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Preface

| During the past quarter century, the United States has become
aware of an environmental crisis caused by rapid growth and mobility
in the population, affluence, technological innovations and increased
energy consumption. This has created an urgent need to evaluate the
status of key control factors upon environmental quality. Water law is
one of the factors which, through the implementations of its principles
and resulting operations, has a direct effect upon the fish and other
life dependent upon the water resources. These effects need to be
identified and considered.

More specific reasons for determining the effects of water and
related laws are the man-made modifications of natural water areas
including highway construction in or along streams, dredging, filling,
drainage, and dam -building which are often destructive of important
environmental values and which can often proceed without adequate
legal controls. Some states, however, have made excellent progress
in recent yeafs in providing legal protection for environmental values
of one kind or another, and it was felt that an-analysis of such efforts
in all pafts of the country should reveal legal and administrative
arrangements worthy of wider adoption.

This study is a review of state water laws and state and federal

water-related laws affecting environmental quality with particular



reference to fish and other aquatic life and habitat. The focal point
centers upon the traditional quantity oriented state water laws that
evolved in an era when development of resources was synonomous with
production. Although continually changing, many of these state laws
remain development oriented where tangible benefits can be derived.
Consequently, direct and indirect injury is inflicted upon the aquatic
environment associated with the intangible benefits of recreation,
aesthetics and preservation of nature.

Several efforts have been made to circumvent the adverse effects
resulting from the operation of state water laws, and also certain
activities of the federal government. These efforts have culminated
into conservation legislation. Those enactments having an impact,
detrimental or favorable, are included in the analysis undertaken by
this project.

This report does not restrict itself to any particular geographi-
cal area in the United States. Rather, due to the jurisdictional char-
acteristics of the law, and in particular since each state has developed
a system of water law unique to its needs, the study covers the entire
50 states with various intensities depending upon the availability of
information and importance of legal provisions. The water related
conservation laws discussed in this report were selected according to
their relationships to the project objectives.

The enactment of a law, even a very good law, does not assure

that it will be enforced and be effective in accomplishing its purpose.
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To gain an understanding as to the manner in which available legal
controls have been implemented, several states were visited to confer
with their officials. Field sites were inspected in these states so as..
to better understand the physical setting within which the laws are
operating.

While the state laws are given primary attention, relevant
federal legislation is, of course, included. In many cases it is the
passage of federal legislation which stimulates similar state laws.
This was particularly evident.in the cases of wild and scenic river
legislation, and environmental protection acts.

Part of the background for demonstrating the need for protective
legislation is a brief section on the environmental parameters which
discussed first ecological considerations, and the degree to which
natural water resources have been modified by various man-made -
intrusions.

The subject matter given most intensive attention are those legal
efforts of states to assure that natural streams will not be completely
dried up through economic demands upon them, but will be permitted
some minimum flow; the efforts to minimize water level fluctuations.
in lakes and reservoirs and to provide for permanent ''conseryvation
pools'’; and the legal efforts to restrict the disturbance of natural .
streams, lakes,” and wetlands by highway construction and other such.

intrusions upon natural bodies of water.



Since the study involves the environmental and legal institutions
to preserve its quality it is appropriate that it be conducted by a team
representing both legal and environmental experiences and qualifica-
tions. Professor Radosevich is a water law specialist with an aca-
demic background in political science, agricultural economics, and
law. In addition to law practice, he has conducted extensive research
and consulting in the field of water resources law and national water
law systems both in the United States and several countries in Africa,
Asia, and South America. At Colorado State University he teaches
water law and environmental law.

Professor Swanson is a wildlife biologist and natural resources
conservationist with experience in teaching, research, and adminis-
tration in both university and government organizations. Courses
which he has taught which are relevant to the present study include
conservation of natural resources, land use policy, ecology, and wild-
life administration, law and policy.

Mr. Allardice is a doctoral student in economics. His subject
area of concentration includes the identification, research and analysis
of water and related laws, as well as water policy and the goals of
society., Mr. Koebel is a masters candidate in natural resources,
with a background in physical sciences, and engineering. His efforts
focused upon the identification and discussion of the environmental

parameters.
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It is hoped that this study will result in more rapid adoption by
the states of needed modifications in their water laws to maintain and
restore those recreational and esthetic values which our society is
increasingly recognizing and demanding. In this type of legislation,
as in legislation generally, there is often a serious time lag between
the recognition of a need and the enactment of legislation to meet the

need. Our intent is to contribute toward reducing that time lag.
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CHAPTER I
INTRODUCTION
Part A. Objectives

The objectives of the study are both broad and narrow in scope.
The broad objectives are to define the activities of man and his influ-
ences which have adversely affected the natural aquatic environment
of the United States, and thus to determine the importance of water
law as one of the influences. The narrow objectives are to examine
specific types of physical degradation caused by man, and the legal
measures which have been developed and employed to limit or prevent

unreasonable physical degradation. These objectives are as follows:
Objectives

1. To define the activities of man, and cultural and institutional influ-
ences which have adversely affected the natural aquatic environ-
ment in the Unites States, and thus to determine the importance of
water law as one of the influences.

2. To determine the effects of statutory and case law relating to water
(rivers, lakes, and reservoirs) and wetlands on environmental
quality with particular reference to recreational and esthetic
values and fishery and wildlife resources.

3. To analyze the law and legal devices applied by state and federal
governments to prevent the destruction or physical degradation of
water and wetlands environments.



4. To select representative areas in a few states for determining by
on site inspection and by consultation with officials of the agencies
involved how effective, in actual practice, the laws, regulations
and organizational arrangements have been.

To integrate the results of the biological and legal research so as

9]

to identify selected features for model legislation that will promote
the preservation and enhancement of our aquatic environment.

Part B. Conceptual Framework

To achieve the objectives enumerated in Part A, a conceptual
framework was developed that identifies the key non-structural institu-
tional elements. Figure 1 illustrates this conceptual framwork. It is
a representation of four major dimensions intimately related and
responsible for the conditions and trends in our environment.

The outer parameter consists of the physical and social system
within which the elements of control predeveloped. It takes into
account the natural conditions and laws of the non-human resources--
for example, geo-climatic variations, migration of fish and wildlife,
and the hydrologic characteristics of water resources. The social
dimension includes not only the formation of societies, the interactions
between members, population growth and dispersement, but also the
products of social interaction: the political and economic system and
the artificial political boundaries that develop in conjunction with the
jurisdiction of the institutional dimension.

As a result of increased interaction between the physical and

social systems, a point is reached where usages and impacts exceed
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the assimilative capacity of both systems to exist in mutal harmony
without conflict. These adversities give rise to a need for control
which emerges in rudimentary principles initially and gradually be-
comes more sophisticated and institutionalized with time. The pro-
cess is that of sacrificing or internalizing some rights to insure that
others will be protected.

The complexity of the institutional dimension depends upon the
nature of control requirements, persistence of pressure upon the
environment, and the absorption capacities and trade-offs with the
eco-system. In general, however, four non-structural elements can
be defined for their roles and relevance in attempts to manage and
regulate man's interactions with his surroundings. Although several
instances can be cited where a neat classification into these four ele-
ments is impossible, it is concluded that avoidable environmental
assaults frequently exist where there is a clear absence or weakness
of one of the elements.

