as the impetus and the motivating force for an
intelligent, methodologically consistent, theoretically
incisive, and socially conscious systematic work of
natural resources management and conservation.
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PART THREE

LEGAL ASPECTS OF THE CONSOLIDATION PROPOSITION

INTRODUCTION

This chapter contains the essence of formal legal in-
volvement in the operation of irrigation systems. The key
issues to be described and analyzed are: (1) the sub-
stantive water code of each state, in general that being the
appropriation doctrine, in specific, that being the distin-
guishing variations in the code effecting consolidation
propositions as one alternative to improved water utilization
in irrigation systems; (2) the organizational arrangements
that prevail with the irrigation systems, their legal status
and function; and (3) the corporate code position on consoli-
dation or merger for each state studied. Although the majority
of water organizations are unincorvorated, as opposed to in-
corporated mutual companies, the key constraints to consoli-
dation in the former exist within the organization itself,
while the incorporated feature of the latter requires compliance
with legislated law and thus a determination of the external
(and possible overriding) constraint.

SUBSTANTIVE LAW

The term substantive law refers to that part of law which
creates, defines and requlates rights.® In the area of water
law, this substantive material if found in state constitutions,
statues and case law.

Lack of uniformity in the law among the study states re-
guires that the material be divided according to state. All
five of the study states, however, base their water law on
the appropriation doctrine. A brief look at the basic prin-
ciples of that doctrine is therefore appropriate at this time.

Appropriation Doctrine - In General

The prlmary prlnciple of the appropriation doctrine is
prlorlty in rlght. This pr1nc1ple has been stated as "first
in time is first in rlght" and means, basically, that when
a water deficit occurs, allocation diversions among users
are closed in an inverse order, i.e., the latest allocation
right granted is the first to be closed. This order is fol-
lowed regardless of the type of use being made of the water.?®

The second principle of appropriation is that the water

in question must be the subject of a diversion.? This is
usually a man-made mechanical diversion But not necessarily so.!?
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A third principle of appropriation is that a beneficial
use must be made of the water appropriated.!! The doctrine
of beneficial use was developed to limit the amount of water
diverted to that reasonably needed for use--the assumption
apparently being that if a use was "reasonable," it was
beneficial.!? There is no precise definition of beneficial
use that can be applied to all water uses so the measure of
"reasonableness" is crucial.!® It thus becomes circular--
what is beneficial is reasonable and what is reasonable is
beneficial. 1In view of the dynamic state of American water
law and the additional demands placed on water by growth in
this country, it is perhaps wise not to make definitions of
crucial concepts too rigid.!'*

The fourth principle is that a valid appropriation of
water is a right in real property.!® This right of property
can readily be recognized as an impediment to easily changing
existing water use arrangements in spite of the demands of a
dynamic society.!® This property right is not absolute!’ but
is, rather, a usufruct!® in a stream consisting in the right
to have the water flow so that some portion of it may be re-
duced to possession and be made the private property of the
individual during the period of possession, and it is, there-
fore, the right to divert water from natural streams b¥
artificial means and apply the same to beneficial use.!®

Finally, an aggropriative right in water must exist for
a definite amount. This is known as a "duty of water" and
serves to quantify the doctrine of beneficial use by setting
a maximum consumption which will be recognized as a reason-
able beneficial use.2?! This right or duty of water is usually
expressed in terms of quantity of flow per second but may
also be stated in acre feet, time or season ¢of the year or
the amount of beneficial use which can be made of the water.?2?
The statutory provisions prescribe the maximum amount allow-
able but it is understood that if the reasonable beneficial
use is less than this amount, the need will prescribe the
limit. 2?3

In considering these areas, it will be noticed that the
word "reasonable" is used repeatedly. In considering methods
of consolidating water systems, it might prove fruitful to
consider whether a practice which is resulting in wasted
water is "reasonable." The concept of reasonableness may be
an effective legal vehicle for achieving the desirable goal
of eliminating practices which waste water.

Each study state has modified the appropriation doctrine
to some extent but all of them have adopted it. These
modifications are best seen on a state by state basis. The
salient point to be considered is to what extent consolidation
of water system in each of these states has been aided or
impeded by these modifications.
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Arizona

In Arizona, the waters of all sources belong to the
public and are subject to appropriation and beneficial use?"
but are placed in trust under the state land department which
controls and supervises the water for the public,? The
state land department will divide the state into water
districts,?® each with a superintendent whose duty it shall
be to divide, regulate, control and prevent the waste of
water within his district.?

Appropriation Doctrine. The appropriation doctrine has
been adopted in Arizona.‘°® Any person including the United
States, the state or a municipality desiring to make benefi-
cial use of water must aggly to the state land department for
an appropriation permit. All applications for an appropri-
ation permit for beneficial use will be granted unless there
is a conflict with vested rights or the approprlatlon would
be against the vested interests of the public.?° The decision
of the department s commission relating to the approprlatlon
permlt is not appealable to the Supreme Court. 31  The grant-
ing of this permit authorizes the applicant to immediately
begin taking steps to beneficially use the water requested. 32
This permit may be assigned to another person. 3  when work
to put the water to benef1c1a1 use is completed, a certificate
of right is issued.’®

The state land department is authorized to determlne the
state of confllctlng claims to water rights.??® ublic
notice must be given of the pending 1nvest1gatlon,  the lands
and streams must be examined,®’ notice of the hearing given
to the claimants,®® and, upon hearing all the evidence, and
admlnlstratlve determination is handed down which is conclu- -
sive,?? unless a claimant exercises his right to appeal this
determination to the Supreme Court.*’ U?on final determina-
tion, a certificate of right is issued."

The criteria for approval is that the proposed right
must be for a beneficial use and not be in conflict with a
vested interest or the best interests of the public."?

An appropriator has been judicially defined as one who
makes an application of public water on land he owns, said
application to be for beneficial use. *3 An appropriation
was defined by an early court as the intent to take, accam-
panied by some open, physical demonstration of the intent,
for some valuable use and consummated without delay.** Added
to this are the requirements that the appropriated water be
a specified amount, diverted, for a beneficial use, “5 and
that only waters in their natural as dlstlngulshed from
artificial, condition are approprlable.

Water nght. A water right is the right to use water
consisting of its prior agpropriation and beneficial
appllcathn to the soil. From this, it can be seen that
the right is unufructory in its nature and not absolute. "
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Priority. This has been stated as "first in time is
first in right""? and means that the first person appropria-
ting the water shall have the hetter righ-t- 50 In Arizona’
the appropriation dates from the time a purpose to make an
appropriation was deflnltely formed and actual work on a
pro;ect had begun®!--more notice of appropriation is ineffec-
tive.®? The appropriator's right may "relate back" to the
initiation of appropriation when diligence is exer01sed in
applying appropriated water to beneficial use.®? As a general
rule, actual construction on appropriation projects must be-
gin within two years after approval of the application and
must be completed within five years.’"

Diversion. The term "diversion" per se is not statut-
orily defined per se in Arizona but a list of offenses for
tampering with another's water provides a list of items
which mlght reasonably serve as a starting point for defini-
tion.%% pPerhaps trying to define diversion would result in
needless confusion. The judiciary in Arizona has proceeded
as if the word's meanlng was so obvious that it did not re-
quire formal definition.’® The important concept seems to
be that the property claimed be segregated from the rest of
the resource so as to indicate separate ownership.

Beneficial Use. The term "beneficial use" per se is
not statutorily defined per se in Arizona.®’ Though undefined
it is the "basis, measure and limit to the use of water" in
Arizona.®® It follows that no approgriatlon is valid unless
it is pursuant to a beneficial use. Judicially, the term
has been defined as "to the effect that a water right is
attached to the land on which it is beneficially used..."®?®
Perhaps in view of the dynamic state of the law the best
course is to leave definition to judicial determination on a
base by case basis.®

Relative Value of Uses. When a deficiency of water
occurs 1in a given water supply, the state land department
shall give preference to one applicant for water over another
applicant according to the relative wvalues to the public of
the proposed use. These relative values shall be:

1. Domestic and municipal purposes. Domestic purposes
shall include gardens not exceeding one-half acre
to each family.

2. Irrigation and stock watering.

3. Power and mining uses.?*

4. Recreation and wildlife, including fish,®?

Real Propertyv. A water right 1s generally considered
to be a real property right or land. This appears to be
the state of the law in Arizona--especially in view of the
fact that the waters are supervised by the state land de-
partment.®* In addition, though a nonirrigation right may
be severed from the land to which it is aggurtenant for non-
irrigation or uses unconnected with land, an irrigation

*The use for mining, however, does not include the right to
send tailings and waste from reduction works downstream to
the detriment of prior users for irrigation. Arizona Cooper

Co. v. Gillespie, 230 U.S. 46, 33 Sup. Ct. 1004(1913)
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right may only be severed from its land by attaching it to
other lands and then excluding the cut-o0ff lands and includ-
ing the new lands in the irrigation district.®® In effect,
this makes irrigation rights appurtenant to their irrigation
districts--not to the land. Also, it has been judicially
decreed that land transferred is subject to any wvalid water
rights attaching thereto.®’

Further substantiating the position that water is real
property in Arizona is the statutory determination that
"real property means lands,..., including appurtenances...®®
and the fact that this propertg, is to be condemned under
the powers of eminant domain.® This means that the state
recognizes a property right deserving recompense. This is
compared with the police powers where no such right is
recognized.

As can be seen, water rights are not absolute in their
nature.’® In addition to the foregoing limitations, the
"duty of water" limitation must be mentioned. In Arizona
the only limit to the amount of water appropriated is that
which can be beneficially used.’!

Wasted Water. Wasted water is not statutorily defined
in Arizona but may be referred to here as that water which
is now.lost under current systems and practices but which
might be saved.’?

It is the public policy of Arizona to make the largest
possible use of the water within its boundaries.’?® To this
end, the superintendent of each water district is charged
with regulating waters within his district to apportion the
resource according to right and to prevent waste.’* It is
a misdemeanor to waste water.’® It is decided by an early
court that an irrigation company could conserve surplus or
wasted water as there was no vested property right in this
unappropriated water.’® The picture was clouded by the
Kovacovich decision holding that waters gained by conserva-
tion practices was to be applied only to the land to which
it was originally appurtenant.’’ However, a recent statute
has opened the way to conserving surplus water and taking
it where it is needed.’®

Abandonment of Water Rights. Relevant to wasted water
is the topic of abandonment of a water right through non-use.
Arizona provides that if the owner of a water right ceases
or fails to use that right for five consecutive years, the
right in gquestion shall cease and revert to the public.’® It
has been held that there must be "intent" to abandon a right,?®?
but this intent is not necessary to "forfeit" a water right?®
--a judicial circumvention of a technicality.

Colorado
In Colorado, the waters within the boundaries of the

state, not heretofore appropriated, are the property of the
public and are dedicated to the use of the people of the
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state®? but the state retains the right to distribute the

use of waters.®?® The state will be divided into water dis-
tricts®"* under the control of the state engineer and district
engineers for the purpose of maximizing the benefit and wel-
fare of the citizens of the state through proper water
management. °

Appropriation Doctrine. The appropriation doctrine is
recognized 1n Colorado.°° The right to appropriate water
for a beneficial use shall never be denied.®’ Prior appro-
priation applies as well to underground waters not adjacent
to any natural stream.®® An appropriation is defined as the
diversion of a certain portion of the waters of the state
and the application of some to benefmczal use.®? This does
not require new facilities to be built. °%  Any person who
desires a determination of a water right or a conditional
water right and the amount and priority thereof will file an
appllcatlon with the water clerk setting forth facts support-
ing the ruling sought.? Opposition, if any exists, must be
filed by the last day of the second month following applica-
tion.®? Rulings on applications and oppositions will be
made within sixty days of filing of opposition arguments by
the referee of the water district?® and these ruling may be
appealled to the district water judge. ®

A plan for augmentation which is a detailed program to
increase the supply of water available for benef1c1al use
by one of several available, appropriate means ®5 will be
administered in essentially the same manaer except that all
applications w1ll be handled directly by the water judge in
each district.?® water judges will exercise the broadest
latitude possible in encouraging augmentation plans.?

Water Right. A water right is defined as a right to
use in accordance with its priority a certain portion of the
waters of the state by reason of the approprlatlon of same.’®
From this it can be seen that it is unufructory in nature.?®®

A conditional water right is the right to perfect a
water right with a certain priority upon completion with
reasonable dili?ence of the appropriation upon which the
right is based. Conditional decree statutes are to be
construed and applied to aid and encourage rather than block
development and early use of state water resources. !

Priority. This has been described as the "iirst in time
is first in right."!°? pPriority means the seniority by
date as of which a water right is entitled to divert or con-
ditional water right will be entitled to divert and the
relative seniority of a water right or a conditional water
right in relation to other water rights and conditional
water rights deriving their supply from a common source.
Priority of approprlatlon shall give the better right as be-
tween those using water for the same purpose. 10%  pate of
priority may "relate back" when a conditional water right is
perfected b¥ completion of construction by reasonable
diligence.! Showings of reasonable diligence are required
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during every even-numbered year under conditional water
rights.1%% A list of priorities of water derived from a
common source will be made and maintained by the engineer of
each water division.??’ Priorities have been held to be not
appurtenant to land.!?®

Diversion. Diversion means removing water from its
natural course or location, or controlling water in its
natural course or location, by means of a ditch, canal,

flume, glgellne, conduit, well, pump, or other structure or
device. One ?oint of diversion may serve two or more
appropriations.!!?® There must be a fixed purpose and 1ntent
to effect a valid diversion pursuant to an appropriation.!

Beneficial Use. No final decree can be awarded for an
approgrlation until the water is first put to a beneficial
use. A beneficial use is defined as that amount of water
that is reasonable and appropriate under reasonably efficient
practices to accomplish without waste the purpose for which
the diversion is lawfully made and without limiting the
generality of the foregoing, shall include the impoundment
of water for recreation purposes, including fishery oxr
wildlife.!!?® Beneficial use is a fact guestion depending on
the circumstances of the case.''*

When the waters of any natural stream are not sufficient
for the service of all those desiring the use of same, those
using the water for domestic purposes shall have preference
over those claiming for any other purpose, and those using
the water for agricultural purposes shall have preference
over those using the same for manufacturing purposes.!!®

Real Property. A water right is generally considered
to be a real property right.!'® 1In Colorado, it has been
held that a right to divert water is an "interest in real
estate.”!!’ This is substantiated by the rule that in all
conveyances of water rights, except where the ownership of
stock in ditch companies or other companies constitutes the
ownership of water, the same formalities shall be observed
and complied with as in the conveyance of real estate.!!®
Too, any corporatlon formed for the purpose of constructing
ditches, reservoirs or pipelines may require title to such
right of way or easement as provided by law for the condem-
nation of real estate.'!

In transferring a water right, a request for-a change of
water right or plan for augmentatlon will be approved if no
injury to vested interests results.! 20  Also, owners of water
rights may loan to each other for a limited time, the water
to which each may be entitled for pu oses of saving crops
or effecting a more economical use.'? However, water being
used for irrigation of a particular tract of land will be
confined to that land as long as that use is being made and
cannot be made to do duty to that land and at the same time
be used for irrigation elsewhere.!?? Too, when water in a
drainage canal is turned back into a natural stream, it
becomes part of that stream and is subgject to appropriation.!
The "duty of water" is limited to the amount needed for and
put to a beneficial use.!?"
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Wasted Water. Wasted water may be defined as that water
which is now lost under current systems and practices but
which might be saved.!?* 1It is public policy to maximize the
beneficial use of all water in the state.'?® The division
engineer is empowered to order discontinuance of diversion
within his division to the extent that the water is not
needed for a beneficial use.!?® The owner of any irrigating
or mill ditch is charged with keeping the ditch in good re-
pair and preventing water from wasting. 127 violation of an
injunction issued pursuant to § 148-21-35 will allow the in-
jured party to collect threefold the dama?es sustained plus
the cost of the suit and attorney's fees.

Adverse Possession. There must be open, notorious,
actual, visible, continuous, hostile, exclusive possession
of water for adverse possession of a water right to be re-
cognized.129 From these requirements, it is obvious that thi
is to be discouraged. Too, the adverse possessor may not
acquire title to unappropriated water--these are the property
of the public.'!

Abandonment. Failure to use a water right for a bene-
ficial purpose for a perlod of ten years creates a rebuttable
presumption of abandonment.!?! Abandonment of a water right
means the termination of a water right in whole or in part
as a result of the interest of the owner thereof to discon-
tinue permanent1¥ the use of all or part of the water avail-
able thereunder.'?®? Abandonment of a conditional water right
means termination of a conditional water right as the result
of failure to develop with reasonable diligence the proposed
appropriation. 133 phe question of abandonment of water
rights is one of intent that must be shown by clear and un-
equivocal evidence. Mere lapse of time does not constitute
an abandonment13“——though it may be relevant to show 1ntent.
It is a question to be determined from surrounding facts.!3®

Nevada

In Nevada, the waters of all sources within the bound-
aries of the State belong to the publlc. 37 The State,
however, may prescribe how water is to be used!®® and to this
end the state englneer is charged with assuring proper dis-
tribution of water.!%®® This office is under the control of
the department of conservation and natural resources.'®’

Appropriation Doctrine. The appropriation doctrine is
recognized in Nevada.'®! An "appropriation" was defined
early as an actual diversion of water with intent to apply
it to beneficial use, followed by an application to such use
within a reasonable time.'"*2? The requirement that water
which is appropriated be applied to a beneficial use remains.
It is statutorily provided that all vested rights prior to
1913 will not be disturbed.!** Judicially this was extended
to 1905.1%% Determination of relative rights on a stream is
to be made by the state engineer after notice has been sent
to all claimants and a proper investigation has been accom-
plished.'*® Aggrieved parties may file a notice of exception
to a determination which requires that final determination
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be made by district court. This notice of exception must be
filed at least five days prior to determination hearing date.!"’
The judicial determination is appealable to the Supreme

Court by either the state engineer or another aggrieved party.

Water Right. The rlght is usufructory, the basis of
which is bene%icial use. This right to use the water is

acquired from the government.!®?

Priority. The first appropriator of the water of a
stream has a right to the quantity of water he has appropri-
ated as against subsequent appropriators from the same source'?®!
and the rights of the latter are subject to that of the one
who was first 1n time regardless of their relative locations
on the stream.!®? When water is appropriated for a certain
period of time, a later appropriator may acqulre a right to
the same water during different periods of time.!®?® Owners
of lands to which water is appurtenant may rotate in the use
of water to which they are collectively entitled. A single
use may do this as well as long as nho earlier priorities are
injured.!®* All permits are subject to exlstlng rights to
the degree and modlflcatlon thereof entered in such adjudica-
tion proceedings.!®® The date of priority may "relate back"
to the time when the first step was taken in cases where
constructlon is needed if the work is completed with due
diligence.!%® pProof of reasonable diligence may be requmred
by the state engineer if good faith progress is doubted.'!
Before beginning construction or performing any work on an
appropriation or changing of place or use, an application!?®?®
to the state engineer must be made.!®? Construction work
pursuant to a certificate of appropriation must begin within
one year of date of approval of application and be finished
within five years. This time limit may be extended with good
cause. '®® Work progress statements are required within 30
days after the date set for commencement of work and will be
filed as required by the state englneer under penalty of for-
feit of permlt for failure to do so.l'®

Diversion. "To establish an appropriation of water, the
proof must show.., an actual diversion from the stream..."!®?
It is immaterial whether the water is taken by ditch, flume
or pipe or any other method.'®? Segregation of the water
from its natural source to indicate ownership seems to be the
controlling factor.

Beneficial Use. The term "beneficial use" is not defined
per se in Nevada. Though undefined, it is "the basis, the
measure and the limit of the right to use water."!'®® Benefi-
cial use is a public use and any person!®® may exercise
eminent domain to condemn lands required for construction or
maintenance of works for diverting water to a beneficial use.
A beneficial use must be made of an appropriation within 10
years after the appropriation is approved.!'®® A verified
statement showing proof of benef1c1al use is required on or
before the date set for endorsement.'®? Failure to provide
the statement of proof show1n? beneficial use will result in
cancellation of the permit. Water may be stored for
beneficial use.'7”!

167
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Real Property. A water right is realty.!’? However,

absolute property in the corpus of the water of a natural
Stream while flowing therein does not exist; the only right
that can be acquired and the only right by reason of which
one can divert such waters from their natural course is for
a usufructory purpose.'’® A certificate of appropriation
will be sent to the county recorder of the county in which
the water is diverted from its source to be recorded.!’*
Changlng the place of diversion requ1res an application for
permission from the state engineer.!’’® Assignment of rights
which are binding between the immediate parties is allowed
as well as to outside parties if these aSSL?nments are re-
corded in the office of the state engineer.

Appurtenance. All water used for beneficial purposes

shall remain appurtenant to the place of use provided.!7’’

1. That if it should become impractical or uneconomical
to use water at a place, it may be severed and
simultaneously transferred to another place to whlch
it will become appurtenant with no loss in priority.!

2. That this provision does not apply to ditch and
canal companies who have appropriated and diverted
water to persons for a charge.

Adverse Possession. No right to the use of water may be
established by adverse possession no matter how many years
adversely held.

Duty of Water. The right to use water is limited to so
much thereof as may be necessary for beneficial purposes.!8®
The duty will be determined by the state engineer and shall
take into consideration the area of the state where the use
will be made, the growing season, type of culture to be irri-
gated, transportation losses and any other data he may con-
sider relevant.!®! The legal standaxd for measurement is a
cubic foot of water per second of time!®? and volume is
measured by acre feet.!®? Allowance for conveyance losses
will be allowed if the conveyance facilities are reasonable
and economic.!®* The measure of water that is relevant is
the flow at the head?ate and owners are not to be penalized
for losses upstream.

Wasted Water. Wasted water has not been defined per se
but it may be referred to as that water which is now lost
under current systems and practices but which might be saved.
It has been held that it is water runnlng from irrigated land:;

water not consumed by irrigation.!®’ This has been statutorily

expanded upon in providing that when the necessity for the
use of water does not exist, the right to divert it ceases~--
no water will be diverted unless required for beneficial pur-
poses.!®® It is a misdemeanor to waste water as well as make

an unlawful diversion during irrigation season.'®? Possession

of water without right is prima facie evidence of guilt.!??

Abandonment and Forfeiture. Failing to use diverted
water for five successive years shall operate to abandon the
water and forfeit all rights, easements, appurtenances and
water and such water will revert to public domain.
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Abandonment needs an intent to relinquish rights!®? as
well as overt acts to the same effect.!®?

Forfeiture operates upon mere failure to do a required
act and, indeed, may operate to take rights from someone who
has every intent to use them.!?"

Utah

In Utah, all waters are the property of the public!?®
subject to appropriation!®® and beneficial use!®’ but are
placed in trust under the state engineer who is charged with
appropriating, distributing and conserving water to allow as
much beneficial use as possible in the interest of the public
 welfare.'®®

Appropriation Doctrine. The appropriation doctrine has
been adopted in Utah.'”” Any person desiring to make benefi-
cial use of unappropriated water must, before beginning con-
struction on projects, make application for such use to the
state engineer's office?’? who will approve the application
unless the new use will interfere with an existing water
right or impair a more beneficial use of water.?2® When the
state engineer is satisfied that the beneficial use proposed
will not operate in conflict with or to the detriment of
existing rights, he will issue a certificate of appropriation
which operates as prima facie evidence of the owner's right
to use water in the quantity, for the purpose, at the place
and during the time specified therein.?°? This decision is
reviewable by district court.??® The state engineer will
investigate conflicting claims upon water rights acting in a
quasi-judicial capacity.??* This investigation is initiated
by the signatures of five or more users of water of a stream
or a majority of those users. Upon determination of the
conflict, a copy of the engineer's report will be sent to all
claimants and this report may be appealed to the district
court within ninety days.?2°°®

The criteria for approval for an appropriation certifi-
cate, basically, is that there must be an intent to use the
water for some useful and beneficial purpose.?°® Aadditionally,
there must be a diversion or actual taking and using of
water from a natural channel by means of a ditch or other
structure and a beneficial application of the water within a
reasonable time.2?°’ An appropriator must have some sort of
possessory right to the land though title need not reside in
him.2°® The appropriation must be for good faith purposes???
--not for speculation--and in cases where construction is
needed, financial ability to complete the needed work is re-
quired.?!? The appropriation must be for a specified amount.?'!

Water Right. The appropriative right to water is a right
to use the water and is, therefore, a usufruct.2?!? This use
is derived from the State?!® and is a right to divert from
the source of supply the quantity of water reasonably neces-
sary for the purpose of the appropriation, not an ownership
in the corpus of the water while flowing in the stream.?'®

-58~-



Priority*. Between appropriators, the first in time shall
be fixrst in rights?'® except that when a conflict occurs be-
tween beneficial uses, the approval of new applications will
be administratively determined by the state engineer.?!®
Also, in times of scarcity, domestic use shall have prefer-
ence over all other uses followed in importance by agricul-
tural uses.?!’ The appropriation is dated by the application
date filed in the state engineer's office.?! It has held
that this priority may "relate back" to the date of filing
when construction is needed but that the priority is fixed
only for the applicant who can perfect his appropriation.?2?!?®
No right mag be acquired without compliance with statute
provisions,“?? i.e., construction will not work an estopped
benefit for a party who has not filed his application. Nor
will rights be acquired by adverse possession.??!

Diversion. Though the term "diversion" is not statutorily
de fined, this requirement has proven critical in judicial de-
cisions.??? This re?uirement pertains to appropriative
right--not riparian.??® Mere use for cattle from a natural
stream is not a diversion that will satisfy the requirement
for an appropriative right.22%*

Beneficial Use. The term "beneficial use" is not de-
fined statutorily in Utah,22® but it is the "basis, the mea-
sure and the limit of all rights to the use of water" in
the state and has been repeatedly substantiated.??® Determi=-
nation of what constitues a beneficial use is apparently
made by the state engineer when considering an application
for an appropriation certificate. In view of the dynamic
state of the law, perhaps it is best to leave difinition to
the state engineer and the judiciary on a case by case basis.?2??2

7

Relative Value of Uses. Though there is no extended
hierarchy of values, in times of scarcity, the use for
domestic purposes shall have preference over use for all
other purposes and agricultural use will have preference
over any other use except domestic uses.??2?

Real Property. A water right is generally considered
to be a real property right.22° This appears to be the state
of the law in Utah but if¥ is qualified in several respects.
Water rights shall be transferred by deed in substantially
the same manner as real estate but such rights shall not be
deemed as appurtenant to the land.??? This deed is recordable
with the recorder for record and serves to impart notice to
all persons of the contents therein.??! The requirement of
a deed does not apply to transfers by corporations--shares
of stock operate in its place.?%? Some waters are appurtenant
to the land, however, in which case the right to use the water
passes to the grantee unless specifically reserved by the
grantor in which case it may be separately conveyed.®??
Acquiring title to public lands does not also acquire title
or interest to the waters on those lands.?3*

*Priority is a property right and transferrable as such.
Whitmore v. Murray City, 107 U. 445, 154 P2d 748(1944). Pri-
ority supplies only to vested rights. Tanner v. Bacon, 103
U. 494, 136 P2d 957(1943).
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Duty of Water. The unit cf measurement of the flow of
water 1s the discharge of one cubic foot per second of time
[a second-foot]; the unit of measurement of volume is the
acre foot or the amount of water upon an acre covered to a
depth of one foot.23° The limits of volume are not statut-
orily set; rather, an appropriation will be measured by the
amount of water needed for the particular beneficial use in
guestion.?

Wasted Water. Wasted water is not defined in Utah but
may be referred to as that water which is now lost under
current systems and practices but which might be saved.

It is contrary to public policy in Utah to waste water.?3®
To the end of preventing such waste, the state engineer is
charged with regulatory waters to prevent uses of water that
are detrimental to the public welfare——a welfare that includes
recreation and stream environment.??®?®

Abandonment of Water Rights. When an appropriator or
his successor in interest abandons or ceases to use water for
five years the right shall cease and revert to the public
unless an extension is issued by the state engineer for a
period not to exceed five vears.??®?

Abandonment. In order for there to be an abandonment,
there must be an intent to abandon coupled with some act of
relinquishment by which the intent is carried out.?"° Intent
is an essential element and over water rights are established
the burden of proof is upon the person claiming an abandon-
ment to show that the water has, in fact, been intentionally
abandoned. ?"*!

Forfeiture. Forfeiture is based on the failure to use
the rIght to water for the statutory time limit.2?*? For-
feiture will not ogerate where the. failure to use is due to
physical causes.

Wyoming

Wyoming adopted and has maintained a pure form of the
appropriation doctrine. It has constituted significantly
to the institutionalizations of an integrated administrative
arrangement accepted by many western states.

Ownership of Water Within the State. The gomlng Con-
stitution provides that ownership“”" and control of the
state's water resides in the state--not in the public. This
has been interpreted to mean that the state holds the water
in trust for the use of the public.?"® This means that a
water rlght is for the use of the water--not for the water
itself. This ownership by the state of the water within
the state allows much discretion in distribution?“® and ad-
jucation?"® of water rights.
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Adjudication. In adjudicating water rights, 25! it is

felt that the state Board of Control is better equipped than
are the courts to determine the intricate and involved matters
relating to appropriation of water. This feeling has resulted
in the Board's decrees being considered correct on a prima
facie basis and being clothed with the dignity of court
decrees.?®? However, the jurisdiction of this Board to adjudi-
cate water rights is not exclusive of the Jjurisdiction of
courts to quiet title to water rights, determine priorities

or to redress grievances.?5?

Water Right. A water right in Wyoming is subject to
the constraints of the appropriation doctrine and will be
discussed in that context.

A water right is statutorily defined as
a right to use the water of the state when
such use has been acquired by the beneficial
application of water under the laws of the
state relating thereto...2?%*
From this it can be seen that the rights are not absolute but
usufructory in nature.?3%

A water ri%ht may be obtained by any person, association
or corporation?®® including municipal corporations.?®’ There
must be an appropriation in good faith with any construction
necessary preceeding with reasonable diligence and the water
must be applied to a beneficial use.?®® To constitute an
appropriation there must not only be intent but some open
physical demonstration.?°? These requirements are met by
having a registered engineer or surveyor conduct a survey
and prepare maps and plans?®? after which the applicant files
these plans with the State Engineer?®! which must be done
prior to initiating any construction.?®? This filing date
becomes the date of priority.2®® when the State Engineer has
satisfied himself that everything is on order and if there is
available water to fill the request, a permit will be granted
that requires construction if any is needed--to begin within
one year.2?%* This construction must be completed within five
years or sooner if the State Engineer requests it.2%% This
time may be extended if a valid reason exists.?®® The appli-
cant must inform the Engineer of his progress from time to
time.2®’ After public notice has been posted of the new right
of water and after any objections have been cleared, the State
Board of Control will issue an appropriation permit,?®® a copy
of which will be filed with the Clerk of the County in which
the land is situated?®® and this certificate is evidence of
an adjudicated right to use water.

Prioritg. This has been stated as "first in time first
in right." In Wyoming priority dates from the date of
filing of an application for appropriation in the State
Engineer's office.?’! Though a right to the use does not
vest until a beneficial use is made of the water,?’2? the pri-
ority "relates back" to the date of the filing. This filing
is crucial for mere use will not suffice to establish a pre-
scriptive title.?’® New priorities are limited to surplus
water. 27"
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Diversion. The term "diversion" is not statutorily de-
fined in Wyoming though there is a set of grovisions for
requests to change a point of diversion.? Perhaps it is
felt that anyone can recognize a diversion when they see it
and trying to define it would result in needless complication.
At any rate, a segregation of the property claimed from the
natural source would seem to be the most prudent action to
ensure that a diversion has been made.

Beneficial Use. The term "beneficial use" is not de-
scribed statutorily in Wyoming.2’® The sentiment seems to
be that a beneficial use is a use that is reasonably benefi-
cial. It is a nebulous concept which, in the face of a
dynamic society 277 is perhaps best left to judicial deter-
mination on a case by case basis.?’?® Not all uses are benefi-
cial however?’® but there is no set list of excluded uses in
Wyoming. Irrigation is the only term specifically designated
by statute as beneficial.??®?

Though the term is undefined, it forms the "ba51s, measure
and limit of all appropriations" of water in Wyoming.?

Preferred Use. Though "beneficial use" remains undefined
per se Wyoming statutes establlsh hierarchical preferences
for certain classes of uses??®? and methods for changing a
right being used for a nonpreferred use to one used for a pre-
ferred use.2?®?® The order of those preferences:

1. Water for drinking purposes for both man and beast.

2. Water for municipal purposes.

3. Water for the use of steam engines and for general
railway use, water for culinary, laundry, bathing,
refrigerating (including the manufacture of ice)
steam and hot water heating plants and steam power
plants.

4. Water for industrial purposes.?

84

Though the statute refers to "preferred uses" it must
be understood that priority of a senior non-preferred user
will prevail over a junior preferred user and that the pre-
ferred user only has the right to condemn a non-preferred
use and, after just compensation, change it to a preferred
use.2?8% The express exception to the right to obtain a prior
non-preferred use is the use for steam power plants and in-
dustrial purposes.2?®® Also, the prohibition against simply
shutting down a prior nonpreferred use is excepted to in cases
where "water turbines or impulse wheels are installed for
power purposes" in which cases preferred users have the right
to call for water even though they may be junior to the water
turbines or impulse wheels. However, after these uses,
the actual usability of the waters is alone the limit of the
public's right to so employ them.?®® Also, irrigation is
regarded as a superior preferred use.?

Real Property. A water right 1s generally considered
to be a real property rlght or land. This appears to be
the nature of the rlght in Wyoming for it is provided that,
though a water right is a right to merely use the water,?
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thli yse shall attach to the land for which the use is grant-
ed- As such, this rlght is protected as property by con-
stitutional provisions.

Property rights, however, are not absolute in their
nature and water rights are no exception.?®* Th2 water right
is subject to prlorlty295 and the water must be used for a
beneficial use.?®® Additionally, this right is limited by a
"duty of water" standard of one cubic foot per second per
seventy acres of land.2?’ There is, however, a provision
allowing for a doubling of this amount b¥ supplemental adju-
dication for all pre-March, 1945 rights. Too, there is
the appurtenancy requirement, as a dgeneral rule, that the
right to use water is attached to the land for which it was
appropriated.299 Exchange of water may be allowed, however,
where (a) the source of the appropriation is at times in-
sufficient to fully satisfy such appropriation, or (b) a fuller
conservation and utilization of the state's water resources
can be resultantly accomplished.

Wasted Water. "Wasted water" is not statutorily defined
in Wyoming but may for purposes here, refer to that water
which is now lost under current systems and practices but
which mlght be saved.?®?! The commissioners of each water
district in the state are given the power to prevent wastlng
of water or use in excess of an appropriation right.?

Since wasting water would seem to be unreasonable on its face,
the requirement of a beneficial use of water--reasonable by
definition--3°3 would appear to give these commissioners
substantial powers in regulating the wasting of water within
their districts.

Abandonment. Relevant to a discussion of wasted water
is the topic of abandonment of a water right. Wyoming pro-
vides that if a water user fails to use water for irrigation
or other beneficial purpose for five consecutive years, the
water right shall be considered as having been abandoned. %"
It is not necessary for a water right holder to intend to
abandon his water right.3°% However, the statute is not
self-executing-—-that is, a right is not legally abandoned
automatically after five years. Instead, a water user who
might be affected by the abandonment may petition the State
Board of Control to abandon another's water rights.3°® Upon
establishing a prima facie case of abandonment, a meeting is
held before the Division Superintendent®’’ who reports to the
Control Board. If the Board feels that rlghts have been
abandoned an abandonment order is issued. These orders
are appealable to the District Court and to the Wyoming
Supreme Court.3??