The first element consists of stated or implied goals. These
goals are targets of the particular social system that express man'.s
interests and desires concerning the interaction of the human and
natural resources. Goals are then usually translated into policies by
the executive and/or legislative organs of governments. Policies serve
as the guidelines for action, setting out the theoretical strategies and

tactics to be applied for any given program.



These policies in turn lead to the enactment of laws which con-
tain the substantive and procedural provisions essential to carrying
out the program. Substantive law creates, defines, and regulates
righ’cs=:< of individual and community (public) actions. It also provides
for creation of organizational entities to carry out the law, setting
forth their functions, duties and scope of authority. Procedural law
prescribes the method of pursuing and enforcing the private and public
rights. This element of law includes judicial interpretation through
litigation of specific issues concerning the applicability and scope of

statutory provisions.

The final element of sanctioned standards and criteria emerges
from the mandate of the law. Its function is implementation of the
policies and laws. It is particularly relevant in cases where legisla-
tive pronouncements require, and thus sanction, an entity of the
executive branch to develop and enforce standards and criteria for both
general jurisdictional applicability and specific problem area control.
These standards and criteria have or should have direct relationship
to and response for achievement of the goals.

The circuitous chain of elements allows for feedback and im-

provement in the control and management efforts. In the examination

“The term rights is used broadly here to mean both the expecta-
tion of a particular relationship between man and some thing or object
and the converse obligation in response to another's right. 'One
man's rights end where another's begins. "



of the institutional dimension, major emphasis is directed toward
identifying failures or constraints in the composite featlires. It is at
this point that the analysis will produce a beneficial result in terms of
efforts to improve the control process.

T}ie project objectives were designed to describe and ana.lyze
the relationship between water laws and water-related laws and envi-
ronmental quality, and in the process of analysis to identify institu-
tional deficiencies alluded to above. The flow chart of Figure 2
schematically illustrates the application of the conceptual framework
in the process of interaction and system improvement.

' The elements of the institutional dimensions from figure one
serve in the aggregate as the catalysts for actions between the physi-
cal and social systems. Relative to this project, the system is com-
posed of ecological parameters and social criteria for use. The
ecological parameters are discussed in Chapter III, Part A, and the
social criteria in Chapter I, Part A.

The resulting activity produced from the interactions of these
three dimensions may be either positive or negative in terrns pf envi-
ronmental quality. Where positive, no immediate concern need b}e
exhibited, except to note the process for successful gontrol. The
adverse or negative effects upon the environment are of primary sig-
nificance. Identification of the envirorimental assiaiilts resu.lting from

the activity is essential (as discussed in Chapter I1II, Part B) and,
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weighted against the social trends (discussed in Chapter II, Part B),
will provide a description of the barriers to implementation of envi-
ronmental quality enhancement efforts.

The next step toward resolving the adversities that occur is to
examine the total interaction and reaction of the physical and social
systems and the identified barriers to implementation. Based upon
this analysis, feasible solutions can be formulated which can be trans -
lated into new or revised policies and laws. The feedback loop to the
institutional setting thus allows for a dynamic analysis of the process

of control over man and his environment.

Part C. Procedures

The objectives and conceptual framework provided guidelines to
be followed. In conducting the research, it was necessary to collect
and analyze data on both water laws and physical-biological conditions.
Based upon the analysis and the interaction between man's control
mechanisms and the ecosystem, those policies and law provisions
which provided the most adequate management and protection of the
fish and wildlife and their aquatic environments, were selected for
inclusion in model legislation.

Three techniques were employed to obtain the needed data. The
principal technique used involved reviewing a substantial amount of
literature in the field of water law and physical-biological science.

The legal information was acquired through a review of statutory laws

8



and key bjud“i“c':ia'l delisions relating to water use and conservation of

natural resources.

The second technique employed to furnish the needed information
involved sending several questionnaire -letters to various state
agencies. An inquiry was sent to each state fish and game agency,
water management agency, highway department and legislative re-
search council. These letters sought agency views and information
rélating to the project objectives. A sample of letters sent to these
agencies is contained within the appendix of this report.

The third technique used to acquire both legal and physical-
biological data involved making on-site inspections to four states:
Florida; Montana; New York and Wisconsin. The trips provided use-
ful information pertaining to the project objectives. Also they enabled
the researchers to view first-hand the manner in which various laws
were administered at the state level, and to see examples of the
impact of various construction projects upon the natural environment.

The first major product from the research effort was the com-
piling and publishing of a bibliography based on the literature

examined. The bibliography was published in February of 1973, as

Water Law and its Relationship to Environmental Quality: A Bibliog-

raphy of Source Material, by George E. Radosevich, David R.

Allardice, Gustav A. Swanson, and Kenneth R. Koebel, Environmental
Resources Center, Colorado State University, Ft. Collins, Colorado,

Information Series No. 6.



The second major product from the research effort is this report
which contains the collected data, analysis, and selected features for

model legislation.
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CHAPTER II

CONSERVATION AND PROTECTION OF THE
WATER ENVIRONMENT

Part A. Institutional Setting

It is essential to provide the reader with a point of reference to
the institutional dimensions of this project ask they specifically relate
to water resources development, use and management and the impacts
upon the natural or induced environmental quality. An expansion of
each non-structural element of this crucial dimension attempts to
focus upon the identification and significance of the element with

particular refei‘ence to fish and wildlife and their habitat‘.

1. Coals in Water Resources Utilization

This section examines goals of our society in relation to the use
of the nation's water resources (see Figure 3). Subsequent sections
will discuss the means which have been employed in trying to achieve
these goals.,

A goal may be generally defined as an object of man's interest
or a tangible representation of an objective to be achieved. It may
thus emerge as a physical object, such as a dam or 2 navigable water-
way or it may be some other measurable intent such as a given level of

income target for an array of persons or those within a specified

11
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geographic area. Since man's interests change, it follows that the
goalsvof”‘so’eiety aleo chenge over time. As a society expériences a
change in its veiues and a rising level of expectations, it will estab-
lish ne§v goale vor mo‘dify old ones. The more knowledge man possesses
with respect to the limited nature of some resources the more signifi-
cant tlbl\e;"‘b’ecome in establisﬁing new goals.

.Thr'ougheut our history the people of the United States have been
defining goal,s th‘at they feel are desirable to achieve. These targets
have had a signifieant impact upon the laws, policies, and programs
of thenafioﬂ., In the Prearhble to the Constitution of the United States,
it is stated that our broad goalé should be directed toward:

...a more perfect union, establish justice, insure domestic

tranquility, provide for the common defense, .promote the

general welfare and secure the blessings of liberty to our-

selves and our posterity... ' i
It is within the fran;qevs»/ork'o‘f promoting the ”gehefal welfare' and the
welfare of posterity jchat‘n":lany of our goals with respect to water
resource .rnanageme'nt are aimed.

>One only;needs to look at the history of water resource manage-
ment in the United States to see what our goals have been with respect
to tlzle‘use of lw:et'er resources. It is possible to id'ent‘i‘fy two major
phases 1n the development of water resource goals: 1) the period prior
to Woi‘ld‘War II, and 2) the post-World War II period. =

The‘pre-World War II period for the most part was character-

ized by the establishment of specific goals directed toward the physical

13



and economic development of water resource projects until the early
1903's. But with the emergence of the Great Depression, the conser-
vation goal moved to the forefront. The literature of this period
abounds with references to the goals of the development of irrigation,
navigation, and power uses of water,

The post World War II period, placed less emphasis on achieving
specific or piecemeal goals and instead shows a trend towards multiple
goals for the management of water resources. During this period
there has been more of a trend toward viewing water as an integral
part of the overall resource problem and this in turn led to an increas-

ing emphasis on a national environmental quality goal.

The Pre-World War II Era

During the pre-World War II period much of man's view toward
nature was one of subjugation and development, with only secondary
consideration given to a conservation goal. It has often been stated
that the goal of our country with respect to natural resources in
general, and toward water resources in particular, was one of taking
"from the environment the riches with which it was endowed. i

During the 19th century the national goals were centered around
the economic development of water resources in the areas of trans-
portation, flood control, irrigation and water power.3 The Federal
government has shown a great deal of interest in promoting inland

water transportation from the very beginning of our country. In much

14



of our early legislation the statement is made that navigable waters
shall be considered 'public highways' and 'shall forever remain free
and open. I To achieve this development of navigation, grants of
public lands were made for river improvements and the government
purchased stock in canal companies.

In 1808 the Gallatin Report made the recommendation that a
complete nation-wide system of canals be established so as to provide
for the economic development of the West, ensure political unity, and
promote the national defense.6 As early as 1848, the Congress be-
came involved in flood control programs, although it was many years
later before an effective national flood-control program was estab-
1ished.7

With the passage of the Swamp Land Acts of 1849 and 1850, 8 the
federal government turned over the proceeds of the sales of public
swamp lands to the states of Arkansas, Louisiana, Mississippi and
Missouri to be used for flood control and drainage projects.

In 1879 the first Director of the U.S. Geological Survey, Major
J. W. Powell, published a report concerning the sparsely settled dry
lands in the West. 10 This was followed in 1890 by a statute that re-
served to the United States a right of way for ditches and canals that
would thereafter be constructed on all public lands west of the 100th
meridian if the ditches and canals were patented under any of the land

11
laws of the United States.

15



12
This act, in conjunction with the Mining Act of 1866,  the Act
13 14 ) )

of 1870, and the Desert Land Act of 1877, serve as legislative
evidence of the nation's goal for state control over waters arising
within state boundaries. As a result of the judicial interpretation of
the intent of these acts collectively, states, particularly in the arid
west, developed policies and laws for water distribution, administra-
tion and management.

Starting in 1879, Congress passed several statutes which either
authorized the Secretary of the War to lease water power to private

. . . . 15
companies or authorized the construction of private power dams.
While subject to modification, these statutes for the most part were
perpetual in their terms and without any major restrictions except for

. TS 12 o
the protection of navigation. In 1890, the Congress prohibited the
building of dams and other structures in navigable waters without the

. 17
permission of the Secretary of the Army.

One may sum up the developments in the 19th century by saying
that '"'man was viewed as part of nature only so long as nature was
more or less in its virgin state and man did not have the means to sig-

e . A 18
nificantly impair its balance." By the end of the 19th century, man's
exploitive approach toward nature had been well established.

The outgrowth of the exploitive conditions of the 19th century was
the development of the conservation movement in the early 20th cen-
tury. For the most part, the conservation movement began with parks

and forestry, but soon spread into other natural resource areas.

16



It did not, however, become dominant in the case of water resources
until the 1930's. The mood of the conservation era resulted in several
general principles:

(1) Conservation of natural resources '"for the greatest good of
the greatest number for the longest time. "

(2) '"Honest' government with no 'giveaways'' of the public
resources to special interests.

(3) Opposition to control of the economy by monopolies and their
exploitation of natural resources.

(4) A desire to encourage small individual ente rprise.

(5) A desire to insure the equality of opportunity and promoting
the well being of the population. 20

During the early 1900's three Federal commissions were estab-
lished to examine water resource problems; The first was the Inland
Waterways Commission in-1908 which reported on the condition of the
United States waterways, the status of commercial navigation and
other related water resource problenas.21

Among other recommendations, the Inland Waterways Commis-
sion concluded that: 'hereafter any plans for the use of inland water-
ways in connection with interstate commerce shall regard the streams
of the country as an asset of the people, shall take full account of the
conservation of all résources connected with running waters, and shall
look to the protection of these resources from monopoly and to their

22

administration in the interests of the people."
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The National Conservation Commission made its report in 1909.
It called for additional hydrological research to aid in the development
of multiple-purpose waterway improvements. 23 This commission set
forth several goals that were in many respects in direct conflict with
the conservation theme set forth by the Inland Waterways Commission.
They included:

(1) Waterway improvements to reduce floods and improve

navigation,

(2) Improved utilization of waters,

(3) Prevention of pollution,

(4) Irrigation development,

(5) Power development, and

(6) "When consistent with other uses of the water, fish should
be propagated and protected in streams and lakes, and necessary fish-
ways should be provided in connection with dams and other works; and
State and federal laws relating to fish and fisheries in inland and coast
waters should be unified. T

While item 6 alone did recognize fisheries as being important in
the development and planning of water resource projects, it also made
it clear that this was to be a secondary consideration; i.e. ''when con-
sistent with other uses.' The report went on to state that: ''the chief
values of our streams are for navigation and for development of

25
power..."
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The third commission, the National Waterways Commeission,
was created jointly by Congress in the Rivers and Harbors Act of
1909. 2 This commission was primarily concerned with seven major
issues. It examined the present status of river commerce, proposed
artificial waterways, urged legislation regulating public water trans-
portation, control of water terminals, flood prevention recommenda-
tions, examined the influence of forestation on water resources, and
proposed legislation to develop water power.

During the period from 1921 to 1933 the government began to
reject the antimonopoly and income redistribution goals of the previous
periods, contending that they were destructive of the American way of
life.z7 Further, it was felt that private enterprise could develop
water projects more effectively than could public operation. An ex-
ample of this is the action taken by President Harding in terminating
all work on the virtually complete Wilson Dam on the Tennessee River.

During ;che early years of the Great Depression, starting in 1929,
President Hoover's administration showed some tendency to favor
public works projects to help stimulate the economy. On many occa-
sions, however, he indicated his unwillingness to support public pro-
jects, finding them too expensive in keeping with the concept of a
balanced budge'l:.28 In President Roosevelt's ""New Deal' administra-
tion, however, the basic goal of water resource projects became one

of providing a stimulus to the construction industries and of providing
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jobs for the unemployed, 29 one which was increasingly directed to a
secondary objective of soil and water conservation.

The National Resources Board was established during the darkest
years of the depression. 30 In keeping with the goals of the New
Dealers, the Board operated under the premise that individual water

resource projects were to be coordinated with plans for comprehensive

31
development of entire river basins.

The Board in examining the problems related to water resources
stated:

The use and control of water resources presents a be-
wildering array of problems, some technological, some
economic, some social, in which, without a guiding
principle, it is easy to lose one's way. The vastness of
our country, the wide range of climate and topography,
the abrupt seasonal changes affecting most of our water-
sheds, all tend to make the formulation of a national water
policy difficult. At the same time they also make it essen-
tial, Nothing short of a national policy can deal effectively,
justly, and democratically with the situation.

The Board set forth the following goals as being necessary with
respect to the use and development of the nations water resources:
(1) To develop more productive uses of water resources--
power, water supply, navigation, power, irrigation,

recreation.