-63-



ORGANIZATIONAL ARRANGEMENTS

At the local level, there are two major organizational
entities designed and developed to accompligh the task of
water resources utilization and management within a system.
The dominant type of public entity is the mutual irrigation
company. It is divided into unincorporated voluntary associ-
ations and incorporated entities under state law. The second
type of organization at a quasi-private/public level is the
water user association. The following materials define and
elaborate on the features of these entities regarding their
ability, agility or legal constraints to consolidate.

Unincorporated Voluntary Associations

In General. These organizations may be described as
voluntary associations of persons--usually along the same
water supply source--who organize for the purpose of better
protecting their rights and the division of water of the
stream between respective owners, without formally incorpo-
rating. Such associations construct the necessary works for
the diversion of water and transport it only to the lands of
members of the association and not for hire.®!? The principal
difference between these mutual voluntary associations and
mutual corporations herein after discussed is that the latter
are formally incorporated under law but the former are not.
This type of organization is suited to communities where irri-
gation problems are fairly simple.?!?

Membership Quallflcatlon. As a general rule, there are
no personal qualifications for stock ownership or membership
in a mutual or voluntary organization although an ownership
of land ox garticipation in agricultural production may be
required.? This requirement is logical inasmuch as the
purpose of the association is to provide water for land which
results, in turn, in increased agricultural production.

Organization*. These associations are often organized
with a considerable degree of formality, officers being
elected, and by~laws, rules, and regulations being adopted
for the government of the respective rights of the members,
and of the general affairs of the association.?®'? Though
verbal agreements may be made easily enough between members,
it is easy for misunderstandings to arise so it appears best
to have a written agreeméent (which may be called the articles
of agreement) signed by each member. ? Though much formality
may attend the organization, title to the water rlghts remains
in the individual members and not in the association.?®

*There is a good general discussion of mutual company and
voluntary association organization in a pamphlet by Wells A.
Hutchins entitled, Organization and Operation of Cooperative
Irrigation Companies published by the Farm Credit Administration
as Circular No. Cl02, Washington,D.C., 1936.
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By associatin? in this manner the water users become
tenants in common3’® of all the waters owned or controlled
by all the members of the association and also of the divert-
ing work, ditches, and canals used in connection with this
water; and each landowner of such association is entitled
to his distributive share of the water, according to his
rights. The legal title to the water rights not being in the
association, as is the case where there is a corporation,
but, rather, in the individual members according to their
respective shares,?!'’ certificates may be issued by the
association to these members as evidencing the share of water
to which each member is entitled.3®!® But whether the individ-
ual member's shares are represented by such a certificate or
not, he has the right to sell or assign his interest--or any
portion thereof--with or without the consent of the other
members and the purchaser or assignee succeeds to all the
rights of the vendor.3'®

Statutorily Defined Voluntary Association

In some jurisdictions, the status of voluntary associa-
tions is defined by statute.?®2?? This is seen where a community
ditch or "public acequia" was the usual means for diversion
and distribution of water. Here, each village or groups of
farmers constructed its own common ditch.®?! Elections,
management, construction and control of these ditches is re-
gulated by law’?? and under statutory provisions, every land-
owner under such a ditch, whether he uses the water or not,
is required to contribute his quota of labor orx moneg substi-
tute, required to maintain and preserve the ditch.®?? Assoc-
iations formed around community ditches are considered
political subdivisions of the state®2?* but, anomolously, the
ditches themselves are considered to be the private property
of the persons who completed the ditch®2?° which necessarily
means those who live under its irrigation. In these juris-
dictions it is provided that all community ditches, (or per-
haps more accurately the communities using them), shall be
considered as corporations, or bodies corporate, with power
to sue to be sued as such. 2%

Tenancy in Common. Often, in arid lands the owners of
several neighboring farms construct ditches and diversion
works and make the appropriation of water necessary for irri-
gation of all their lands without formal organization of any
company or association.®2?’7 Where a ditch through which water
is appropriated and applied to beneficial purposes is owned
by several proprietors, and their relationship is not defined
by special agreement to the contrary, they are regarded as
tenants in common®2® of the ditch and their rights are deter-
mined by the law governing the same. Too, as each ditch may
have a number of priorities, appropriators with different
priority dates may be tenants in common in the dam, ditch or
other works without losing their priority and without there
being any tenancy in common in the water rights themselves.®??®
Tenants in common may also agree among themselves as to how
and when the water appropriated by all may be used by said
co-tenants. ®3°
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Two definitions of tenancy in common may be of some help.
Black's Law Dictionary, 4th ed. (Rev.) (1968) defines tenancy
in common where property is held by several and distinct
titles by unity of possession, neither knowing his own sever-
ally and therefore all occupy promiscuously. The holding of
property (*) by different persons under different titles, but
there must be unity of possession (**) and each must have the
right to occupy the whole in common with his co-tenants.

Burley***describes the same material as a sole and sev-
eral tenancy. Each tenant in common is the owner of an un-
divided interest in the whole estate, not a joint owner of
the whole estate. Only the unity of possession is essential
to the existence of a tenancy in common. Upon the death of
a tenant, his undivided interest passes to his heirs or de-
visees--there is no right of survivorship in the other tenants.

Rights Between Tenants In Common. Where the relation-
ship between proprietors is one of tenancy in common, it ap-
pears settled that where one tenant diverts a greater quantity
of the water than belongs to him by right and damages others
in so doing, he will be enjoined from further so diverting.®?®!
Too, each member or co-tenant has the right to assign or sell
his interest or any portion therecof without the consent of
his co—tenants,“z5 except, of course, that he may not transfer
more than he owns.

Majority Interest Has Right of Control. Generally, it
has been held in the past °°° that as to general policy the
majority of members has the right to control matters of the
organization with the caveat that a person joining such a
voluntary association does not vest in the majority the
power to injure the rights of such person.®3®® It can be
seen that from the nature of water there may be times when it
may be indispensible to the success of the operation that
where all cannot agree, the majority have the right to control
policy to avoid working at a disadvantage. Where this policy
which the majority adopts does not materially injure the
vested rights of the minority, a majority of tenants in common
have the right to control the affairs of the ditch...Neither
law nor equity will aid a stubborn minority in preventing the
majority from doing an act for the manifest good of the whole
community, where no one is injured, but all are benefitted. 33°®
Also, an association--though composed of a majority of water
users from a certain source--has no right to interfere with
or regulate the use of the water of the minority owners who
did not join the association.??®’

*May be real or personal. Drum v. Molloy, 22 C.2d 132, 137

P.2d 18(1943)

**The association provides the unity of possession.

***Byurley, William E. Handbook of the Law of Real Property
(2nd ed.) West Publishing Co. St. Paul (1954) p338.
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It has been held that co-tenants are entitled to use all
the water appropriated to them. Therefore, a wrongful diversion
injures all co-tenants. It follows that all co-tenants have
preventative powers to stop acts of a trespasser without jOlnlng
the rest of the co-tenants in the action-they may act alone.?

Contributions for Necessary Expenses. Each tenant .in
common 1s individually bound to keep the ditch or other works
in repair and those making such repairs may compel a contri-
bution upon the part of those who failed to bear their share
of the expense or labor.33® Too, because assessments are the
chief means of raising revenue for these associations and
corporations, the companles may compel the members to pay
their share of assessments®®? and may stop water delivery to
insure compliance.?"?

Control of the Organization by Member. The stockholders,
or members of the mutual companies--including voluntary asso-
ciations--have the final control of its policies through the
vote. Their functlons are few but vitally important. They
elect the directors®"? and may remove them from office.3"“?
They may make and amend or repeal by-laws®"* or may leave
this power to the board of directors. All amendments to the
articles of incorporation require their prior approval.?3"?®
Such fundamental steps as consolidation with other corporations
or unincorporated associations®*® and voluntary dissolution
of the corgoratlon or association can be taken only with their
consent. 3

Stockholders Meetings. The stockholders of such corpo-
rations and associations usually meet at least once a year.
Each stockholder has the right to vote at any elect:.on."’9
The voting is done on either a one vote per share basis?® or
a one vote per member basis.’®! If different classes of stocks
are issued, the voting privileges of these classes may be varied?®?
though there is nothing compelling an arrangement:of this sort.3%3

Management by Board of Directors. Sole respon51bi1ity for
managing the affairs of such associations or companies is given
to the board of directors.?®®* This board has the power to
formulate policies, make contracts, levy assessments, incur
obligations, approve expenditures and make rules and regulations
for operatlon of the irrigation system and delivery of water to
users.®*® From the operational point of view, all activities
of the pboard should be designed and carried out to provide
effective delivery of water to the former stockholders. See
Figure 5. The flow of authority from stockholder to board to
the company is shown in Figure 6. Generally speaking, to
avoid dissension it is best to limit the number of members
on the board of directors to as few as possible.?®5% The terms
of office for directors and officers may be statutorily pre-
scribed®®’ or may be determlned by the articles of incorpo-
ration or by-laws.?
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Executive Officers. The president is usually selected
from the board of directors®®? but in cases where a vacancy
occurs, the position may be filled by the members or stock-
holders in a special election.®®% Other officers might in-
clude a vice president, secretary and treasurer--~these offices
may be occupied by the same person.®®! The president's
function is to generally supervise affairs, approve vouchers
and sign papers. A manager may be required to supervise
operation and maintenance, construction, land, farming and
contracts with other organizations. It is advantageous if he
has engineering experience. Obviously, in small companies,
the office of president and manager might easily be combined. %2
Clerical functions such as recording and disbursing to members
the minutes of stockholders meetings can be taken care of bg
the secretary who does not need to be a director or member.3%3

Removal of Officers and Directors. The control emanating
from the stockholders (See Fig. 6) would be little more than
an illusion if the only direct control available to them was
through the ballot box at the annual elections. To allow
greater control, sections for removal of undesirable?®* direc-
tors and officers are provided in the statues of the various
western states.3®®

Incorporated Mutual Irrigation Company

General. A mutual water company may be defined as a
private association®®® which is organized for the express
purpose of furnishing water to the shareholder or members
thereof at cost?®®’ and not for hire for uses or irrigating
the stockholders' lands and for use of the corporation works
to conserve, treat and reclaim waters.3%®

The mechanics of organization are the same as for any
private corporation®®?® except that if the stock is to be made
appurtenant,®’? the articles of incorporation must so provide.
Additionally, the stock certificate must describe the lands
to which the shares are appurtenent as well as any other
special provisions such as the source of the water, point of
diversion, etc. which may be required.?7”!

Mutual companies possess such pecwers as are conferred on
them by statute’’? and may engage in such enterprises, and
such only, as are set forth in the certificate of incorporation
and all other powers beyond those given are by implication
excluded., 373

Generally speaking, a mutual company is distinguished
from the normal corporation organized for profit by only two
major features:®7’"*

1. Assets are limited primarily®’°® to water rights and

canal systems and sometimes to canal systems alone.

2. The corporation is not organized for profit, but

rather to distribute water to shareholders.?37®

Public Utility Status. In some jurisdictions the matter
is covered by statute,’’’ but even where statutes are lacking,
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a company which holds itself out generally to serve for com-
pensation®’® those who may apply for water®’’® within the area
servad by“its irrigation system is not a mere private corpora-
tion, but is affected with a public interest and is subject to
regulation and control as a public or quasi-public corporation.?®?

A company may retain its private status if it is organized
for the purposes of delivering water to its stockholders and
members at cost or those with which it has fixed contractual
obligations.?®®! It is to be noted that a water company which
has become a public agency may not discontinue its service in
whole or in part so as to regain its private status.???
However, a private corporation may, with the consent of the
owners of the rights to receive water for private use, change
the use to a public use so as to make the service and terms
of deliverg subject to regulation and control by public au-
thorities.

Factors to be taken into account in determining the gubllc

or private nature of a corporatlon include the following:

1. Wwhat are the %rov151ons of the articles of incorporation
and bylaws;? and are they broad enough to permit
public sale of water?

2. To whom has water been sold aside from shareholders
and in what quantities?

3. What has been the intent of the shareholders in
selling to other persons than themselves? 388

4. What amount of watzr has the corporation agreed to
supply to its members and others?

5. What degree of acquiescence to public sale is evi-
denced by shareholders?

6. Has the corporatlon directly orx 1nd1rect1y used
condemnation??

7. Are there close financial director or other corporate
relations with admitted public utilities?

8. Has there been a dedication to a public use by positive
action of all or any part of the whole water rights?

Relationship Between the Corporation or Its Officers and

Shareholders-—-Rights and Duties. The relationship between
private corporations whether organlzed as mutual or commercial
corporations, and their shareholders is that of contract, and
the rights and duties of both parties grow out of the contract
1mplied in a subscription for stock, and construed by the
provisions of their charters, or articles of incorporation.?
From this contract springs a trust relation between the company
and its stockholders, with the corporation being charged to
conduct the common business in the interests of the stockholders?
and, being trustee for its stockholders, the corporation is
bound to protect their interests.®®’ It follows that a duty
is incumbent upon the corporation to prosecute actions in the
matters of protecting water rights or other company property,
as representing its stockholders, without joining them in the
action®?! The officers, managers and boards of directors also
hold trust relationship to both the corporation and its stock-
holders. This means that the validity of a contract entered
into by a board of directors may be challenged by the stock-
holders. 3%? Also, officers are bound to avoid dealings where

8 8
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there is a conflict of interest between them and their stock-
holders though they may have dealings in company matters where
there is no conflict.?3?3

In the formation of mutual corporations, it is common--
though not universally the case--for owners of the original
water rights to deed to the corporation their water rights
and rights in the works, and then to take shares of stock for
the same in exact proportion as the value of the individual
rights granted bears to the whole value of the property
granted by all. Where this is done, the legal title is trans-
ferred to the company but equitable title remains in the
original owner.?? In other words, the company holds the
legal title in trust for its respective shareholders. The
terms of this trust are governed by the articles of incorpora-
tion or bylaws of the same.?®°

Stock in Mutual Company. The shares of stock which are
received for legal title to an individual's water rights re-
present those water rights. These shares are said to be
miniments of title to an interest in the property of the
association, and as evidencing the proportional amount and
extent of the appropriation of water which each holder
possessed. *?°¢

There is some split of opinion as to whether stock is
personal property or real property. The more persuasive
authority holds that where the title to water rights, and
the ditch, canal and other works is in a mutual corporation
which issues shares of stock representing both the water
rights and works of the company, such stock is considered
personal property and a sale of such operates as a sale of
both water rights and the interest in the works.?®®’ However,
a minority maintains that stock represents water rights and
is real property.3°® The general rule is that for the sale
and transfer of water rights--except those represented by
stock shares--all the formalities of a transfer of real prop-
erty must be observed.?®®? In any case, it is important to
remember that the right to the use of the water follows the
shares of stock."*??

Duties. From the contractual relationship established
by the transfer of legal title to water rights to the corpora-
tion, a duty evolves to deliver to each shareholder that
amount of water to which he is entitled by wvirtue of his
stock.*?! The shareholder does not need to depend on an im-
plied contract for his water right as this right is an adjunct
of his membership in the corporation--membership means water.
The corporation is under a duty to use reasconable care and
diligence in making ratable distribution.*’® It is also the
duty of corporation to keep ditches, canals and other works
in repair. This duty is imposed in order that the property
may be utilized as far as present needs are concerned and to
preserve the property and prevent its future destruction.*?*

Liability. Where a corporation fails to furnish the
proper proportion of water to one of its shareholders, it is
liable for the damages resulting from such failure.*’®
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suggested Plans for Stock Issue. Generally, there are

two types of plans for issuance oI stock. These are where
stock represents land and is appurtenant or where stock repre-
sents a part of the total water supply.

1. Generally, where stock represents acres of land and
where the stock is appurtenant to the land, there are
at least two options available.

A. The first option is to have a share of stock fix
by amount the definite quantity of water which is
allowed*?® to each unit in the area of land re-
presented by the stock certificate.*®’

B. Divide the available water in a given period among
the shareholders in proportion that the number of
acres owned by any one individual bears to the
total acreage of all shareholders in the company--
or proportionately by shares of stock of the total
issued.

2. Stock may also represent a specific part of the total
supply owned by the corporation or subject to its
control for purposes of distribution. This plan is
advantageous where the company's supply varies and
where the stock is not to be appurtenant to any
specific land.

Levy and Enforcement of Assessments. One of the main
objects of incorporation is to obviate the difficulties aris-
ing in enforcing the prorata contributions of the co-owners
of the water rights for the maintenance of the works and other
necessary expenses. By merging individual rights, each share-
holder may be compelled to contribute his proportion of all
necessary expenses or forfeit his right to use of the water.*°®
The same imglied contract which obligates the company to de-
liver water®®? implies the reciprocal duty on the part of the
shareholders to pay their assessments. !’ Of course, in order
to render such assessments valid, the purpose for which they
are levied must come within the purposes of the corporation as
set forth in the articles of incorporation or charter and,
also, must meet the statutory requirements.*'!

When assessments are made, they become liens on the water
stock itself rather than on the land."!? However, where stock
is appurtenant to land, there is authority that the assessment
becomes a lien on the land,"!® superior to the lien of a
mortgage on that land.*!* A more direct method of enforcement
of payment is to simply refuse delivery of water. Such methods
are recognized in New Mexico (see: New Mexico Stats. § 75-14-24
and 75-14-41,1953) (in the case of community ditch or co-operative
association) and in Wyoming (see: Wyo. Stats., § 36-106 and
41-221,1957). 1In New Mexico, a fine may be assessed before
the water is denied (New Mexico Stats. § 75-14-34,1953).

Stockholders may be exempt from assessments if it is so
provided by the terms of their agreement made at the time they
purchased their stock.!® Further, it has been held that an
assignee of a water right on which a past assessment is due
is not personally liable for such past assessments unless
expressly assumed.*!®
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Power to Make Rules and Requlations. Mutual corporations
may adopt such rules and regulations not in violation of law
governing the distribution and use of the water furnished
among their shareholders as are equitable and reasonable.