(2) To eliminate, modify, or neutralize harmful influences of
waters, such as floods and erosion.

(3) To eliminate, modify, or neutralize harmful handling of
waters, --pollution, waste through run-off and drainage.

(4) To accomplish the above purposes effectively from the point
of view of technology, geographical conditions, existing
public agencies and the intelligent understanding of good-
willed citizens.33
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As reflected in these goals, the New Deal movement took from the
Conservation Movement many of its policies related to conservation,
distrust of monopolies, the desire to promote public health and welfare
and the regulation of private enterprise in the public interest.

President Roosevelt established the National Resources Planning

. 35 . .
Board in 1939. This Board was directed to develop a program of
public works 'in the order of their relative importance with respect to
(1) the greatest good to the greatest number of people, (2) the emer-
gency necessities of the Nation, and (3) the social, economic and .
. 36
cultural advancement of the people of the United States.' The Board
lasted only four years. In 1943, the Congress abolished it and
directed that its duties not be transferred to any other agency as it
’ ' ) i 37
responded totally to a new and dominant ""win the war' goal.

With the abolition of the National Resources Planning Board, the
Executive Branch lost much of its ability to prepare or evaluate water

. . . 38
resource plans that were proposed by the construction agencies.
More and more, the development of water resource projects became
the responsibility of Congressional committees, which were responsi-
ble for the enabling legislation and appropriations.

During the pre World War Il era of water resource use and man-
agement, appreciation of esthetic beauty, wildlife, and recreation
related to water resources was, to a large extent, the concern of the
typper class' sportsman or nature enthusiast. In many cases, they

were opposed to water projects that would be of obvious benefit to
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great numbers of people. 39 The post-World War II period saw a
return to full employment, shorter working hours, paid vacations and
an increased mobility of the population, all of which led to an increased
interest in outdoor recreation, thus, with the end of World War II in-
creasing concern was again shown for the Nation's fish and wildlife
resources, per the 1946 amendments to the Reclamation Project

Act of 1939.40 The amendment stated the '"the preservation and
propagation of fish and wildlife' were to be considered as a purpose

to which a part of the project costs might be allocated.41 The stage

was now set for ushering in the Era of Post War Affluency.

The Post World War II Era

The post World War II Era began with the aftermath of global
conflict which provided an interruption of long-term goals and objec-
tives. It provided for a release of stored up demand, a sense of new
directions and the need for new policy guidance. Whereas the Ameri-
can people had responded to the aftermath of World War [ with

entrepreneurship, they now met the post-World War II era with a

penchant for management. The difference is significant in a restate-

ment of American values and the resulting impact on national policy,
as set forth below:

American values had not changed, but they had under-
gone noticeable reinterpretation as a result of the nationally
traumatic experiences of the Depression and World War II.
Liberty was still held as the number one value - to most
Americans that was what the War was all about - but
liberty was read more in political terms than in economic
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or sociological terms. For the two latter facets of Ameri-
can life, the emphasis shifted from a reliance on individual
initiative to the manifestations of the value we have termed
improvement. And this value itself was to begin a process
of reinterpretation, evolving from its traditional conception
in terms of material well being into an enlarged concept
which included qualitative aspects of life as well. The
process of translating this value conception into a new
objective, environmental quality, and its implementation
by means of a national policy structured in managerial
terms is the subject...

Immediately after the end of World War II, the dominant view of
Congress was that the nation's organizational expertese developed
during the New Deal era, and honed to a fine cutting edge during the
war years, should now be reorganized to meet the new challenges of
the post-war era. This view was translated into action in July 1947
when Congress authorized yet another commission, to be chaired by
ex-President Hoover, to study and make recommendations on the
reorganization of the Executive Branch. The Commission established
a number of Task Forces and in January 8, 1949, began submitting its
series of nineteen major reports.

The Commission's Task Force on Natural Resources in particu-
lar advocated a number of changes in how the nation's resources were
to be managed, with particular reference to water. In suggesting
these changes, the Task Force set forth a set of objectives including
government economy, efficiency, national development and conserva-
tion, while noting that the overall objective was to be ''sound manage-

ment in the national interest.'
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The major recommendations of the Task Force on Natural
Resources included:

1. The establishment of a Water Development Service to include
(1) the functions of the Bureau of Reclamation, (2) the river
development functions of the Corps of Engineers, (3) most
of the Federal Power Commission (however, the Tennessee
Valley Authority was specifically exeluded;)

2. Regional decentralization by river basin of as many devel-
opment functions as possible; v

3. The creation of a Board of Coordination and Review in the
Executive Office of the President 'for making certain that
only projects which are economically and socially justifiable
are recommended for approval'';

4. The creation of a Department of Natural Resources to sup-
plant the Department of the Interior;

5. Increased emphasis upon recreation values through their
effective incorporation in all appropriate river-basin and
land-use projects..., and

6. The rectification of conflicting legislation in land use and
water development and of varying methods of estimating
feasibility in river basin projects.

The Hoover Commission agreed with this Task Force on items
1, 3, and 6, rejected item 4 in favor of a reorganization of the Depart-
ment of the Interior, and ignored items 2 and 5 since they had already
been incorporated in broader s‘caternentsa‘]t4 Congress took due note of
the overall recommendations of the Commission, and noted that a
comprehensive water policy had not yet been formulated and agreed
that a new Presidential Commission for Water Resources Policy was
needed to carry out this function.

The President's Water Resources Policy Commission was estab-
lished in 1950 to examine the status of our water resources and to
make recommendations for changes in water related legislation.

This Commission is significant in that it presented a comprehensive
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statement concerning our national water goals and objectives for
development, use and management of this resource. In the words of
the Commission:

Because past expressions of congressional policy have
been directed at meeting specific problems, there has not
been a statement of national objectives in the whole field of
water resources.40

The Commission was of the opinion in 1950 that:

We as a people are embarked on a great adventure
in the conservation of resources. Our objectives will
determine not only what water resources are bequeathed
to future generations, and in what condition; they must
further point to the kind of economic and social environ-
ment we want to hand down. 47

The Commission then proceeded to set forth what they felt
should be our goals with respect to the use of our nation's water re-
sources, as follows:

(1) The safeguarding of our heritage of useful resources
against deterioration from careless use of neglect,
preventing the ultimate decline of our productivity at
the very time when we require an expanding base.

(2) The improvement of this heritage and its higher utiliza-
tion in order to provide, through increasing production
of land and water resources, a broader base for a
steadily expanding national economy, with its contribu-
tion to national security. This objective covers man-
agement of our water resources to transform them
from ineffective or destructive into beneficial agents,
watering arid land, supplying municpal and industrial
needs, improving channels for water transportation,
and generating hydroelectric power.

(3) Opportunity for farms, urban homes, commercial
establishments, and industries to make full use of
electric power, through a marketing policy for Federal
power aimed at encouraging maximum use at the lowest
possible rates.
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(4) Coordination of water and land resources undertakings
with specific plans to meet needs of national security.

(5) The development of balanced regicnal economies, with
particular emphasis on those which are characterized
by low economic opportunity, offering maximum oppor-
tunity for farming coupled with nonagricultural rural
employment.

(6) Provision of expanding cultural opportunities, includ-
ing all phases of recreational development from wild-
erness areas to wisely designed, artificial multiple-
purpose reservoirs.