But all rules and regulations have no effect unless authorized
by the charter or articles of incorporation or are assented
to by the stockholders whose rights are affected."*!’

Implied Powers. In some cases, in the absence of express
restrictions, implied powers are seen to be inherent in the
company to enable them to exercise the powers expressly
conferred and to accomplish the objects for which they were
created. Subject to charter restrictions, companies have been
allowed to borrow money to finance an authorized project, or
may guarantee bonds issued therefore.*!® More important, a
power to sell water rights may be implied from the power to
acquired and own water rights.*!'®

Limitations. As has been noted, a corporation may not
act to the pre;udice of the water rights of any one of its
stockholders.*Z% Pursuant to this position, it follows that
where stock with water rights is sold on the theory that water
users buying such rights are to have a reasonably dependable
supply of water,“?! the company may not dilute such rights by
selling more shares of stock when water actually available is
barely sufficient for present holders of water rights."??

As an aside, it is to be noted that where a corporation
is formed, it has no rights--even if it comprises a majority
of co-owners of a ditch or water supply--to control or regulate
the use of owners who did not come into the corporation.®??

Water Users' Associations

General. Water users' associations are incorporated
assoclations *2" organized by actual or potential water users
in a specific area who contract with the government*?® to
build irrigation works pursuant to reclaiming or improving
land. These arrangements are made pursuant to the appreciation
by the government of the potential of .land that might be
realized by conserving and storing the surplus waters of the
rainy seasons and more efficiently utilize these waters for
irrigation. The advantage of such a system is that it provides
a means for many poor 3amdowners of small parcels to pool
their limited funds to enable them or irrigate their lands
and increase their crop yields, thereby increasing their in-
comes. Indeed, such a plan encourages purchases of arid but
fertile land which can be purchased often at low prices.
After irrigation, the land should support itself ‘and increase
in value thus adding to the well being of the farmer.

Generally, the object of these associations are three-fold:

1. To provide for irrigation in an area where individuals
do not have the money to finance such a venture inde-
pendently.

2. To allow the government to deal with one organization
representing all water users in an area rather than
having to deal with many users on an individual basis.
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3. To have a responsible organization to which manage-
ment or an irrigation organization, as comtemplated
by a reclamation act, may be turned.

The organization of a water users' association must be
in such form as will be acceptable to the arbiter*?® though
the government takes no active role in operating and managing
the works."?’

Essential features of the articles of incorporation should
include providing a means of effecting the reclamation law re-
garding ownership of the reclaimed area and for guaranteeing
repayment to the government of the cost of the reclamation
works.

It must be recognized that a water users' association
of this type is merely a temporary arrangement. All groups
of persons using water are, in effect, water users' associ-
ations. When the governmental agency responsible for over-
seeing these projects transfers the works entirely to a
water users' association of this type, the organization is
reclassified according to the successor-type of association
such as a mutual company or district.

Acguisition of Lands

A. Public Lands

The reclamation laws give the Secretary of the Interior
broad authority to withdraw from public entry those public
lands required for irrigation works as well as those believed
to be susceptible of irrigation frem the works.*?® The cur-
rent practice is that Reclamation withdrawals shall embrace
all lands required for the construction, operation and mainte-
nance and protection of main irrigation works and minor struc-
tures. All public land apparently susceptible of irrigation
from a project or probable of being regquired in connection
with the development of the project are included in the with-
drawal. This decision by the Secretary raises anearly insur-
mountable barrier to reversal. Fraud apgears to be the only
grounds recognized by courts for review.'?? However,
where the question of withdrawal involves lands which are al-
ready properly devoted to federal purpose, there is a serious
question raised as to the Secretary's power.*?®®

B. Private Lands

Purposes of reclamation involve the acquisition of land
and water through exercise of the eminant domain power. Ample
authority is provided for this purpose.*®! Pursuant to this,
Congress has provided that, "The Secretary...shall pay just
compensation, including severance damages, to the owners of
private land utilized for ditches or canals in connection with
any reclamation project.*??
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Rights of Water Users*. Tn the U.S. the Supreme Court
regards as settled that a project user has a vested property
right which cannot be withdrawn at the will of the Government. * 33
However, the Secretary has authority to restrict water uses to
those which are "beneficial""“®" and to protect project lands
against deterioration due to improper use of water.*’® Too,
requirements have been upheld limiting users to a certain
gquantity per irrigated acre as a means of preventing waste. "
He also has powers "to make general rules and regulations
governing the use of waste in the irrigation of the lands
within any project."*37

36

The conflict arising under private systems of appropriation
has not arisen under reclamation. This appears to be due
largely to the practice of apportioning available water during
shortages rather than using a seniority scheme which totally
cuts off junior users."®® Too, matters often litigated are
commonly handled by the Secretary or his representative.*®’

Repayment of Costs to the Government**. The costs of
these works fall into two general catedories: (1) construction
costs and (2) operation and maintenance costs. The difference
is important in light of the construction contract. Once a
repayment contract is executed, the government is powerless
to impose any liability upon the water users to pay for addi-
tional or supplemental construction--unless the users willingly
contract to pay such additional costs.**’ However, the costs
of operating and maintaining the works may be imposed on the
water users whether or not they want to Ea¥ and whether or
not they want the maintenance work done. * Further, the
necessity of the work is at the discretion of the governmental
agency (in the case of the United States it is the Bureau of
Reclamation).*"*?

Repayment of Construction Costs. One of the distinguishing
features of reclamation is the requirement that water users
reimburse the Government for at least part of the cost of
building the project.**?® A recurrent problem is that of
deciding which costs shall be subject to repayment by the
water users. It appears best to recover the actual--as
distingushed from estimated--cost of construction.***

Deferment of Charges Due. As noted, the basic provision
for repayment of construction costs is forty years. In addi-
tion, the Secretary is authorized to defer the time for repay-
ment of any installments of construction charges in order to
adjust payments to the ability of water users to pay.**?

Plans for deferment of payments are extremely desirable
because of the nature of a reclamation project. These projects
are composed of farmers who are in a precarious position be-
cause of lack of water. BAny setback is likely to put them in
financial ruin. In explanation, these water users associate
under the pertinent laws of incorporation and issue shares of
stock to each member. These shares usually represent land--

*For a discussion of this, see R.E.Clark, Id., § 118.2 through 118.4.

**3ee R.E.Clark, Id., §§ 123.1 through 123.4.
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one share for one acre, for example. The shares have a par
value based on the value of land which they represent. This
stock is then committed to secure the cost of a reclamation
project which they desire the government to build.**® Since
the stock usually represents land, this means that the land
is mortgaged, in effect, to secure the repayment of the
estimated cost of construction.**? Failure to make the pay-
ments results in a selling of the security--which is the
farmer's land if the stock is made appurtenent to the land.
Thus, the purpose of the project is defeated.

A plan for deferment of payments would eliminate much
of the problem of forfeiture. For example, if a poor settler
was induced to buy arid land, but after living expenses had
no money for seed, teams and future living expenses, he
would be unable to produce crops on his land when the water
arrived. A crop failure would have the same result; the
land would be unable to support itself and the farmer would
forfeit everything.

This problem could be resolved by extending the time of
payment and allowing a low interest rate on the principal for
the first few years--say, five years. Settlers need more than
watered land. They need money to live and time--time to pre-
pare the land, plant, cultivate and harvest. A plan with
deferred payments with a small interest charge would allow
this.

A. Development Period Deferment

In cases where it is feasible to irrigate parts of a
project before the entire project is completed, it may be
advisable to defer payments for these small sub-areas. The
purpose of such a provision is to give water users an extra
margin of time to establish themselves during the difficult
beginning years on a farm when production is being developed
and cash return is likely to be low."**®

B. Variable Repayment

Because of the variability in farm income from year to
year, a program for repayment which sets fixed sums for re-
payment years in advance is likely to prove unsatisfactory.

A combination of long repayment period and variable repayment
formula permitting a variance in the required annual payments
in light of economic factors pertinent to the ability of the
water users to pay would probably be best."*® This variable
formula can be based on any number of considerations--price
indices, crop production, etc.--and it may provide for both
lower payments in below average years and increased payments
during good years.

In allocating the costs of repayment among water users
of a project, the measure of ability to pay is based on pro-
ductive capacity per acre of farms, cost of operation and
net income. From this, it is obvious that classification
of land is essential for good land can support a higher debt
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purden per acre than poor land.®®® The per acre burden can

be assigned on the hasis of the water users' association
classification of each farmer's land and the Secretary's
classification for all the project land in total. After a
repayment burden has been established for the entire project
by the Secretary, the water users can assign burdens to
individuals based on the projected productivity of each
farmer's land."®!

These same arrangements can be made to pay operation
and maintenance costs as well as construction costs.

Enforcement of Payment. Persons deliquent in paying
their annual share of expenses face several possible sanctions.
These are an imposition of an additional charge;“°? shutting
off of the water supply;"*®?® or cancellation of the water right
with forfeiture of payments already made.*®"

Corporation Law - Merger & Consolidation

In legal jargon corporations organized formally under
state codes have two alternative methods uniting, they are
merger and consolidation defined as:

merger - two or more companies combine into one of the

original companies, the others ceasing to exist.

consolidation - two or more companies combine into a

new corporation, all of the original companies
ceasing to exist. The combining companies are the
constituent corporations, the new company is the
: consolidated corporation.
Irrigation companies organized under the state corporate acts
resemble any other business corporation created thereunder
and are required by law to adhere to the same standards and
procedures. Therefore, although no specific mention is made
to incorporated irrigation enterprises, by definition they
are included in the law.

Arizona, Colorado, Nevada, Utah, and Wyoming all allow
merger and consolidation of corporations under their respective
business corporation codes patterned after the Model Business
Corporation Act."®® The Colorado Corporation Act, the Wyoming
Business Corporation Act, and the Utah Business Corporation
Act are adoptions of the Model Act with minor variations. The
merger and consolidation statutes in Arizona and Nevada are
virtually identical with the Model Act.*®®

To legally accomplish consolidation or merger of business
corporations, the states require a resolution be passed by
the board of directors and notice be given to the shareholders.
Notice of the planned merger or consolidation must be given
to the shareholders ten days (or more depending upon the state)
prior to when they are required to vote on the matter.

In each of the states, ALL of the shareholders are permitted
to vote, even though they do not hold voting stock in the normal
sense of the word. For the companies to merge or consolidate,

a majority of the shareholders of each company must vote in
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favor of the plan in Arizona, Nevada, and Utah.*®’ 1In Colorado
and Wyoming two-thirds of the shareholders of each company must be
in favor of the plan.

All five states have buy-out provisions, allowing a
digssenting sharehojlder who voted against the merger/consolidation
to force the company of which he is a shareholder to purchase
his shares of stock at fair market value."®®

The Model Act provision on the effect of merger or consoli-

dation has been adopted in Colorado, Nevada, Utah and Wyoming

to the effect that the "surviving or new company shall possess
all rights, privileges, immunities, and franchises, as well

of a public as of a private nature..." Arizona makes no

mention of rights, privileges, immunities and franchises in
10-349 ~ Effect of merger or consolidation, but in 10-346

states that debts, liabilities, duties, property and assets

of the combining companies pass to the consolidated company.

Colorado Revised Statutes also make provision for the
organization of Water Users' Association under the State
Corporate Act."?®?

The following extractions from the Wyoming Business Cor-
poration Code is indictive of the procedural requirements
for consolidation or merger:

Procedure for Merger

Section 63. Any two or more domestic corporations may
merge into one of such corporations pursuant to a plan of
merger approved in the manner provided in this Act.

The board of directors of each corporation shall, by
resolution adopted by each such board, approve a plan of
merger setting forth:

(a) The names of the corporations proposing to merge and
name of the corporation into which they propose to merge, which
is hereinafter designated as the surviving corporation.

(b) The terms and conditions of the proposed merger.

(¢) The manner and basis of converting the shares of each
merging corporation into shares or other securities or obliga-
tions of the surviving corporation.

(d) A statement of any changes in the articles of incor-
poration of the surviving corporation to be affected by such
merger. _

(e) Such other provisions with respect to the proposed
merger as are deemed necessary or desirable.

Procedure for Consolidation

Section 64. Any two or more domestic corporations may
consolidate into a new corporation pursuant to a plan of
consolidation approved in the manner provided in this Act.

The board of directors of each corporation shall, by a
resolution adopted by each such board, approve a plan of
consoldation setting forth:

(a) The names of the corporations proposing to consoli-
date, and the name of the new corporation into which they
propose to consolidate, which is hereinafter designated as
the new corporation.
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(b) The terms and conditions of the proposed consolidation.

(¢) The manner and basis of converting the shares of each
corporation into shares or other securities or obligations of
the new corporation.

(d) With respect to the new corporation, all of the
statements required to be set forth in articles of incorporation
for corporations organized under this Act.

(e) Such other provisions with respect to the proposed
consolidation as are deemed necessary or desirable.

The examination of state corporation codes failed to
reveal any legal constraints to consolidation or merger on
irrigation companies organized formally according to statutes.
As obscened in the decision of incorporated mutual companies,
some states make specific provision in the statutory enact-
ments for such action.*®?
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PART FOUR

DESCRIPTION AND ANALYSIS OF THE RESEARCH AREAS

INTRODUCTION

The previous parts have introduced in broad terms the
general thrust of the project, the challenge for consolidation,
some methodological considerations in meeting the goals of
the study, and, the general legal framework involved in the
operation of irrigation systems. The present part is devoted to
a more detailed presentation of the irrigation situation pre-
vailing in each of the areas under consideration. While some of
the areas have a more detailed presentation, others contain
only general information and a broad outline of physical and
social parameters of the irrigation system. Throughout the
following exposition an attempt was made in adopting a consis-
tant outline of argumentation, although occasionally this was
not possible given the lack of data or re-depth exploration in
some areas. Essentially, the following outline of presentation
tends to characterize the analysis of each research area:

Description of the Area
Background and ecology
Population
Economy
The cultural setting
Historical Irrigation Development
The Organization of the Irrigation System
Water resources
Patterns of water use
Water rights
Organization and management of irrigation companies
- On-farm Water Management
Land resources
Soil and water management
- Prospects and synthesis
Future trends and developments
Overall evaluation

At the end of this part, a summary table is provided con-
taining key characteristics of the eight irrigation areas
vis-a-vis an understanding of the consolidation question. The
detailed discussion of Part Four, is subsequently extended to
a comparative analysis of the areas and to a discussion of the
attitudes of a sample of users in two areas: Eden, Wyoming and
Ashley, Utah. In addition, an extension of the conceptual
scheme of the study, prepares the ground for Phase II of the
project.

Before we proceed with the various irrigation areas, we
need a short introduction concerning the Intermountain region,
or the larger area of the arid West within which irrigated
agriculture is both a means of survival and a source of growth.
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THE INTERMOUNTAIN WEST

The West has always been an area of mythical proportions
for most of Americans. The vastness and beauty of the region
around the spine of the Continental Divide between the Pacific
coast and the Great Plains provides the inspiring scenery of the
semi-arid or desert states of Montana, Idaho, Wyoming, Colorado,
Nevada, Arizona, Utah, and New Mexico.

In the eight mountain states of the region the average
annual precipitation is only 12 inches. This precipitation is
only a few points more than the mark of ten inches used to
describe a desert territory (Figure 7). The dryness of the re-
gion and the general desert character are among the common
denominators of the area. What used to be disadvantages for
the region, namely relative desolation and dryness, are increas-
ingly turning to be powerful magnets attracting people and
industry at rates exceeding that of the nation as a whole.

The very same vistas of the desert, the open spaces, the
hospitable climate, and a salubrious physical environment are
now reasons for steady streams of in-migration.

As discussed earlier, four regional and national trends
are affecting present and future life in the area: a) increas-
ing population, particularly the continuous movement of people
to the West; b) increasing urbanization, metropolitanization,
suburbanization, and rural decline; c) increasing industriali-
zation, with the attendant changes resulting from new and mas-
sive capital influx and new values and patterns of behavior;
and, d) increasing concern with ecological mismanagement,
especially because of a fragile ecological environment which
compounds typical problems of degradation.

In order to discuss more cogently the interrelationship
between population growth, economic growth, and the limitations
of the surrounding natural environment, we need to see a
l1ittle bit closer some of the crucial demographic trends in the
area. The central argument in the following demographic pre-
sentation is not so much the total growth of population in the
area, but, more important, the continuous shift of the popu-
lation from the countryside and the progressively faster rates
of growth in the larger urban concentrations of each state in
the region.

Although the United States population increased in the
1960's at a slower rate than in any other decade except the
1930's, the growth of population in actual numbers during the
same period (23,861,597) was the second largest on record. At
the same time, more impressive gains were recorded in the west-
ern part of the nation (Figure 8). Of this growth, more than
three-fourths occurred in metropolitan areas, with the suburban
rings showing the fastest gains and surpassing the population
of those living in the inner city. The results of the 1970
census also confirm what many demographers have already out-
1ined as a crucial trend of the 1960's. The population of
central cities and of farm areas is stagnant or declining, while
suburbs are experiencing dramatic gains. From the final census
count, it becomes apparent that for the first time the suburban

-81-



oano wyo |

DESERT {
COLORADO - -
KAN. &

STATES ! - MISSOUR!

FJ

whgRe TH

NEW MEXICO

e

oreat raLts  Mont.

BILLINGS

@ lda.