(7) The protection of the public health, particularly
through pollution abatement and control, mosquito
control, and all necessary provisions for an abundance
of high-grade municipal water su.pply.48 ‘

In its recommendations, the Commission indicated that basic

planning should be as broad as possible. They further recommended

that:

Full and equitable consideration may be given to flood
control, irrigation, navigation, power, municipal and
industrial water supply, control of pollution, fish and
wildlife, recreation, and the development, use and con-
servation of related land, forest, and mineral resources.

In 1955 the Presidential Advisory Committee on Water Resources

policy made a further recommendation as to what a national policy

should be with respect to water resources. They stated that:

The basic elements of a sound policy are clear. That
policy must (1) look toward an adequate water supply for
our people, (2) prevent waste of water, (3) provide for a
greater reuse of water, (4) reduce water pollution to the
lowest practicable level, (5) provide means for the useful
and equitable distribution of available water supply and (6)
take steps to check the destructive forces of water which
threa%téan to injure or destroy land, property, and human
life.
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Many of the water resource goals outlined above were not trans-
formed into national policy until the Congress passed the Water Re-
sources Planning Act of 1964. 51 This Act finally made it clear that
the Congress recognized the need for '...conservation, development
and utilization of water and related land resources of the United States

on a comprehensive and coordinated basis by the Federal Government,

52

States, localities, and private enterprise...'

When President Nixon signed the National Environmental Policy
Act in 196953 he stated that "improving the quality of the environment
is a major goal for the nation.' This is the theme that has been car-
ried out in the early 1970's. In the development of water resource
goals during this period there seemed to be an 'increased concern with
social well-being. T But the recent focus on the energy crisis now
suggests that a national goal of self sufficiency is becoming dominant.

The National Goals Research Staff, in a 1970 document entitled:

Toward Balanced Growth: Quantity with Quality, made the statement

that it is becoming necessary for the '""American people to decide just
what sort of a country they want this to be, n5> and that the solution
will lie somewhere between the conflicting goals of preserving and |
developing the natural environment.

In a recent study for the National Water Commission, various
major goals were specified as they relate to current water projects

and programs. These overall goals were stated as follows:
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(2)

(10)

The development of a more efficient national transportation
system through the improvement of water transportation
facilities.

The settlement and development of the arid West, and the
expansion of the nation's agricultural plant by furthering
the growth of irrigation in the arid region.

‘The expansion of the agricultural plant by the reclamation
of wetlands.

The protection of the lives and property of the people from
floods and other natural phenomena.

The development of the power potentials of the nation's
rivers in order to further economic development.

The provision of adequate water supplies for municipal and
industrial use by the construction of reservoirs in which to
store flood waters for subsequent use.

The development of the recreation potentials created by
water resource developments.

The preservation and enhancement of the fish and wildlife
resources as one of the purposes of water resource devel-
opment.

The protection and improvement of the quality of the nation's
waters by adequate treatment of wastes by increasing the
dry-season flows of streams and by other means: for the
several purposes of protecting the health of the public, pro-
tecting and enhancing the fish and wildlife resource, and
achieving aesthetic gains.

The development of the water resource as a means of induc-
ing economic development in those regions in which incomes
and living levels are low relative to those of the more highly
developed portions of the nation.

Contributing to the solution of the problems of the metropoli-
tan regions, to the extent that water resource development
can be utilized to achieve this end.

Providing for more effective participation in water resource

planning and development by the states, lower levels of gov-
ernment, private enterprise and the general public.
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The National Water Commission concluded that the United States
is in a period of dynamic change, and that the time has come for
serious consideration of environmental quality as a national goal. The
Commission recommended that serious consideration must be given to
the followihgi

1. Protectmg and improving the environment and finding a
middle ground between returning to a ''state of Nature'' on.
the one hand, and on the other, per’mlttmg society to be
engulfed by its own wastes. -

2. Population growth and distribution, taking into account the
need for ”encouragmg growth in alternate population centers
away from the large urban masses, ' complemented by the
creation of "'new towns"

3. 'Av_-s‘s‘éss'ihg the consequences of emerging technologies with a
view to determine in advance what, if any, adverse impacts
might result from their introduction.

4, Finding a way to improve the !'quality of life, '* while at the
same time adequately meeting the material needs of all the
people. 57

The National Water Commission concluded in its Final Report
that there must be 'major changes in present water policies and pro-
grams. ' The Commission further specified that "no longer is it a
national goal to stimulate settlement of the West. That goal has been

. 59 N
accomplished..." Among the many other changes in national goals
noted by the Commission, perhaps the most important of all is the
desire to clean up our rivers and lakes and to preserve as much as
possible of the rivers that have not yet been developed. ''As recently
as a decade ago this did not seem a high priority national goal. But in

the past 10 years repeated acts of the Congress, and of State and local
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legislative bodies, have attested to the emergence of this vital new
national policy objective. '

This section should not leave the impression that the majority of
our national goals are directed towards water resource development
for they are only one part of a broader picture., On the contrary,
"public enterprise, more important in the water development field,
should, and to some extent does, recognize that the goal is the best
use of all resources rather than development of water resources at the
sacrifice of all other interests. o1

The national concern for all resources is evidenced most
dramatically by a crisis reaction to any major shortage situation. The
current energy crisis is but one case in point. Out of this broader
concern for an adequate total resource there is emerging a new
national goal of energy self sufficiency. What its long run impact on
water resources management may be remains to be seen. In the short
run, however, the concern over the energy crisis has already com-
promised an earlier goal for a quality environment to a considerable

degree.

2. Water Resource Policies

Water resource policies evolve from the stated or implied goals
and values of society (see Figure 4). These policies establish guide-
lines or parameters that are intended to lead to the achievement of the

stated or implied goals. It is not the intent of this section to examine
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the entire spectrum of water resource policies in detail. Rather,
attention will be given to general water resource policies intended to
protect or preserve the fish, wildlife, recreation and esthetic re-
sources.

Many of our early National water policies were intended to pro-
mote the development of water resources toward clearly identifiable
economic ends. This limited objective of economic development was
achieved, in many cases, at the expense of the fish and wildlife re-
sources. Policies during the early 1500's stressed federal assistance
to achieve private development of the water resources. Private devel-
opment failed to give proper consideration to the social values associ-
ated with fish and wildlife resources.

In the 1930's, one of the Nation's goals was to promote the con-
servation of natural resources in general. As such, policies were
intended to foster the ''wise use'' and ''sustained yield'' of our natural
resources. Federal policy, in general, was to provide central
planning and direction to achieve the conservation goal.

Not until late in the 1960's did the United States formally estab-
lish a goal of environmental quality. To achieve this goal, federal
policy stressed subsidies to state governments, and regula‘tion and
enforcement to promote and maintain the quality of the environrnen’c.62

The policy of the federal government concerning the goal of
environmental quality is stated in the National Environmental Policy
Act,63 The policy being that:
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...it is the continuing policy of the Federal Government,

in cooperation with State and local governments, and

other concerned public and private organizations, to use

all practicable means and measures, including financial

and technical assistance, in a manner calculated to foster

and promote the general welfare, to create and maintain

conditions under which man and nature can exist in produc-

tive harmony, and fulfill the social, economic and other

requirements of present and future generations of

Americans.