BOISE
aTy

1§ DENVER
COLONAGO
Utah CO'O.'"““N-ILO

Arlz ALBUQUERQUR
tiqure 7. The Yountain States:
Climatic characterization and

PHOENIX
Metropolitan Concentration

N. Mex

i el

82



X102

1970

10,000

uotjojndod

*ONEE) B3 JO NRAING CE313W0) JO IGEWIIBAR  ROINOS
T8 ees'sz 1 ez $°e £2C6T §08° 21 TS et sze sy L5200 aLe1
[ATE i [ X §50°9 s°6 156°91 ose’tt $¥T uese 9$E°ST SET' 96 0961
et STTYST ve $60°% [X3 [ [N e 1T 19091 68 0C osst
%3 seTo 1g (303 (X S88°EY 8001 [ AT L1561 3184 oret
oL s et 3040 L] reteey in’s L3} *L'ST eecr 8282 0661
(%] ”e's e "'t e e ot T3] e eset weer iz oTe1
[3%3 "'y (%3 "oy 3 9L sTe’s TEr s BT 15281 o1sY
$°€ "2 IR LN ER] s’y "o L€ gerer Lre ot 998°51 b8t
X ore 1 61 et 33 'y 62y Y s ey we'en o481
I 9T [ €59 ' #€EC a5 TS eseL (N4 15178 L9211 o8t
" sty e T8 €y 00’ o'y 51 nee’s 001 L50°¢ SZ1'8 oL
[ »”e 570 54t s et e T e8Cs %) (383 Lze’s »rt
50 01 0 € 1y ové e e Eus'y I ons 313 L]
”»”r 85y 'L L3 b odbd £ iy STe'Y o

€1 soe w1 U TN 1 1t oLt onet

IS 291 Tt e et I3 59 €6 Tl

Ty ° "L €9 su'e e or I3 atrey

5E€ iy et s so091

oot T eset 06L1

M epweenou sny epuwmnous e BpursnOuL sn spuwsnous oy spusenous sy wpuwsnoq sy .soy SNy epummmOw. 1ves

S13100a uyrIwnon Texius) qanog Isen 1023085 HINOE Inwy arawetaY winog 1913080 uItow 1eew TRI3Ues WIION 8w 2(IWRTIV STPOTM puriteg mem

20 30 40 50 80

10

1900

90

1870 80

Year

Trends of population growth in the mountain states.

Figure §.

~-83-



or fringe population constitutes the larger segment of the
United States population in the 1970's.

Similarly, there seems to be general agreement in various
studies and projections that the greatest percentages of all
future population growth will be in the western third of the
nation. It is expected that the West will increase its present
national share of population from 17 per cent to 22 per cent
by the year 2000. Thus, in most western states, three inter-
related trends will be crucial in the solution of emerging
problems of water supply and use: flight from the countryside
and abandonment of small towns, increased metropolitanization
and urban sprawl, and total population growth from both natural
increases and continuous in-migration.

If one looks at the map of the population distribution in
the various states of the mountain region, especially in the
fast urbanizing states of Colorado, Utah, Arizona, and New
Mexico, one can see the particularly large concentration of
people along urban corridors of well-irrigated land. The
generally unbalanced distribution of population within each
one of the above States is a result of both physical and social
factors. For example, in Colorado the unbalanced distribution
of population along the eastern slope of the Rocky Mountain is
a result of both physical factors and economic geography.
Physical geography largely determines the western half of the
state, while economic geography is a crucial factor in the
formation and vital role of the Front Range urban cities and
foothills from Fort Collins to Pueblo. Thus, the bisecting
nature of the Continental Divide and the combination of physical
and economic geography has produced in Colorado a distinct
potential "urban corridor" or even a "megalopolis"” of immense
consequences for the future of the state. By size alone, even
the total population of the State in 1970 cannot qualify as
peer among the large "strip cities" in the United States today
(in 1962 the metropolitan areas of Colorado accounted for only
1.1 percent of total metropolitan population in the country).
What is most important, however, is the fact that due to
physical factors and to historical antecedents going back to
the establishment of the State, the urban corridor of the east-
ern slope provides an unusual case of rapid growth when examin-
ed in the context of the ecological limitations of the region.
Parallel remarks can be made also for other regions in the
States of the region. In Utah, the megapolitan concentration
between Ogden and Provo accounts for over 50 percent of the
population. Extremely large gains in population are also to
be experienced in the concentration of population between
Phoenix and Tucson from 929,000 in 1960 to 1,833,000 in the
year 1980. The population in Albugquerque, on the other hand,
grew from 201,189 in 1960 to 243,751 in 1970, while Las Vegas
showed a population of 236,288 inhabitants in 1970, a 164.7
percent increase over 1960. Thus, the Western United States
has been steadily moving from an economy dominated by agricul
ture and the resource producing industries of forestry and
mining, to an economy increasingly shaped by urban growth,
manufacturing, and service and recreational industries.
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Although the quantity of the water being used by agriculture
still seems to increase, more and more urban oriented considera-
tions will be influencing the nature of water development in the
coming years in this part of the nation.

In an era when urban congestion is becoming a major prob-
lem, 49 percent of the nation's area is still classified as
"farm land," although only a small fraction of it is needed for
agricultural production and only five percent of the nation's
population lives on it. At the same time 80 percent of the
nation's population is crowded into less than 10 percent of the
land area, with all the assorted problems of a deteriorating
livability. In trying to develop a much more comprehensive
plan of national growth and land use, the Mountain region stands
once again as a major attractive pull for future development.
New population is likely to be drawn to new locations as a
result of many factors, but essential among them is the
suitability of the new area as determined by such physical
features as terrain, climate, accessibility, availability of
water, and other resources. These natural elements provide
the basis upon which other non-physical factors, such as econom-
ics and social attractiveness will eventually determine the suc-
cess of a policy for deconcentration and population dispersal.

However, it should be remembered that the seventeen western
states with the exception of parts of the Columbia Basin, parts
of northern California, and the High Rockies are not well
endowed in terms of water. While it is easier to talk about
the Mountain region demographically, it is much more complicated
to do so from the water development point of view. The west is
comprised of a number of regions formed by natural water runoff
districts not necessarily coinciding with administrative
boundaries. Generally, however, one may say that with the ex-
ception of the Columbia-North Pacific region and some portions
of the California and Missouri Regions, the area in states in
what is known as the Mountain and Western States are expected
to have water shortages by the year 2020.%%!

In view of the population trends in the Rocky Mountain
states it becomes apparent that water is vitally linked both as
a constraint and as a tool for control in future developments
in the area. It has been repeatedly asserted that water can be
the key in determining the economic and demographic future of
the area, and that proper water management is one of the vital
goals relative to population stabilization and economic develop-
ment of the region. The choices are rather narrow: either
total use is brought into line with suppl¥ or one type of use
might be sacrificed to maintain another."®? The high dominance
of consumptive use by agriculture (almost 90 percent of the
total water) has brought forward very strong questioning of the
policy to permit agriculture in rain-short regions, while
idling land in moisture-rich areas of the country. The con-
stant hunt for water in the west is coming under increased
criticism, especially for all these big projects designed to
bring more of it to arid lands. Many basic guestions are in-
creasingly raised concerning the continuous federal fundin
for new dams, reservoirs, and aquaducts in the arid west."®?
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These ambitious projects, necessary for the survival of the
region, are coming under closer scrutiny by many groups in the
nation who question the policy of trying to develop cities on
natural deserts like Arizona and Southern California. The
guestion is being asked as to what is the logic of multi-
million dollar reclamation projects that create new farmland

on which government subsidized crops will be grown and which in
a sense force farmers from other areas in the country out of
work. (In a recent study of the National Water Council, the
very strong recommendation was made that no further irrigation
should take place in the West unless other conditions,
especially economic reconsiderations, were met‘®"). One should
also not forget that a major debate concerning growth looms
when we consider that many of the areas in the mountain states
contain large Indian reservations and there is increasing
danger of the abbrogation of Indian water rights. Thus, a real
water crisis is looming for many mountain states.

To continue with some examples, it has been increasingly
recognized that the future of southern Arizona relies literally
on a drop of water. Irrigators in the state are taking 2.4 mil-
lion acre feet more out of ground water supplies annually than
is replenished by nature. The underground water table, which
has been the source of most water and the basis for economic
development, has dropped as much as twenty feet in some places
and at a few points the aquifers have been depleted to depths of
300 to 450 feet.“%5 The land, once supported by water, has
caved in, creating cracks in the desert thirty feet deep and
twenty feet wide. More than one subdivision is sprouting for
sale signs as homeowners try to sell their residences before
the lengthening cracks in the nearby desert reach their
neighborhoods. *%°

To quench the thirst for water from a booming Arizona
population, the Central Arizona Project (CAP) has been proposed
as a billion dollar Federal effort to transport 1.2 million
acre feet of Colorado River water 200 miles to arid parts of the
state. Strong questions, however, have been raised about the
overall policy of growth as well as opposition to the forming of
a double barrier aquaduct surrounding hundreds of miles across
open desert with the assorted environmental consequences.
Others have been questioning the state's agricultural base,
at.least that portion producing low value forage crops as not
worth saving and they argue that existing ground and surface
water supplies, if used to economic advantage, are sufficient
for the foreseeable future.'®’ And still others, point out to
the implications of a loss of economic appeal for agriculture.
For example, a tempting calculation estimates that in 1960
just less than half of the groundwater pumped in the immediate
vicinity of Tucson went into agriculture that supported only
1500 people. Yet, that same water could support a city of
200,000 domestic users."®® One should hasten to add, however,
‘that such comparisons are meaningless unless seen in the con-
text of long-range planning and with strong considerations of
equity in mind.

In essence, without new sources of water, disaster could
come around first for agriculture and perhaps eventually for
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the rest of the population of Arizona. Arizona has already

been obliged to place a moratorium on further wells for ir-
rigation purposes and a third of the lands once farmed have
already been forced out of production as they are being replaced
by industries and homes which require substantially less water.
The question of balanced growth becomes accentuated if we recog-
nize that the beneficiaries of the present system in Arizona

are few: 1less than 900 farms, all of 2,000 acres or more, which
account for 36.7 million of the state's total farm acreage of
38.2 million acres. Such data are consistent with a current
top-level report to the Congress by the General Accounting
Office to the extent that loopholes in the 70-year-old reclama-
tion law have benefited significantly large farm operators

and corporate farms. Within the seven districts of the Central
Valley Project (California), the report indicates that a total
of 71,645 acres of land benefiting from the irrigation works

was owned or leased by only seven of the largest operators with
their farms ranging in size from 1,774 acres to 40,404 acres
(Denver Post, December 3, 1972).

It has been predicted that even with CAP only one-third
of the amount that would really be needed to correct Arizona's
depletion of its residual underground water will be available.
In not too many years the last major underground sources will be
exhausted. When the projected population growth for 1980 is
added, the state will annuallg overdraft around three and a half
million acre feet of water."® Many authorities in Arizona
recognize that multi-purpose planning for use of water and
conservation is essential to assure long-range survival. Among
possible sources and methods of future water development, are
included development of groundwater at greater depths in
alluvial basins, capture of surface water for artificial re-
charge, conversion of brackish water, increased runoff from
vegetation and soil modification, etc.“’?

Other states in the region are becoming very wary of the
problems of Arizona and of southern California and they look
sternly to their neighbors as raiders of their own water supply.
For example, Idaho's great fear is that California and other
areas of the parched southwest will try to tap the Snake River
and other Idaho waterways by gigantic diversion schemes. One
proposal would divert water from the Snake in Wyoming, channel-
ing the water into the Green River and then to the Colorado
River system and from there on through trans-Nevada siphon
water to southern California. It is on the basis of such fears
and of increased rivalry on the use of water in the mountain
states that at least until 1978, government planning for trans-
basin diversion is frozen. A ten year moratorium was written
in the 1968 Colorado River Act, which also included the Central
Arizona Project.

Similar cases of water difficulties can be offered for
many other states in the region. 1In Colorado, for example,
since water supply is limited and 50 percent of the surface
water goes downstream in two months (May and June), storage
facilities are necessary if water to which Colorado is entitl-
ed is to be utilized. Yet, water development on a grand scale
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is approaching an end. On the other hand, Colorado is out of
surface water supply in the Rio Grande Basin, and as a result of
suits brought against Colorado by the state of Texas and the
state of New Mexico there is an obligation to assure these
states at least the scheduled compact delivery each year. Texas
and New Mexico allege that Colorado is in arrears by 800,000
acre feet in meeting past commitments. Similarly. there is
overall water shortage in the Arkansas Basin where the future of
water development hinges more on efficient management of water.
It should be noticed that as water use becomes more intense,
being reused more as it moves downstream, the problem of

salt is compounded. Repeated use increases salt content,
progressively reducing water quality; too much salt renders
water useless for agriculture. California has expressed con-
cern for the increasing salt content in the Colorado River and
Mexico has repeatedly protested loudly about the low quality
water reaching its frontiers.

For the Mountain States, as well as the West in general,
one thing is becoming apparent: water needs exceed supply
since the total water demand for the West is put at 215.4
billion gallons per day in 2000, nearly 40 percent above the
maximum dependable stream flow of 154.1 billion gallons per
day.“71 To repeat an earlier statement, the present data as
well as the projections for the future point out that either
total use will have to be brought into line with supply or one
type of water use must be sacrificed to maintain another. It
should be noted, however, that in a study prepared for the
National Water Commission, more optimistic projections concern-
ing future water options have been made. It was indicated
that projected domestic demand and exports of food in the year
2000 could be met even with some reduction in the use of water
for irrigated farming. For the Western states in particular, it
appears that projected urban, manufacturing and other nonfarm
uses of ground and stream water will not require large diver-
sions of irrigation water from agriculture by the year 2000.
Hence, in the case of potential future water scarcities,
especially in the West, agriculture need not use more but
actually can release a_fairly large supply of water for indus-
trial and urban uses.“’? As such studies' results indicate,
an increase of the water price to thirty dollars per acre foot
as a minimum for the 17 Western States would allow release of
an additional 36.2 million acre feet per year from agriculture
(in Arizona many farmers believe that they cannot pay more
than twenty dollars for an acre-foot of water for low-value
crops and make a reasonable profit). Clearly, if value of water
in nonfarm uses specifies it, water can be released from agri-
culture to uses in other sectors and locations.

Looking at the prevailing demographic trends, it is ex-
pected that as population increases, consumptive use will in-
crease and the tendency is for agriculture water to be diverted
to municipal-industrial uses. However, at the same time a
certain amount of water is required to maintain adequate stream
flow for the fish habitat, wildlife support, recreation,
interstate compact commitments and waste carriage and disposal.
As a result of reduced water supply, insufficient stream flow
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may create problems for diluting waste and, therefore, may
compound water pollution. Problems of consumptive use and
stream flow requirements are alsoc compounded by on-site water
requirements, such as the preservation of lakes and marshlands,
which not only provide support for wildlife but are also im-
portant ingredients of the aesthetic and recreational attrac-
tion of the region.

What all these mean is that the future of the region de-
pends in both augmenting the natural supplies and in develop-
ing alternative means for meeting competing demand. The first,
involves such items as tapping groundwater potentials, attempts
for desalination, weather modification, vegetative manipulation,
brushland conversion in the areas below the commercial zones,
treatment of riparian vegetation, etc. Parallel to the efforts
for augmenting the natural water supplies, alternative means
for meeting increased demand include not only conservation of
use and efficient management, but also such items as re-
circulation of water, reduction of losses by suppression of
evaporation or rather conveyance losses, and pricing of water
services which can have significant implications to water use
practices.

From all trends discussed above and from the physical
conditions prevailing in the region, it becomes apparent that
new, different, expanded, and competing demands will increasing-
ly characterize the water scene of the states in the area.

Many commissions in the various states have urged policies on
water management to be coordinated with policies on land use,
natural resource management, and policies on population and
environment. Since in many areas water constitutes the limiting
factor for agricultural production and it is more valued than
the land, every reform or planning effort can be more efficient-
ly carried out if it concentrates on water rather than land.

At the same time efficient water administration, supported

by adequate legislation, may also establish more pertinent
criteria for the allocation of scarce resources, and channelize
growth to preferred areas of future growth.

However, the urgency for a comprehensive water development
policy depends not only on past and present trends of popula-
tion increase, urbanization, industrialization, and ecological
awareness, but also on other factors complicating the physical
and technological aspects of water resources planning and use.
The major problems are the numerous governmental jurisdictions,
each with specific responsibilities for water conservation and
management. Contrasted to the usually unified government unit
managing water supplies in most of the nations in the world, the
American federal system divides power between national (Federal
government) and the States. The last delegate powers to several
types of local authorities, including counties, cities, dis-
tricts, and special administrative units. Thus, upon the
numerous river basins of the Western United States and in ad-
dition to the national government represented by 17 states,
there are to be found over 14,000 units of local government, all
with various responsibilities for determining the allocations
of water for specific uses. At the same time, segments of
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private enterprise vie with publicly owned and operated
enterprises.

When we look at the problem of water management from a
macropoint of view, we have also to acknowledge the larger dif-
ficulty where each State is obligated under either a compact,

a court decree, or a judicial allocation to apportion the water
of the interstate stream between States. Two problems are im-
mediately associated with this fact, one of guantity and the
other of quality. Thus, although liability for water distribu-
tion rests with the particular State, there is no effective or
efficient mechanism for proper transfer of this obligation to
the people using the water. At the same time, through the use
(or misuse) of his water rights, the individual holder is ef-
fecting the quality of the stream, either through misapplica-
tion (resulting in salt concentration), or by taking the water
out of the system and thus maintaining (and in some cases in-
creasing) natural salt pick-up. As water supplies become more
fully utilized, the importance of irrigation return flow quality
will be of even greater significance in the over-all water man-
agement and development in a river basin. -

What we have, then, in the West is a complicated system of
demographic, administrative, and natural water districts
which, in addition to natural overlaps, create a multitude of
problems in jurisdiction and use. At the same time, given the
open character of the water systems, we have major ties of
every kind of a major basin with surrounding water systems.
For example, the Colorado Basin is not a self-contained system
but has many ties with surrounding areas, such as the provision
of water from the Colorado to the Great Basin through the Cen-
tral Utah Project, water from the Colorado Basin to the Missouri
basin through, for example, the Denver water withdrawal system,
the Fryingpan-Arkansas transfer of water, the San-Juan Chuma
transfer of water to the Central Arizona project, and finally
the major transfer of water from the Colorado River to the
Southern California project (MWD). When we think of the prob-
lems of water management, we have to keep in mind the existence
of a myriad of systems and subsystems, each only relatively
autonomous, and open since they have a wide variety of linkages
on different levels. 1In other words, a specific irrigation com-
pany is usually part of a federation of irrigation systems
within a subsystem of a given basin and part of larger inter-
basin exchanges.

The previous general discussion has attempted to show the

overall trends affecting water use in the West. This part of
the country will also continue to have continuous .(although
not highly increasing) water demands for irrigated agriculture.
As Table 3 indicates, the western region of the United States
will experience moderate increase in agricultural irrigation
between 1980 to 2020. Various other studies have shown similar
trends in the slow rate of increase in irrigation water use.
A most interesting estimate of water use and projected require-
ments by region is that included in the composite Table 4, bas-
ed on projections of the Water Council. As contrasted to other
regions of the nation, most of the western regions present
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Table 3. Projected estimates of agricultural ir-
rigation in the Western Regions of the
1980-2020 (thousands of

United States,

acres).
Region 1980 2000 2020
Souris - Red - Rainy 90 230 250
Missouri Basin 8,050 8,950 9,600
Arkansas - White - Red 5,600 6,400 6,690
Texas Gulf 6,510 7,350 7,770
Rio Grande 2,050 2,180 2,200
Upper Colorado 1,900 2,150 2,250
Lower Colorado 1,820 2,190 2,400
Great Basin 2,340 2,510 2,570
Columbia - North Pacific 7,350 7,810 8,490
California 9,050 9,600 11,540
TOTAL - WESTERN REGIONS 44,760 49,370 53,760
MAINLAND UNITED STATES 49,990 56,910 62,890
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regiqns of the nation, most of the western regions present
us with stationary trends of projected irrigated land use.

We need to add a few words on the problem of water quality
associated with irrigation in the Western United States.
Two interrelated problems help us clarify the status of water
resources in the arid west: first, the question of water sup-
ply which is also associated with the present wasteful use of
limited water; and, second, the economic impact of increased
natural, as well as man-made pollution. According to EPA,
BLM, and CRBC estimates, man in his works is already signifi-
cantly increasing the salt load in the Colorado River's natural
salinity. As a general rule, in salinity concentrations above
500 mg/l, the value of water begins to diminish not only because
of increased costs in water softening, corrosion, etc., but also
because of the need for greater amounts of leaching water and
the damages incurred from diminished crop yields or the inabil-
ity to grow certain high-value crops. It is now estimated that
the bill for this salt reaches $16 million a year and it is
expected to reach $28 million by 1980 and $51 million by the
year 2010, unless the salt loads are reduced substantially.
At the same time, it should be noticed that the major efforts
concerning return flow gquality problems are directed at control
of the source, rather than treatment and reclamation of degrad-
ed water."’?® ‘

The natural problems of salinity are accentuated by the
larger trends of growth described above. So as man has been
and will be taking water out of the river and its tributaries,
as well as daming the streams and polluting existing water sup-
plies, water used for irrigation will not only be picking the
salts in the land, but will be increasing the salt levels be-
cause of the above conditions. The vast natural evaporation,
municipal use, and the malpractices in the use of water based
on the convenience of the irrigator and protection of his water
right, are not only diminishing water supplies and increasing
natural water salinity, but they are also accelerating prob-
lems of man-created pollution in the water systems of the West.

Given the natural problems of water salinity, the increas-
ing demands for water and the parallel trends of population
. growth, urbanization, and industrialization and increasing water
gquality requirements, we may have also increasing conflicts in
water use. On the one hand, water quantity is assuming greater
importance due to the pressures of population growth, munici-
pal expansion and competition among a wide variety of uses of
this limited resource. On the other hand, with each water use
there are also associated quality considerations pertaining to
both the water extracted from and that returned to the source.

All in all, water in the region remains a central point
of concern and a sensitive issue, reinforcing a widely shared
conviction about the need for control and coordination. Around
water as an organizing concept. the broader policies of develop-
ment can be interwoven into an integrated effort for managing
growth in an ecologically fragile region. Comprehensive
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planning and management implies immediate attention to such
items as:

1. The status of water rights and the concepts of benefi-
cial or reasonable use.

2. Increased efficiency by means of modernizing facilities
and equipment, checking of evapotranspiration and
transmission losses, modification of delivery sched-
ules, water measurement, run-off reclamation, etc.

3. Organizational re-arrangements and administrative ef-
fectiveness, including pricing restructuring, con-
solidation of fragmented companies and districts, and
improved administrative mechanisms of intelligence,
coordination and control.

A crucial facet of any water management system are the
types of incentives and the structure of the organizational
-arrangement that may permit efficient irrigation. Incentives
for efficient management usually come in the form of economic
incentives, either negative or positive. At the same time, the
larger law regulations contribute substantially to both the
creation and the solution of irrigation problems. Indeed, in
many instances, there is no incentive to conserve water in most
of the irrigated valleys in the West. A key problem is that
most irrigators feel that they must use their full water right
because they are afraid of losing any portion of the unused
right. Despite repeated observations and findings that such
attitudes of excessive use of water right frequently contribute
to local drainage problems, the practice persists because it
is rooted in deep-seated personal fears as to water use and on
the notion that the exercise of the right means the preservation
of the right. A paradox then seems to emerge, i.e., that ef-
ficient farmers who through improved technological practices
save water, are not able at the same time to use the conserved
or saved water to irrigate additional land or to supplement
their water supply for lands having an -inadequate water right.
A farmer who has used inefficient and many times flooding tech-
niques has a built-in advantage and, thus, any incentive from
the legal point of view is diminished by the realities of the
persistent attitudes in the use of present water rights. This
simply compounds any effort for improving his water management
practices.

Thus, if one is to understand the overall picture of water
in the West, and develop efforts for comprehensive planning in
the context of changing prevailing practices and attitudes,
attention should be focused to the following concerns:

1. Priority of use (and the interpretation of legal
doctrine).

2. Geographic area (and the increasing scope of planning) .

3. Population affected.

4. Political units involved.

5. Disciplinary scope (and the attempt towards a multi-
disciplinary synthesis).
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As it was pointed out above, to bring about changes in the
organizational behavior of all types of units involved in water
management, as well as effective responses from individual
irrigators, three major categories of policy decisions and
social action must be made: first, strong incentives for
efficient or new uses (economic benefits, redefinition of the
doctrine of beneficial use, etc); second, structural changes
(such as new organizational arrangements, creation of inter-
and intro-state agencies, appelate bodies, water brokerages -—-
either private or public.); and third, "regulatory counter-
incentives" (such as stricter enforcement, pricing policies,
etc.). More than anything else, however, all the above changes
or attempts for modification must be guided by a pervasive
spirit of social consciousness and a new world outlook of in-
dividuals and collectivities away from their small closed system
of their particular communities, to the larger and much more
complex regional scene.

The previous discussion concerning socio-demographic
and water resources trends in the Rocky Mountain region, was
a necessary introduction for being able to analyze the irriga-
tion systems of the eight research areas of the study. While
each of these systems is characterized by an idiosyncratic
combination of physical and non-physical parameters, they all
share the common backdrop of a fast urbanizing region, char-
acterized by relative water scarcity, competing demands, and
the challenge of maintaining agricultural efficiency.

-95-



POUDRE VALLEY

Location and Physiography

The drainage area for the Cache la Poudre River lies in
north-central Colorado on the eastern side of the Rocky
Mountains and is shown in Figure 9. The eastern side of the
Laramie and Medicine Bow Ranges forms the western hydrologic
boundary. The Mummy Range forms the southern hydrologic bound-
ary between the Big Thompson River and the Cache la Poudre
River. The northern boundary is in the high plateau region of
southern Wyoming. The Cache la Poudre discharges into the South
Platte River on the eastern boundary near the city of Greeley.

The maximum difference in topographic relief is approxi-
mately 7550 feet; the altitude above mean sea level for the
agricultural area ranges from a minimum of 4650 feet near
Barnesville to about 5800 feet near Livermore. At the Con-
tinental Divide, the maximum altitude is 12,200 feet.

Slightly more than 50 percent of the land area lies in the
mountainous region and the dividing line is a belt of foothills
along the eastern base of the mountains. A rough undulating
area which extends along the foothills and into Wyoming along
the northern boundary forms the headwaters for the two principal
plains tributaries to the Cache la Poudre; namely, Boxelder
Creek and Lone Tree Creek. Most of the torturous mountain
tributaries head among high mountain snowfields about 75 to
100 miles west of the plains.

The Cache la Poudre River technically heads at Poudre Lake
on the Continental Divide (by Trail Ridge Road), but in
actuality it heads at Chambers Lake. The Cache la Poudre River
is the last major perennial tributary to the South Platte River
before its confluence with the North Platte River in Nebraska.

From its headwaters, the Poudre proceeds in a north and
east direction to the mouth of Poudre Canyon, where it swings
east and south for about 35 miles until it meets with the South
Platte River just east of Greeley, Colorado.

The agricultural portion of Poudre Valley lies mostly in
the Colorado Piedmont section of the Great Plains Province.
Basically, the Poudre Valley consists of a series of lowlands
lying along the stream separated by gently rolling uplands.

The river flood plain averages about a mile in width with
an irregular topography caused by oxbow lakes, abandoned
meander scars, and scattered remnants of eroded terraces.

As a general rule, the majority of the flood plain lies north
of the river with the south side bounded by high bluffs and no
terraces. The northern terraces, on the other hand, have a
gentle rise to the bench lands. The average rate of rise of
the terraces is about 25 feet per mile in the irrigated areas.
Most of the irrigated agricultural activities take place in
this northern section. The top of the southern bluffs is also
gently rolling, but is largely dry farmed because of difficul-
ties in reaching this area with water due to the steep eroded
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escarpment near the river. Some of this land, however, is ir-
rigated with water from the Big Thompson River.

The rolling topography of most of the area is a result of
ancient winds. There are also numerous scattered lakes and re-
servoirs which are the result of this undulating landscape;
they were the result of wind action forming depressions in
which the natural precipitation collected. Many of these lakes
have been enlarged by constructing dikes and levees to increase
their storage capacity for irrigation purposes. The lakes and
reservoirs in the Poudre Valley are filled primarily by the
existing canal system.

Climate

The climate of the Cache la Poudre is characterized by low
annual precipitation, a high rate of evaporation, low humidity,
an abundance of sunshine and wind, and a wide range of tem-
peratures. The summers are moderately hot and the nights are
relatively cool. The winters are generally mild but have short
periods of severe cold, and there are usually several heavy
snowstorms during the winter. However, the snow does not
accumulate in the valley.

Precipitation (Figure 10) is generally sufficient to sup-
port a light cover of native grasses and shrubs, some winter
grains, and a little hay. Most successful farming depends on
irrigation for its water supply. Fall and winter precipitation
is usually in the form of snow, while spring and summer pre-
cipitation usually occurs as thunderstorms with intermittent
strong winds and hail. The precipitation is nearly always
erratically and unevenly distributed. The mean annual pre-
cipitation is 14.19 inches at Fort Collins, 12.38 inches at
Windsor, and 12.15 inches at Greeley. The maximum monthly
precipitation usually occurs in May while the minimum usually
occurs in January in the form of light, dry snows.

The mountain agriculture, which is primarily hay and pas-
ture, often has only a 90-day growing season. Depending on the
location, the average length of growing season in the irrigated
area is from 175 to 185 days. Generally speaking, however, the
growing season is sufficient to raise most temperate zone crops
such as corn, sugar beets, potatoes, alfalfa, etc. The mean
annual temperature at Fort Collins is 48.1°F, and 48.3°F at
Greeley (Figure 11). :

Water Supply

The natural water supply is totally supplied from melting
snow and the perennial snow fields in the mountains, and pre-
cipitation. However, the transbasin diversions, of which the
Colorado-Big Thompson is the largest, provide a very significant
contribution to the total flow. These foreign waters are also
derived from melting snow sources in other high mountain
watersheds.

The natural flow of the Cache la Poudre River and its
mountain tributaries contributes about 44 percent of the total
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water supply to the valley. The Colorado-Big Thompson con-
tributes another 17 percent and the other transmountain diver-
sions furnish 6 percent. Pumped water yields another 33 percent
(Figure 12). Intensive reuse of return flows from irrigation
and municipal waters, plus the natural flows of the plains
tributaries, yield (in effect) an additional 145,400 acre-feet
per year."“’

Agricultural Economic Conditions

The Cache la Poudre Valley is an area of widely diversified
agriculture ranging from native hay to corn and sugar beets to
carrots, potatoes and cucumbers. Although many crops grow

well in this area, the three major crops are corn, sugar beets,
and alfalfa.

The principal agricultural industries are general farming,
livestock feeding and dairying. The alfalfa and corn are
usually raised for consumption in the area by the large number
of feeder cattle and sheep. Sugar beets are sold to Great
Western Sugar Company, and the tops and pulp used to supplement
the livestock industry. The small grains such as oats and
barley are primarily consumed in the area.

~ The farming in the area is of two types, one being ir-
rigated, the other being dry farming. The dry farming is found
on the hills that are too high or the cost incurred in deliver-
ing the water to these hills would be too great, or the soil
was deemed as marginal. These dry farm plots are primarily
used for small grains. The irrigated lands, on the other hand,
are used for farming and they have been leveled under the direc-
tion of the SCS, with various nutrients plowed into the ground
to enhance the production capacities. The products which are
grown are primarily sugar beets, small grains, corn, alfalfa and
some soy beans.

The cash value of agricultural crops during 1967 for
Larimer and Weld counties was $9,600,000 and $43,600,000,
respectively. Of the total cash value of $53,200,000, the value
of crops from irrigated lands was $47,000,000. Thus, the aver-
age cash value of crops from irrigated lands was approximately
$190 per acre.

Human Community

Poudre Valley contains two northern counties of Colorado,
Larimer and Weld. Both of these counties are fairly similar in
terms of population, size, and composition, but with Larimer
County increasingly becoming highly urbanized, as contrasted
to Weld County's firmer agricultural basis.

Larimer County, which is located on the west edge of the
valley, with a population of 89,000 according to the 1970 cen-
sus, has shown a high increase of 68.53 percent over the pre-
vious census. The number of the inhabitants of Larimer County
classified as urban in 1970 were 59,557, with the remaining
23,644 classified as rural. However, Larimer lists only 2,167
persons as full-time employed in agriculture, a rather small
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proportion of the 34,094 persons gainfully employed in the
county. The largest number of employed persons in any single
category is to be found in manufacturing, followed by education
and construction. The population of the county is rather young,
with high in-migration and high levels of educational attain-
ment. The principal city in Larimer County is Fort Collins.
Fort Collins has been growing much more rapidly than the rest of
the county showing an increase of 72.2 between 1960 and 1970

for a total population of 43,098 inhabitants in 1970. Fort
Collins is the eighth largest city in the state, rapidly
becoming the populous pole in the emerging Colorado megolopolis
stretching all the way from Fort Collins to the north to

Pueblo to the south. As a matter of fact, projections to the
year 2000 estimate an approximate population of 200,000 persons
in the county with an even higher number of people by the year
2020 (estimated to about 355,000 inhabitants).

The urban growth of the city of Fort Collins is part of a
rapidly growing urban hinterland contained between the cities of
Fort Collins, Loveland, and Greeley (the last in Weld County)
forming an idealized "urban triangle." The population of this
triangle which is superimposed on Poudre Valley is expected to
increase from about 95,000 to more than 400,000 people by the
year 2020.

The rapid urban growth of Poudre Valley represents a
situation where a great deal of agricultural land and agricul-
tural water are rapidly being converted into water used for
municipal and industrial purposes. Part of the industrial
growth in the Poudre Valley has been through the recent influx
of new industry such as the new Kodak plant, right across the
Larimer County line in the neighboring Weld County. There are
also other large manufacturing establishments such as the
Hewlett Packard plant in Loveland, which employs many Fort
Collins residents, Woodward Governor which maintains a fairly
large facility in the Fort Collins area, and Colorado State
University, absorbing for its supporting personnel a significant
number of people in the Larimer County region.

Similarly, Weld County which is located in the eastern
part of the Poudre Valley is experiencing parallel trends of
growth although not as pronounced as the ones in Larimer County.
The population of Weld County according to the 1970 census was
89,297 inhabitants. This is a 23.43 percent increase over the
1960 census. Overall, Weld County is not growing as rapidly
as the Larimer County region, but the agricultural land in
this county is much more fertile and productive as compared to
Larimer County. Indeed, the Weld County area was the earlier of
the two areas of the Poudre Valley to be settled and the growth
in this county has been much faster until the latest census
which showed decreasing rates of increase for the entire county.
This is particularly true for the urban population of Weld
County which according to the latest census was comprised of
41,272 persons. The major city of the county, Greeley, grew
by 48.8 percent between 1960 to 1970 (showing a total of
39,167 inhabitants according to the 1971 census). The general
trends of population growth in the valley can be seen in
Table 5.
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It should be recalled that the major factory of Kodak
was established in the western-most part of Weld County or right
across the county line from Larimer. Thus, despite the slowing
of the rates of growth in Weld County, similar factors seem
to operate promising future growth for all the area of the
Poudre Valley. The Kodak plant is equally accessible to the
residents of Greeley, as to the rest of the population in the
valley.

The continuous trends of urban and industrial growth and
the emergence of an industrial-commercial complex (including
development of transportation companies, material supply com-
mercial businesses, and service enterprises) are expected to
become the standard features characterizing life in Poudre
Valley in the coming years. What should be remembered here,
both in the context of changing communities and from new con-
ditions resulting from the conversion of water uses, is that
when the location of industrial plants occur and urban growth
rapidly takes place, they are often accompanied by sudden, and
sometimes traumatic, changes in the lives of surrounding
communities. 1In addition to vast changes brought about with
the new and massive capital influx, new values, and conflicting
demands for natural resources, the old social structure is
also altered and traditional and established patterns of com-
munity life and employment are also disrupted.