For the most part, federal water policies directed at preserving
and protecting the natural water environments provide payments or
subsidies to state and local governments, or impose federal regulation,
enforcement and administration of the water environment. Specific to
this project, the payments program makes available to state and local
governments funds needed to develop and administer water resources
and protect the fish and wildlife habitat. The policies of administra-
tibn; regulation, and enforcement are intended either to manage the
use of water and related resources or to place the resource entirely
under federal control so as to prornbte the géneral welfare of society.

: . ' ; 65

The Land and Water Conservation Fund Act of 1965, as
amended, is an example of a federal payments policy intended to pro-
tect and preserve water resources. Specifically, the Act provides
funds for and authorizes federal assistance to the States in planning,
acquisition and development of needed land and water areas and
facilities for recreational purposes. The federal government provides

up to 50 percent of the cost of the planning acquisition and development.

The states make up the remaining share of the cost.
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Federal regulation and enforcement policies directed toward
water and related resources cover a broad spectrum. Such policies
include regulation of: highway construction, channeliza’cion, dam con-
struction and dredging and filling in waterways, as well:as wetlanci
areas. Specific laws regulating these activities are discussed in‘the
body of the report. Federal administration of the water énvironment
to p?omote environmental quality is illustrated by the establishment of
wild and scenic rivers. Laws relating to the establishment of these
federal wild and scenic rivers is also discusséd in the body of this
report.

The National Water Commission's final report, Water Policies

for the Future, proposes numerous recommendations concerning

needed changes in specific water policies. The primary objective of
the Commission's report is: '"To determine what policies the Nation
should adopt at this point in its history so that its finite water re-

1166

sources yield the highest measure of utility to society... The
report contains recommendations for water policies in the general
areas of water protection, development and use.

With respect to fish and wildlife resources, the Commission has
recommended that these resourées be given equal consideration and be
coordinated with other development and use values. The report
recommends that for those areas outside the jurisdiction of federal

control, State action be taken to protect the fish and wildlife values.()7
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Although the Commission has tried to identify and propose solu-
tions for better water policies, problems will and do continue to exist.
These problems have been grouped into three problem areas.68 The
first problem area is concerned with trying to achieve a ''rational
public understanding of problems and opportunities surrounding water
resources. For the most part, public views concerning water re-
sources have been influenced by political and social goals of the time.
Only in recent years has the public become aware that our water
resources and associated fish, wildlife, recreation and esthetic re-
sources are not unlimited. The recégnitioﬁ of this scarcity, in terms
of quality and quantity, has come to have a profound impact on our
water policies.

The second problem in the field of water ‘resourcé policy con-
cerns the achievement of a ''reasonable' degree of social benefit
through the public &ecision making process. Too often policies reflect
or weigh the social costs and benefits resulting from Vsuclll administra-
tion.

The third policy problem deals with changing policies4 to reflect
the changing social and physical environments or conditions under
which water resource projects are developed. As water resources
become pressured by new and competing uses, policies must reflect
these pressures, as well as the goals of society at that point in time.
As such, the political and legislative process must be responsive to

these changing conditions.
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In part, this report will examine those specific policies that
have been adopted by various federal and state governments to pre-
serve, protect and enhance the water environment and related fish and
wildlife values. Attention is also given to state policies intended to
augment or provide protection for these values, where federal policies

are insufficient or lacking.

3. Evolution and Theory of Basic Water Liaw

The ideal situation is for substantive and procedural laws con-
cerning a particular field or subject of control and regulation, to
develop from the stated policies and evolve into a mature system law
through additional legislative enactments and judicial interpretationé
(see Figure 5). In the field of water law, unfortunately, states created
and adopted legislation in their early statehood that frequently lacked
basis in soundly formulated water policies. Many constraints to effec-
tive water management and the resulting adverse effects can still be
traced to these early enactments. Water law has become a highly
dynamic and specialized field as a result of greater public awareness
and interest in the environment and shifts within the classes of water
users. However, resistance to change still persists among those
users who have developed their economy upon the early principles of

the law.
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The water law concepts adopted ip our early history were
69 .
patterned after the laws of England. In an early English case the
courts stated:

Flowing water is publici juris, (the property of the
state, held by it in trust for the people) not in the sense
that it is a bonum vacans to which the first occupant may
acquire an exclusive right, but that it is publici and
common in this sense only; that all may reasonably use
it who have a right of access to it, that none can have
any property in the water itself except in the particular
portion which he may choose to abstract from the stream
and take into his possession onlyo70

Although the situation has changed considerably in England with re-
spect to the abundance of water, the 1851 decision propounds a con-
cept of water resource use suitable in humid areas. Emerging from
this common ownership concept is the doctrine of riparian use.

. . e , .11 . . .

The main characteristic of the riparian = doctrine is that it

gives the owners of land adjacent to a body of water equal rights to the
72 ) . .
use of the water. It is frequently stated that the riparian owner is
entitled to the use of the natural flow of the stream past his land,
. . . .. 13 . .
undiminished in both quality and quantity. This right is referred to
as the English rule of "natural flow."

Under the natural flow theory, the primary or fundamental right
of each riparian proprietor on a water course or lake is to hawve the
body of water maintained in its natural state, not sensibly diminished
. . . . . ) 74 . .
in quantity or impaired in quality. Each proprietor, however, is
recognized as having a privilege to make natural or extraordinary
uses as long as such uses do not sensibly or materially affect the
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natural quantity or quality of the water, and are made on or in con-
nection with the use of the riparian land.75 As Trelease points out,
the major use of water in early times was to power water wheels,,76
Thus, due to the non-consumptive nature of the use, downstream
areas could expect the water to arrive at their land in its natural con-
dition. Obvious constraints to efficient use of water resources lie in
this fundamental doctrine. The states in the eastern United States
adopted this common law concept concerning the rights to the use of
water with some modification to conform to the different physical
characteristics of each state. At the present time there are approx-
imately twenty-two (22) states that apply the riparian doctrine (see
Figure 6).

In more recent times this narrow interpretation has been modi-
fied to the point where the riparian may make a ''reasonable use' of
the water consistent with the uses of other riparians. Under this so-
called American rule of ''reasonable use, ' the primary or fundamental
right of each riparian proprietor on a water course or lake is to make
a reasonable use of the waters on his own land and be protected from
unreasonable uses of the water by other riparians. In some states the
riparian privileges of use include reasonable non-riparian uses and
may, to that extent, be transferred from the land to non-riparians or
acquired on non-riparian lands. m

Each use is required to be beneficial, suitable to the water-

course and of economic and social value. If these requirements are
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met, reasonableness may require each riparian to put up with minor
inconveniences and to adjust to the quantity of water used or the
method of its use so that both uses can coexist. If uses cannot be
reconciled in this fashion, because the interference is caused by the
defendant taking the substance of the water from the plaintiff and using
it himself, resolution of the conflict involves consideration of these
reciprocal factors: (1) are the first user's investment and other
values entitled to protection and (2) should the new user conpensate
the former user for thé loss of that which the latter has gained. In
most of the cases in which the plaintiff has suffered substantial harm
to his water supply in that a supposedly reasonable use has been
taken, the decision has been that the new use is unreasonable.78
It should be noted that not much remains of the riparian doctrine
as it was first seen in England. The '""Mill Acts, "' some of which date
to colonial times, changed the common law and regulated the owner of
riparian rights by injecting something resembling priority into the
law. The builder of a mill dam was given a superior right to ensure
an adequate flow to his mill over those who might later erect dams
above him, and the same builder was given a right to be free from
interference from a dam builder below him in that the lower builder's
pond could not back up and interfere with the senior builder's use. 9
In addition, cities do not fit within the riparian doctrine. In
some statutes were enacted to authorize cities to withdraw and de-

sired amount of water from a river, usually requiring satisfaction of
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the claims of those who suffered damage from such takinguso More
often, it appears, such power was implied from the city charter or
from general legislation applying to all cities.