Against such a background of a rapidly changing and fast-
urbanizing valley, we need to see the past developments of ir-
rigation, the present role of agriculture and some prospects
concerning water and land use in the valley.

Irrigation Development

One of the first large areas to be developed for irrigation
in Colorado was the area along the Cache la Poudre River. The
first attempts to raise crops in the Poudre Valley were at
Laporte in 1860. Vegetables, small fruits, native hay and oats
were raised. The ditches were small and irrigated the "first
bottom" where the labor and the expense of operation were
minimal and permitted the easy cultivation of the alluvial
soils.

The actual speedy development of the Cache la Poudre began
with the completion of the Union Pacific Railroad and the coming
of the Union Colony to the Greeley area in 1870. The Colony,
under the leadership of Nathan C. Meeker and under the patronage
of Horace Greeley, was founded on the belief that the higher
lands above the river could be successfully adapted to cul-
tivation with irrigation. Prior to the settlement of the
Union Colony, there were only about 1000 acres under cultiva-
tion, with several small irrigation ditches conveying water to
the lands along the margin of the river. The Greeley No. 2
Canal, constructed by the Colony, was the first large canal in
the state designed to irrigate the terraces above the river.
Since its original construction, this canal has undergone sig-
nificant changes and it is now known as the New Cache la Poudre
Irrigation Co."77
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The leaders of the Union Colony planned a number of canal
systems (Figure 13) designed to irrigate the lands of the
benches above the river. The first of these, Canal No. 1, was
never constructed, but it was planned to head near the mouth
of the canyon and end near Crow Creek. This canal would have
served most of the lands now irrigated by the Larimer County
Canal and the Larimer and Weld Canal. Canal No. 2, now known a
as the Greeley No. 2 Canal, was begun in the fall of 1870.
Canal No. 3 was the first built after the arrival of the
colonists on the southside of the river near Greeley. Canal
No. 4, also not constructed, was to have headed on the Big
Thompson River and irrigated the bluffs to the south of Greeley.
This land is now irrigated by Big Thompson River water with
supplemental Colorado-Big Thompson water through the Greeley-
Loveland Canal.

The next large canal constructed, which involved the en-
largement and lengthening of an existing ditch, was the Larimer
and Weld Canal. This canal was constructed during the period
1879-1881, when it was enlarged to 571 cfs. The Larimer and
Weld Canal, the largest of the canals drawing water from the
Poudre, heads just north of Fort Collins and runs to Crow Creek
near Barnesville.

There is an extensive and detailed system of laterals to
deliver water from the main canals to the fields. Generally,
these laterals follow the tops of the ridges and, therefore,
run at the slope of the ridges and require drop structures.
Where there are several farms under a lateral, the owners have
often formed lateral ditch companies. These small companies
operate in the same manner as the large companies and, al-
though they use water from a canal, are often completely
independent.

Another ditch constructed above the Larimer County Canal
which extends past the end of the North Poudre Canal was the
Laramie-Poudre Canal. This canal ran discontinuously for a few
years until 1928 when it was abandoned.

The above discussion pertains only to the large canals, but
there were several smaller ditches constructed during the period
of interest. The listing of water rights for each irrigation
company as listed in Table 6 provides a vivid picture of the
multitude of canals and ditches traversing the valley.

The framework of the canals conforms approximately to the
contour lines and provides a general indication of the character
and slope of the country. As the map in Figure 5 shows, most
of the irrigated lands lie north of the river; the most notable
exceptions are near Fort Collins and a small area near Greeley.

Most of the ditches have been operated and managed on the
premise of collecting the return flows from canals lying above
and reapplying this water to the land. 1In fact, many of the
canal companies could not operate, would not have enough water
to irrigate all of their lands, if it were not for this ad-
ditional water from return flows. The Bureau of Reclamation
has made the observation that the seepage losses of a canal are
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Table 6. List of water rights by irrigation company.

Canal Name Priorities Amount Date (1800's)
Ames Canal (Cap. 20 cfs) 25 17.97 10-1-67
Arthur Ditch (Cap. 110 cfs) 2 0.72 6-1-61
19 2.165 7-1-66
29 2.165 6-1-68
32 1.67 6-1-69
38 31.67 4-1-71
52 18.33 7--20-72
66 52.28 4-1-73
B. H. Eaton (Cap. 40 cfs) 9 29.10 4-1-64
18 3.33 6-1-66
53 9.27 7~-25-72
Boxelder (Cap. 60 cfs) 15 32.5 3-1-66
23 8.33 5-25-67
30 11.93 7-1-68
Greeley #3 (Cap. 185 cfs) 35 52.0 4-1-70
46 41.0 10-1-71
50 63.13 7-15-72
59 16.66 5-15-73
Chaffee (Cap. 22 cfs) 48 22.38 3-10-72
Coy (Cap. 32 cfs) 13 31.63 4-10-65
Jackson (Cap. 60 cfs) 3 11.67 6-10-61
36 14.42 10-21-70
67 12.13 9-15-73
Jackson 91 12.70 7-15-79
Ft. Collins Pipeline : 1 3.5 6-1-60
(Cap. 28 cfs) 5 2.5 3-1-62
6 7.0 © 3-15-62
12 2.78 9-15-64
14 4.5 5-1-65
Greeley Pipeline (Cap. 30 cfs) 6 5.0 8-1-62
6% 7.
Jones Ditch (Cap. 25 cfs) 24 15.52 9-1-62
Lake (Cap. 165 cfs) 54 158.35 3-1-62
Larimer County Canal 5 10.77 3-1-62
(Cap. 500 cfs) 12 13.89 9-15-64
28 4.66 3-15-68
56 4.0 3-20-73
84 7.23 4-1-78
100 463.0 4-25-81
Larimer County #2 ‘ 14 3.5 5-1-65
(Cap. 180 cfs) 57 175.0 4-1-73
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Table 6. {Continued)

Canal Name Priorities Amount Date(1800's)
Larimer & Weld (Cap. 850 cfs) 10 3.0 6-1-64
16 1.47 4-1-66
21 16.67 4-1-67
45 75.0 9-20-71
73 54.33 1-15-75
88 571.0 9-18~-78
Little Cache la Poudre 31 62.08
(Cap. 125 cfs) 58 20.42
Munroe Canal - North Poudre 199 250.0
(Cap. 250 cfs)
Greeley #2 (Cap. 600 cfs) 37 110.0 10-25-70
44 170.0 9-15-71
72 184.0 11-10-74
83 121.0 9-15-77
New Mercer (Cap. 105 cfs) 25 7.03 10-1-67
33 4.17 9-3-69
47 8.33 10-10-71
49 15.0 7=-1-72
98 136.0 2-15-80
North Poudre Canal 2 .72 7=-20-72
(Cap. 125 cfs) 17 4.75 8-15-73
19 2.165 5-15-74
29 2.165 2-1-80
40 4.0 3-1-83
52 15.0 10-1-84
60 7.2 10-1-88
61 ) 9.38 2-20-90
63 3.32 " 5=-1-94

Date (1900's)

66 11.0 4-30-00
69 3.32 8-1-01
77 6.72 5-15-03
79 6.72 11-1-04
80 6.72 11-2-04
82 2.85 12-31-24
North Poudre Canal , 97 307.0
Ogilvy (Cap. 70 cfs) 122 91.0 7-1-81
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Table 6. (Continued)

Canal Name Priorities Amount Date (1900's)
Pleasant Valley & Lake 4 10.97 9-1-61
(Cap. 138 cfs) 11 29.63 6-10-64
51 16.50 7-10-72
92 80.83 8-18-79
1l02¢ = ===-- 10-10-81
Poudre Valley Canal - '
(Cap. 450 cfs)
Taylor & Gill (Cap. 20 cfs) 17 12.17 4-15-66
Whitney Ditch (Cap. 70 cfs) 7 48.23 9-10-71
43 12.95
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"reclaimed" by catching the return flows and seepage from the
higher canals.

Because the Poudre was one of the first rivers in Colorado
to be heavily used for irrigation, it was also one of the first
to encounter the associated problems of irrigation. The prob-
lems were similar to the difficult questions confronting all
heavy water-use areas, but the solutions appear to be unique --
due mostly to the large numbers of reservoirs and large total
storage capacity of the system in the Poudre Valley.

The Reservoir System

The profitable cultivation of the Cache la Poudre area is
made possible by an intricate system of reservoirs and the ex-
change of water which has evolved from necessity.

There are numerous depressions scattered through the
plains drainage area which are a result of natural phenomena.
The depressions or basins, 5 to 50 feet deep, are the result of
wind action which scoured the soil, carried it to other areas,
and then deposited it.

Some of these depressions collected rain water and formed
watering holes and "Buffalo Wallows." These same basins now
provide facilities for storing surplus water at a relatively
low expense as demonstrated by the listing of reservoirs in
Tables 7 and 8.

The discovery was made at an early date that these natural
depressions could have their holding capacity tremendously
increased by building an embankment across a saddle in a rim and
joining it to higher ground. This construction process was
undertaken at a large number of depressions to form the existing
reservoir system. Many of the small depressions were not im-
proved and consequently these areas provide excellent habitat
for mosquitoes and contribute to an existing local problem
of high water tables from seepage. Also, this land is not
available for agricultural production because it is too wet
to farm.

As an example, the North Poudre Irrigation Company has an
extensive system of canals, tunnels, syphons, and interconnected
reservoirs. One of the largest groups of natural basins in
the state lay below this canal and promised easy development
of reservoir sites, which was the main reason for construction
of the system. However, the rights of the system are subse-
quent to almost all the rights on the river. Due to this short-
age of water, development of lands tributary to this canal has
not been as rapid or as advanced as that of the lands else-
where in the valley. Ground water mining was the only source
of supplemental water. Today, the North Poudre irrigation
system is thought by some to be one of the most important fac-
tors in the local economy because of playing a larger role in
the general exchange system than any other irrigation company
in the area.
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Table 7. Major reservoirs and capacities in the
Cache la Poudre system.

Name Cap (AF) Ownership
Black Hollow 7,485 Water Supply & Storage Co
Timnath (Cache 10,070 Cache la Poudre Res Co
la Poudre) (Greeley No 2)
Claymore 883 Pleasant Valley & Lake Canal
Cobb Lake 22,300 Windsor Res & Canal Co
Curtis 1,525 Water Supply & Storage Co
Douglas Res 8,834 Windsor Res & Canal Co
Fossil Creek Res 11,508 North Poudre
Indian Creek Res 1,908 North Poudre
Luna Pond (Res No 5) 4,082 Water Supply & Storage Co
Kluver Res 1,503 Water Supply & Storage Co
Demmel (Res No 2) 3,910 North Poudre
Hackel (Res No 3) 3,441 " "
Res No 4 1,674 " "
Bee Lake (Res No 5) 8,413 " "
Res No 6 9,986 " "
Clarks Lake 871 " "
Res No 15 5,526 " "
Res No. 8 10,524 Windsor Res & Canél Co
Res No 8 Annex 3,607 Windsor Res & Canal Co
Richards Res (Res No 6) 960 Water Supply & Storage Co
Rocky Ridge 4,492 Water‘Supply & Storage Co
Terry Lake 8,145 Larimer & Weld Res Co
Warren Lake 2,354 Warren Lake Res Co
Water Supply & 4,750 Water Supply & Storage Co
Storage No 3
Water Supply & 1,012 Water Supply & Storage Co
Storage No. 4
Windsor Lake 1.275 New Cache la Poudre
Irrigation Co
Windsor Res 17,689 Windsor Res & Canal Co
Woods L.ake Res 2,687 Woods Lake Farms Co
Horstetooth Res 151,752 U.S.B.R.
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Table 7. {Continued)

Name Cap (AF) ~ Ownership
Park Creek 7,155 North Poudre
Barnes Meadow 898 City of Greeley
Big Beaver (Hourglass) 1,693 City of Greeley
Res
Chambers Lake 8,824 Water Supply & Storage Co
Comanche Res 2,629 City of Greeley
Dowdy Res , 1,619 Colorado Dept. of Game,
Fish & Parks
Italligan Res 6,428 North Poudre
Tor Wright Res 800 North Poudre
Luna Drain Res 4,400 Water Supply & Storage Co
Peterson Res 892 City of Greeley
Seaman Res 5,008 City of Greeley
Eaton (Worster) Res 3,749 Divide Canal & Res Co

(Larimer & Weld)
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Table 8. List of minor reservoirs most of which have
very little data available.

Plains Reservoirs

Drake Reservoir Brewer Lake

Neff Lake Howards Lake
Seeley Lake Briscoe Lake

Lee Lake Lindies Lake

N. Gray Reservoir Darling Reservoir
S. Gray Reservoir Neuman Reservoir
Gray No 3 Reservoir Watson Lake
College Lake Cole Reservoir
Dixon Reservoir Mason Reservoir
Donath Reservoir Rowe Bros. Reservoir
Gress Reservoir McGrew Reservoir
Kitchell Reservoir Thomas Lake Reservoir
Deadman Lake Oklahoma Reservoir
Nelson Reservoir Bubbles Lake
Benson Lake Caverly Reservoir
Williams Reservoir Crom Lake

Mahood Reservoir Hinkley Lake

James Reservoir Morris Reservoir
Angel Lake Duck Lake

Saxton Lake Mud Lake

Packard Reservoir Loop Lake

Owl Creek Reservoir Law Reservoir
Antelope Reservoir Franklin Lake

Swanson Lake

Mountain Reservoirs

Trap Lake
Twin Lake
Zimmerman Lake
Cameron Pass Reservoir
Timberline Lake
Bellaires Lake
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Reservoirs under the management of the North Poudre Canal
include the newly constructed Park Creek Reservoir, Halligan,
Fossil Creek, the Boxelder Reservoirs, Clark Lake, Indian Creek
Reservoir, Miners Lake, Caverly, Spitzer, Demmel, Wasson, Bee
Lake, Hackel, Reservoirs No. 4, No. 6, and No. 15, and some
others, Although the North Poudre Canal is the northern-most
company, it is of particular significance to note that it is a
major stockholder in the Fossil Creek Reservoir which is almost
at the southern-most boundary of the entire system. The
twenty-six mountain reservoirs have a total decreed capacity of
about 48,000 ac-ft. Most of these are owned by irrigation
companies, and six are owned by the city of Greeley.

The Plains Storage Rights for approximately 65 reservoirs
have decreed storage amounting to about 176,200 ac-ft (without
Horsetooth Reservoir). There are approximately 90 or more
reservoirs in the plains section. Many of these reservoirs
have been operating at less than decreed capacity due to sedi-
ment buildups, phreatophytic growth, and deterioration of the
facilities.

Historically, the mountain reservoirs are filled during
periods of high runoff caused by melting snows. The plains
reservoirs are usually filled from April to June with some fall
storage, but some are filled during the period of October to
May when other uses do not require the water. Most of the re-
servoirs lie on the northern upstream half of the canal system,
and there is little conflict from downstream users to fill the
reservoirs, if a call is not on the river.

The right to use water for storage purposes during the ir-
rigating season is junior to those rights for direct irrigation.
That is, when all the water in the river is needed to satisfy
rights for direct application to the land, no water can be taken
into storage.

Reasons for an Exchange System

The Cache la Poudre River has more land available for ir-
rigation than there is water to supply it, as is the case in
most of the arid West. As was stated earlier, this area was
one of the first to develop; it was also one of the first areas
to encounter the problems caused by an inadequate water supply.
This area was also one of the first to solve the problem.

The flow of the Cache la Poudre River is always highest in
June with an average virgin flow of 1769 cfs. The maximum
monthly virgin river flow for the last 35 years has been 3590
cfs, and the minimum, 530 cfs.

Using the list of existing appropriations of Cache la
Poudre water users, it can be shown that most of the canals
have several enlargements over their original decree, each of
which has a priority date dependent upon the date of construc-
tion of the expansion. For instance, the Greeley No. 2 Canal
has an original decree, No. 37, for 110 cfs, with claims prior
to theirs for river water for the amount of 759.26 cfs. The
Greeley No. 2 Canal secured three more enlargements, the last
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being No. 83 which credited the canal with an additional
121 cfs, making a total appropriation of 585 cfs. However, the
third enlargement is preceded by prior demands on the river for

2574.9 cfs, which must be satisfied before the 121 cfs can be
diverted.

The Larimer and Weld Canal has a fourth enlargement, No. 88
for 571 cfs, its main appropriation, which is preceded by claims
on the river for 2735.87 cfs. The Larimer County Canal has
appropriation No. 100 for 469.80 cfs with senior claims in the
amount of 3653.91 cfs. The North Poudre Canal has an initial
appropriation for 315 cfs, but has to satisfy prior rights for
the amount of 4129.71 cfs.

As can be seen from the above discussion, most of the major
canals could not operate even in June, the largest water month
of the year. The average river flow at the mouth of Poudre
Canyon for June is 1769 cfs, while the last enlargement for the
Greeley No. 2 Canal has 2575 cfs in prior claims. The river
has had two years in the last 35 which could satisfy these
claims, much less the rights of the Larimer and Weld Canals or
the North Poudre Canal.

Ignoring the contribution of the Colorado-Big Thompson
water which started in 1951, it was the above conditions which
caused the evolvement of an intricate exchange system.

Anderson has stated that the existing exchange system for
this area was possible for three major reasons: (1) company
ownership of water rights; (2) development of private and cor-
porate storage reservoirs, and (3) the contribution of the
Colorado-Big Thompson Project (C-BT)."7”?®

Company ownership of waters removes the restriction that a
water right is appurtenant to a specified tract of land and
allows the water to be moved between several parcels of land.
The reservoir system made possible a dependable water supply
late in the summer. The C-BT, under its charter, can easily
transfer water anywhere within the Northern Colorado Water Con-
servancy District (NCWCD) from any one use to any other use.