The riparian doctrine is further distinguished by the fact that a
riparian retains his right to the water regardless of whether or not
use is made of the water or any diversion is made; thus the riparian
owner can commence his use at any time and require that his right be
fu.lfilledc,82

Today, many states have enacted statutes which affect riparian
law. Some have adopted features of the prior appropriation doctrine,
most often by requiring a permit before making use of vvater.s3 At
this time, there are at least eight states that have had some type of
statutory modification to the 'pure'' riparian system. In addition,
nine states bordering the arid wesrt have adopted both water law doc-
trines for water distribution (see Figure 6).

It is obvious the riparian system will work only in regions where
there is adequate water to supply the needs of the users, within the
bounds of reasonable use. Even now, however, the changes in the
doctrine indicate that growth and development has exceeded the natural
supply of water and greater control and efficiency is required.

In much of the arid and semi-arid Western United States, water
was not adequate to meet the needs of the users. Therefore, the
riparian doctrine could not be applied to the same extent that it had

been in the East. Further, the economic activities were different and
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placed different demands upon the water supplies. Mining in the East
was an extraction process that frequently was burdened with too much
water. Mining in the West was first discovering, then processing,

In diverting water from nearby streams to their diggings, gold
miners in California applied their rules of mining claims to the use of
water. It became customary for the first diverter of water to have a
prior right to the use of water, during times of scarcity, over later
diverters. A system of priorities was soon established. This prac-
tice was quickly accepted by the agricultural settlers. As agricul-
tural, municipal and industrial requirements grew, there arose a

o eqs . . 84
need for some civilized way to resolve emerging conflicts. The
water law doctrine that evolved to resolve these conflicts is known as
prior appropriation.

The prior appropriation doctrine is basically the same as that
developed through custom in California. That is, a water diversion

. N e s 86 C s .
"first in time is first in right, '" thereby establishing a list of
e 87 . . .
priorities. In order to validly appropriate water, it must be
) 88 . 89 . .
diverted from the stream  and put to beneficial use. Since its
creation, a few other principles have been added to the doctrine.
N . . . 90
Land ownership is not required to appropriate water, and water may
. .91 .
be transferred out of the watershed of origin. Also, an appropria-
o - . 92 c1.93 .
tion is for a specific quantity of water”™ and a property right” is
recognized in the appropriation which is salable like any other com-
4
modity,g
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The prior appropriation doctrine has come to be the dominant

water law theory applied in the eighteen states west of the 98th

L qs . 95 . .
meridian. Nine of these states’ have adopted the prior appropria-
tion doctrine to the exclusion of the riparian doctrine of the east,
which is discussed in the following section. The other nine states
have adopted a combination of the prior appropriation doctrine and the
riparian doctrine, "although the measure of practical importance of
the riparian doctrine varies from 'underlying and fundamental' in some
s s s . .. . 96 .
jurisdictions to quite limited in others." (See Figure 6)

The constitution or the water codes in the western states

specify which waters are available for appropriation. They range
i 97

from all waters within the boundary of the state, to all surface

. . 98
waters, or to just those waters in natural streams. The states have
declared that waters are either property of the public held in trust by
the s’ca’ce99 or the property of the state. These waters are subject to
appropriation as provided in the statutes.

The doctrine has witnessed numerous court interpretations in its
application to specific circumstances. In resolving water conflicts,
courts have had to determine what constitutes a watercourse, waste,
return salvaged, developed, foreign and spring waters, abandonment,
beneficial use and a number of other major issues. It is this process
of judicial interpretation and the flexibility of the doctrine itself that

has allowed for progressive water development.
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The law is flexible in a number of ways. Even though a property
right in the holder exists, the waters are not rigidly locked to that
use; water rights are salable and transferable to other uses. For
those uses given statutory preference, condemnation can be exercised
by the preferred use over the non-preferred use. In addition, aban-
donment and forfeiture can reclaim unused water.

A statement as to what is essential for an appropriation to exist

is presented by the case of Union Mill and Mining Company v.

100 -
Dangberg. It provides the framework of the prior appropriation or
"Colorado Doctrine!' as it is sometimes referred to. The court held
that:

Under the principles of prior appropriation, the law is
well settled that the right to water flowing in the public
streams may be acquired by an actual appropriation of
the water for a beneficial use; that, if it is used for
irrigation, the appropriator is only entitled to the
amount of water that is necessary to irrigate his land,
by making a reasonable use of the water; that the object
had in view at the time of the appropriation and diversion
of the water is to be considered in connection with the
extent and right of appropriation; that if the capacity of
the flume, ditch or other aqueduct, by means of which
the water is conducted, is of greater capacity than is
“necessary to irrigate the lands of the appropriator, he
will be restricted to the quantity of water needed for the
purposes of irrigation, for watering his stock, and for
domestic use; that the same rule applies to an appropria-
tion made for any other beneficial use or purpose; that no
person can, by virtue of his appropriation, acquire a
right to any more water than is necessary for the purpose
of his appropriation; that, if the water is used for the
purpose of irrigating lands owned by the appropriator,
the right is not confined to the amount of water used at
the time the appropriation is made; the appropriator is
entitled, not only to his needs and necessities at that time,
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but to such other and further amount of water, within the
capacity of his ditch, as would be required for the future
improvement and extended cultivation of his lands, if the
right is otherwise kept up; that the intention of the appro-
priator, his object and purpose in making the appropria-
tion, his acts and conduct in regard thereto, the quantity
and character of land owned by him, his necessities,
ability, and surroundings, must be considered by the
courts . . . that the mere act of commencing the con-
struction of a ditch with the avowed intention of appro-
priating a given quantity of water from a stream gives no
right to the water; this purpose and intention are carried
out by the reasonable, diligent, and effectual prosecution
of the work to the final completion of the ditch, and diver-
sion of the water to some beneficial use; . . . that the
diversion of the water ripens into a valid appropriation
only where it is utilized by the appropriator for a bene-
ficial use . . . that, in controversies between prior and
subsequent appropriators of water, the question generally
is whether the use and enjoyment of the water for the pur-
pose to which the water is applied by the prior appropri-
ator have been in any manner impaired by the acts of the
subsequent appropriator.,

This rather lengthy, but concise view, plus the information pre-
sented previously give rise to four general principles of the appro-
priation doctrine. First, making a beneficial use of the water is the
basis and measure of the right to its use. Secondly, the appropriation
is based on a definite quantity of water, and does not vary according
to stream conditions. Also, in most of the states the right depends
upon a physical diversion of the water from the stream. 1ol Third,
priority of right will determine the allocation of waters in times of
shortage. Fourth, an appropriation of water is a property righto