There are three basic types of transfers which have evolved
along the Cache la Poudre River: (1) exchanges between stock-
holders in a company; (2) exchanges between companies; and
(3) exchanges of C-BT water.

Transfers involving persons belonging to a ditch company
are handled by the company office, if the canal is large; or,
if it is a small ditch or private reservoir, on an individual
agreement-payment basis. The large companies often maintain
a service to facilitate the "rentals" by having a list of those
who have surpluses and how much water is surplus; and, when any
stockholder requests additional water, the company can effect
the transfer with a minimum of difficulty. Many companies set
a fixed rate of exchange while others leave the price up to
the seller. Also, some ditches have elected to have no intra-
ditch exchanges (e.g., the Whitney Ditch). Anderson, again,
has stated that these exchanges amount to about 6 percent of
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the total diversion. These intra-ditch transfers have a legal
basis under Colorado Law as stated below:

CRS 1963, 148-6-5 It shall be lawful for the owners
of ditches and water rights taking water for the same
stream, to exchange with, and loan to, each other,
for a limited time, the water to which each may be
entitled, for the purpose of saving crops or using
the water in a more economical manner; provided, that
the owners making such loan or exchange shall give
notice in writing signed by all the owners partici-
pating in said loan or exchange, stating that such
loan or exchange has been made, and for what length
of time the same shall continue, whereupon said water
commissioner shall recognize the same in his distri-
bution of water.

Some people have been able to acquire more water than they
can possibly use and rent this excess every season. Since
there is no property tax on a water right, renting of water
can be a lucrative source of supplemental income.

Transfers between ditch companies take place only in con-
junction with the reservoirs in the valley. From the pre-
vious discussion, and a look at the map of the reservoir
system, it can be discerned that very few reservoirs can be
made to actually serve the lands of their owners. Fortunately,
through the Cache la Poudre solution to water shortages,
whether a reservoir lies above or below a canal is of little
significance as long as it can be utilized or the exchange is
the only criterion for usefulness.

The exchange system was the child of necessity because it
had become imperative to move the water from areas where it
could not be utilized to where it could be used. The main -
reason for the exchanges was that the ditches with high
priority dates and no reservoirs wished to ensure themselves of
a late water supply, while the other junior rights just needed
to ensure themselves of a water supply.

The process gained legal acceptance in 1897 when the fol-
lowing law was enacted legalizing the exchange and providing
for the measurement of waters:

CRS 1963, 148-6-4 When the rights of others are not
insured thereby, it shall be lawful for the owner of

a reservoir to deliver stored water into a ditch en-
titled to water or into the public stream to supply
appropriations from said stream, and take in exchange
therefor from the public stream higher up an equal
amount of water, less a reasonable deduction for

loss, if any there be, to be determined by the state
engineer. Provided, that the person or company de-
siring such exchange shall be required to construct
and maintain under direction of the state engineering
measuring flumes or weirs and self-registering devices
at the point where the water is turned into the stream
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or ditch taking the same or as near such as is
practigable so that the water commissioner may readily
determine and secure the just and equitable change of
water. '

There are some other values of the transfer system besides
the more economical use of water. There is the fact that it
does not involve lengthy and costly litigation for changes in
points of diversion. Also, the use of water on the upper por-
tions of a stream for irrigation will increase the natural flow
of the stream by return flows later in the season and prevent
low stages which would occur without the regulatory action of
subsurface return flows. In time, the return of seepage flows
will ensure the lower portion of the drainage a steady supply
and thereby enable larger acreages to be farmed or cultivated.
However, the last brings about a relatively minor decrease in
water quality.

Municipalities such as Boulder, Loveland, Greeley, Fort
Collins, and Longmont have competed for any C-BT water being
sold, even if it is not immediately needed, thus raising the
price to a point where, if a farmer no longer wants C-BT water,
it will invariably go to a municipality because agriculture
cannot afford to pay for it.

Although the municipal and domestic water districts have
acquired almost 23 percent of the C-BT water, the loss to
agriculture is not as great as it would seem at first glance
for three reasons: (1) the cities have expanded and taken over
lands previously used for agriculture; (2) there are much
larger return flows from cities than from a corresponding agri-
cultural area, even though the same amount is approximately
needed on a per acre basis for both uses; and (3) at the pre-
sent time, the cities have surplus water and are "renting" it to
agricultural and industrial users.

Transbasin Diversions and Imports

The natural flow of the Cache la Poudre River is aug-
mented by a number of transmountain and transbasin diversions.
The Cache la Poudre River is over-appropriated as are most
streams in Colorado and the imported water was developed to
supplement the supply. However, the direct importation is
limited as a result of a number of federal stipulations and
litigations such as the Laramie River Decree, the Colorado River
Compact, and the North Platte River Decree.

At the present time, the largest imported or foreign water
into the Cache la Poudre drainage is the Colorado-Big Thompson
Project (C-BT).

It should be recalled from the previous discussion, that
with the passing of time the number of canals in the valley
continued to grow and the area rapidly overtaxed the capability
of the Poudre River. It was also found that in the latter part
of the year there simply was not enough water to adequately
supply crops so that annually crops burned. The change came in
the form of the Colorado-Big Thompson Project. This Project
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was initiated before the Second World War but its completion did
not occur until 1956, due to shortages in World War II and the
need to satisfy water rights on the western slope.

: The project was designed to collect water from the water-
shed of the Colorado River and transport it through a 13.2
mile tunnel beneath Longs Peak into a tributary of the Big
Thompson River. Water deliveries were begun in 1951. Of all
the water developed by C-BT, approximately 46 percent is allo-
cated to the Cache la Poudre area.

Horsetooth Reservoir, with a capacity of 151, 752 acre-
feet, is the main facility in the Cache la Poudre area. The
reservoir supplements agricultural and domestic water users as
well as fulfilling a recreational function. The Colorado Big
Thompson Project is capable of supplying about 720,000 acre
feet of water to the Colorado eastern slope area. However,
even before the project was entirely completed, it was sup-
plying water to the eastern slope. For example, 1954 was an
extremely dry year and even though the project was not com-
pletely finished, it was able to supply well over 300,000 acre
feet of water which saved many of the crops that particular
year.

The Colorado Big Thompson Project involves a combination
of two agencies. The first one is the Northern Colorado Water
Conservancy District (NCWCD), which has the distinction of being
the first water conservancy district in the United States. This
agency is an organizational entity which contracted with the
federal government to maintain the irrigation system and to
repay the government contract which was held for the construc-
tion of the Project. On the other hand, the NCWCD is not
responsible for power generation and the operation and main-—
tainance of a power system. Such a responsibility is completely
under the control of the Bureau of Reclamation. Yet, the Con-
servancy District and its shareowners do enjoy the advantages of
the revenues from the power generation. Such revenues are
poured back into the cost of operating the irrigation part of
the Project and this creates a savings for the water owners.

In addition to C-BT, there are or have been nine other
trans-mountain diversions (Table 9) of which six are still in
operation. These mountain diversions contribute about 45,000
acre-feet of water annually to the valley.

There are also four transbasin diversions from the Big
Thompson River. They are the Louden Ditch and three via the
Greeley-Loveland Canal, the Boomerang and Grapevide Laterals
and Oklahoma Reservoir.

Interestingly, the development of the transmountain diver-
sions started at about the same time as reservoir development
in the Cache la Poudre Valley was undertaken.

Finally, in the general overview on water supplies in the
areas a few remarks can be made concerning groundwater develop-
ment. Within the criteria of maximum development of all water
sources in a basin, there are tremendous economic benefits to

-119-



Table 9.

la Poudre Valley
Project).

Transmountain diversions contributing to the Cache
(except Colorado-Big Thompson

Name

Period of

Average Flow

Ownership

Operation Per Year AF
Laramie Poudre 1914-1970 10902 Water Supply &
Tunnel Storage (2/3)
Larimer & Weld
Canal (1/3)
Wilson Supply 1914-1970 2248 Larimer & Weld
Ditch Canal
Michigan Ditch 1913~-1970 2285 North Poudre
Canal
Cameron Ditch 1912-1970 196 Water Supply &
Storage Co
Skyline Ditch 1895-1970 12390 " "
Grand River Ditch 1896-1970 12622 " "
Bob Creek Ditch 1920-1950 282 City of Greeley
Columbine Ditch 1921-1956 95 City of Greeley
Lost Lake 1899-1944 219 Water Supply &

Storage
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be derived from coordinating the use of surface and ground water.
Conjunctive utilization requires an accurate knowledge of ground
water use, water table fluctuation and trends, and quality,

plus an understanding of the local economic, legal, social, and
political views and conditions.

There is a severe shortage of ground water information in
the Cache la Poudre Valley from which to base any estimates of
safe yield, data on water quality, or annual recharge and out-
flows of the subsurface waters. There is very little antecedent
information on pumping yields, ground water levels, or pumping
tests. Information regarding geologic factors, natural re-
charge, and deep percolation of irrigation waters is inadequate
for a rigorous evaluation of the system.

According to Rohwer, the first irrigation well in the Cache
la Poudre area and in the state was dug in 1885 east of Eaton
by E. F. Hurdle, who later dug two other wells nearby. The
pumps were probably driven by a steam tractor engine and
later converted to gasoline.%7?9

In 1913, about 27 wells for irrigation in the Cache 1la
Poudre Valley were reported. In 1941, Code stated that there
were 593 irrigation wells.*®? By 1964 it was indicated that
there were about 1300 irrigation wells pumping an estimated
85,800 acre-feet. At the present time, there are about
1396 wells having an approximate annual volume of 200,000
acre-feet.

The Organization of Irrigation Companies

Parallel to physical developments concerning the supply
and distribution of water in Poudre Valley, there have also been
organizational changes and the building of institutions aimed
at maximizing agricultural production. Thus, before we proceed
with the topics of water related land use, water budget analy-
sis, and a concluding discussion as to the challenge (and
opportunity) of consolidation in the Valley, we need briefly to
summarize key points of the organization and functioning of
irrigation companies.

As mentioned earlier, the natural flow of water through
Poudre Valley is exclusively through the Poudre River. Even
impounded water finds its way, one way or another, into the
Poudre River and then is diverted out of the Poudre River by
the river commissioner. The natural flow of the Poudre River,
supplied primarily by the Rocky Mountains west of the Fort
Collins area, is augmented by a diversion canal which brings
water from the Laramie River, and by water which comes from the
Colorado Big Thompson Project and which is stored in Horsetooth
Reservoir.

The return flow is also very significant in the Poudre
Valley area because such a flow is ajudicated and owned by
various irrigation companies. This water is impounded general-
ly at the lower end of an irrigation company's area and it is
then traded to another company which is located down river from
the first irrigation company. This second irrigation company,
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the lower company, will trade water which is impounded in the
mountains to the upper company for the water that they have
stored here in the Valley. For example, the North Poudre Ir-
rigation Company is located in Wellington; the New Cache la
Poudre Irrigation Company is located in Greeley. During the ir-
rigation year the North Poudre Irrigation Company in Wellington
irrigates its land and stores the water in the Reservoir adja-
cent to Windsor. This water is then traded to the New Cache

la Poudre Irrigation Co. which runs the water from Windsor Lake
into its canal system and irrigates the land around Greeley.

To repay this debt the New Cache la Poudre Irrigation Co. gives
the North Poudre Irrigation Co. water which is stored in lakes
at the mountains west of Fort Collins.

This complex use of return flow allows the farmers in
the Poudre Valley area to first of all, optimize the water which
is potentially available to them; and secondly, and more im-
portant, such procedures allow various people in the area to
obtain the water which they are entitled to according to their
water rights. Without this very complex system of water trades
it would be impossible to irrigate the amount of land which is
presently being tilled in the Greeley-Fort Collins area. 1In
addition, this water supply has been augmented by water from
deep water wells. The water is pumped directly from the ground,
dumped into irrigation ditches and used as flood irrigation
from that particular point on.

To conclude the introduction setting the stage for the
organization of irrigation companies, the Poudre Valley area
presently has few prospects of gaining new water from outside
areas. All of the water which is available on the western slope
is owned by various organizations and cannot be diverted to the
eastern slope. All of the water which is available in the
Poudre River has been ajudicated and these rights have been so
totally exploited that the last rights on the river can only be
satisfied if the Poudre River "is in a state of virtual flood.
The potential of exploiting the underground resources in dril-
ling more wells is also significantly limited by the state
engineer's office because the state engineer is now compelling
farmers to register their wells. This is nothing more than a
preliminary step toward ajudicating water wells in the Fort
Collins - Greeley area. The ajudication of wells becomes neces-
sary because so many people have been exploiting the under-
ground water, that the water table began to drop at an alarming
rate.

Legally irrigation water is defined as the property of the
people of the state of Colorado and this water is to be used in
a way which is deemed beneficial to the people of that state.
Historically, water has been a very emotionally-laden issue in
the Poudre Valley area because this has been an area of very
fertile land but chronically water short. Despite the help
provided by the Colorado-Big Thompson project, water is still
in somewhat of short supply. The water companies in the Fort
Collins area are defined by the State in the water laws. All
of the irrigation companies in the area, and there are about
40 of them, have 5 men on the board of directors. The larger
companies serve as high as 350 members and the smallest
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companies serve as few as 15 members. Ninety percent of all
water in the area is supplied by 4 irrigation companies.

These companies are the Eaton Ditch Co., Eaton, Colorado; the
North Poudre Irrigation Co., Wellington; Water Supply and
Storage, Fort Collins; and the New Cache la Poudre Irrigation
Co., located in Greeley. All of these companies date back into
the mid-1800's for their water rights. However, it should be
pointed out that these major four companies are in a sense
large federations, since all four of them serve several smaller
companies as a part of the main company. Such an arrangement is
nothing more but an economic means attempting to maximize the
efficiency of the irrigation companies. These companies are
organized under the direction of the state engineer's office
and Colorado state law. All of them are mutual companies

with no dividends paid to the shareholders, other than those
expressed in the form of irrigation water. The general water
authority delineation can be seen in the descriptive diagrams
of Figure 14.

The board of directors in the companies of the valley re-
ceive their position through election by shares. Every person
who owns property is able to vote and help elect the man who he
feels should be chosen to represent him on the water board.
Because of many part-time farmers in the area, much of the vot-
ing is done by proxy vote. The role of the members of the board
of directors in Poudre Valley is one of forming policy. Their
task is not to say how the company should be run in its day-
to-day operation but primarily as to what the general policies
should be and how such policies should be implemented in the
day-to-day operation. All in all, the role of a representative
or board member is one of directing the irrigation company in
a way that it will be most beneficial for the majority of the
water owners in the company. Since board members are consider-
ed representatives of various groups, their task of representa-
tion is also one of maintaining the best interests of particu-
lar groups who own shares in the irrigation company. In ‘
interviews conducted in the Valley, no one felt that being on
the board of directors was a terribly prestigious position.

All people interviewed felt it was a necessary task which must
be done so that water will be delivered, delivered economically,
and that the irrigation company will have an administration
which will see that the task gets done. It was noted, however,
that all board members of the irrigation companies during the
field investigation, were relatively successful farmers and for
the most part elderly. They had the time to invest in adminis-
tering the irrigation company because they were semi-retired or
in a few cases, totally retired.

The same is also true for the actual management of the ir-
rigation companies, which tends to have older persons. Re-
tirement of ditch riders and water masters is something which
most irrigation companies dread because most irrigation manage-
ment people maintain these positions for many years. Quite
often, the board of directors will not permit a man to retire
when he reaches retirement age because they feel he is too
valuable to be replaced by a beginner. The expertise and train-
ing of such people is primarily one of applied knowledge. By
working long on the system, the water master or the ditch rider
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has an immense understanding of every day problems and the
intricacies of distribution, and he is capable to deal with

the problems which are encountered through his applied know-
ledge. As indicated above, the board of directors dictates
only general policy to these men. The day to day operation of
irrigation companies is something which the managers themselves
take care of. Thus, the task of hiring a new water master is

a very uncomfortable process for an irrigation company and the
members of the board do their best to keep their men as long as
possible. On the other hand, the effect of the shareholders on
the managers is somewhat distant. Although they receive their
instructions in terms of general policy from the board of
directors, the water masters and ditch riders still have to
maintain a great number of ties with the irrigators themselves
as they actually deliver the water to these shareholders. As

a result, many of the management people have defined themselves
as being someone who has to sympathize with the problems of

the various farmers and act as intermediaries offering help for
the alleviation of individual problems.

Broadly speaking, the irrigation companies in Poudre Valley
are more or less the same as they were 75 to 100 years ago.
However, when it is absolutely necessary, certain innovations
and changes must be undertaken. Changes in the surrounding
environment, new conditions of life, and the need to maintain or
improve the efficiency of the system, provide a continuous
challenge to the survival of a given company. Canal lining,
for example, or the maintenance of the physical effectiveness
of the system is a task which most irrigation companies simply
have not engaged in. The cost of lining canals has been con-
sidered prohibitive, although on occasion seepage has been so
terribly high that some canals had to be lined.

Before concluding this section on the organization of
irrigation companies in the Poudre Valley, a few points need to
be emphasized; namely, water rights and practices. Needless
to say, the water rights themselves are strictly defined by law
and firmly adhered to the rate and amount of water allocation.
On the other hand, water trades, such as those described pre-
viously between the North Poudre Irrigation Co., and the New
Cache la Poudre Irrigation Co., can vary from day to day,
week to week, and water year to water year depending on agree-
ments which are renewed every year.

vVarious other norms, traditions, and flexible organiza-
tional procedures characterize the actual operation of the
various irrigation companies. For example, the norms concern-
ing the election of board members are part of a relatively pas-
sive process. Many of the agricultural water users in the area
are part-time farmers, working simultaneously in other indus-
tries in the Valley. As a result, when the annual water meet-
ings are held, these individuals, for one reason or another,
are unable to attend. Therefore, they use the mechanism of
voting by proxy. A proxy vote is best described as a vote for
the status quo. As a result the election of board members is
nothing more than going through the motions of an election on
an annual basis. There really is no c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>