Based on these principles, it becomes readily apparent that the
doctrine was established to promote and encourage the development of

the water resources of the West, This development of the water
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resource was intended to promote the economic growth and general
welfare of the people in an area where water is relatively scarce.
This procedure made good sense as long as our goals were directed
towards economic development and efficiency in the use of water re-
sources. However, as noted previously in the discussion of goals,
we are now in an era of multiple goals, development being only one
aspect,

One area of the appropriation doctrine illustrates excellently
the states desires to use the waters for economic purposes. This is
in the area of preferences to the use of water. A true preference is
one in which a junior appropriator may take water from a senior
appropriator without having to pay compensation, based on the fact
that the junior's use is preferred to that of the senior. Only one of
the western states has adopted this true preference system. 02 Three
types of preferences have been adopted by the western states: (1)
where the preferred user may condemn and compensate a non-
preferred user; (2) where the state may withdraw water from appro-
priation and hold it for the future use of a preferred user; (3) using
the preference system as a decision tool to allocate water between
simultaneous applications. 103

The underlying theme that runs throughout the preference
statutes of the various states is that ''some users are more important

104

than others and should receive some type of favored treatment. "

A quick review of the preference statutes indicates that the
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non-economic uses (i.e., fish and wildlife habitat: recreation and
esthetic users), for the most part, have not been recognized nor have
they received any of this favored treatment. Various states in the
past, as well as the present, continue to place primary emphasis on
the economic and life sustaining uses of water.

There is no general rule that may be stated as to how the states
structure their preferences. Some examples will help to illustrate

. . 105
this point.

In Colorado, for example, the constitution declares that
"Priority of appropriation shall give the better right as between those
using the water for the same purposes; but when the waters of any
natural stream are not sufficient for the service of all those desiring
the use of the same, those using the water for domestic purposes
shall have the preference over those claiming for any other purpose,
and those using water for agricultural purposes shall have preference

. . 106
over those using the same for manufacturing purposes."

A distinction is often made between domestic and municipal uses
of water, but they usually rank first in the preference scheme. Agri-
cultural uses, as noted in the Colorado Constitution, is recognized in

107 . )
the preference system of most of the states. Additional economic
preferences include items, such as: manufacturing, stock watering,
power, mining, navigation, ''steam engines and general railway use,
culinary, laundry, bathing, refrigeration, steam and hot water heating

108

plants, (and) steam power plants.'
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Evidently only four (4) of the nineteen western states have placed
the non-economic uses of water into the preference systems. These
will be reviewed in turn. In Arizona, the law holds that: ''As between
two or more pending conflicting applications for the use of water from
a given water supply, where the capacity for the supply is not suffi-
cient for all applications, preference shall be given... according to
the relative values to the public for the proposed use. 109 In the
following section of the law the relative values to the public listed.

They are: (1) Domestic and municipal use; (2) Irrigational and stock

watering; (3) Power and mining uses and (4) Recreation and wildlife

110
uses including fish. (Emphasis added.)

Kansas also has recognized non-economic uses in its statutes
dealing with preferences, although the priority of appropriation
determines the relationship among appropriators when supplies are
limited. The order of preferences are as follows: (a) domestic, (b)

municipal, (c) irrigation, (d) industrial, (e) recreational, and (f)

waterpower. i (Emphasis added.)

In North Dakota, a broad range of economic and non-economic
uses is recognized in the preference system. In the statutes, it is
stated that preferences shall be established in the following order:
(1) domestic, (2) livestock, (3) irrigation and industry, and (4) fish,

112
wildlife, and other outdoor uses. (Emphasis added.)

The fourth state to recognize the non-economic values in its

preference system is Texas. A section of the Texas water code sets
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forth the requirement that water must be used for a beneficial purpose

and that the ''public welfare' requires a ''constructive public policy"

in the management of the water resources. Following these require-

ments, the statute lists those uses which have '"preference and

priority" over other uses. The uses identified are:

(1)

(2)

(3)
(4)
(5)
(6)
(7)

Domestic and municipal uses, including water for sustaining
human life and the life of domestic animals.

Water to be used in processes designed to convert materials
of a lower order of value into forms having greater usability
and commercial value, and to include water necessary for
the development of electric power by means other than
hydro-electric.

Irrigation.

Mining and recovery of minerals.
Hydro-electric power.
Navigation.

1
Recreation and pleasure. (Emphasis added.) 13

There exists a third system of water rights in the United States,

one which overlaps the riparian and appropriation doctrines. Known

as the federal reservation doctrine, it gives the federal government

the power to reserve water on lands that have been withheld from

private appropriation. This right differs from other federal powers’

over water in that it is a distinct proprietary right. The reservation

doctrine has been discussed and examined in detail elsewhere,

114

What follows is a brief summary of its background, meaning and

implications.
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Article IV, section 3, clause 2 (the Property Clause) of the

Constitution states that: '"The Congress shall have Power to dispose
of and make all needful Rules and Regulations respecting the Territory
or other Property belonging to the United States; and nothing in this
Constitution shall be so construed as to Prejudice any Claims of the
United States, or of any particular State.'" Included in the '"Property
belonging to the United States'' were the lands and appurtenant waters
in the western states. As these states were admitted to the Union,
" they obtained power over navigable waters, but acquired no propri-
etary rights or title to the lands owned by the federal government nor
waters arising on or flowing through such land. Thus, unless the
United States has disposed of these lands the federal government is
still the owner. 15

The states have contended that the federal government trans-

1
ferred the rights to water on the western lands by the Act of 1866 16

the Act of 1870, 117 or the Desert Land Act of 18770118 The view has
been held that the federal government did not dispose of federal waters
under these acts. 119

The reserved rights controversy has created a great deal of
concern regarding the jurisdiction of western states over the use and
rights to waters. The states are concerned that unquantified reser-
vations by the federal would limit future development and investment
in water projects. In many of the western states federal reserves

cover large portions of the water producing areas. These reserves
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were established in many cases prior to state establishment of water
rights. Therefore, a dual jurisdiction over rights has developed.

The reservation doctrine is in conflict with many of the major
principles of the prior appropriation doctrine. Federal reservation
rights are: (l) created without diversion or application to beneficial
use, (2) not lost by nonuse, (3) established according to the date the
lands were withdrawn, and (4) the measure of the right is the amount
of water reasonably necessary to fulfill the purposes for which the
land has been withdrawn. 120

These differences have led to conflicts between federal and state
objectives. As shown previously, many of the Western states still do
not recognize fish, wildlife, recreation and esthetics as beneficial
uses of water. Those that do have given preference to the more
traditional uses, i.e., domestic, irrigation etc. This has caused
concern that Federal programs, particularly those for fish, wildlife
and recreation, may not be fully served if the Federal agencies must
rely on state water law requirements.,

The reservation doctrine has distinct advantages to the federal
government. 121 (1) As federal demands for water increase on re-
served lands, these demands may be met without regard to state water
law requirements, i.e., diversion and beneficial use., (2) The re-

served waters have a distinct advantage over state-determined

priorities. (3) The federal government is not required to compensate
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for the taking of non-federal rights initiated after the creation of the
reservation.

The reservation doctrine has strong implications for the preser-
vation of fish, wildlife, recreation and esthetic resources. Federal
reservation of waters is in many cases difected at promoting these
values. It will insure that sufficient water is available for these
uses, without being subject to appropriation by other uses. Much of
the water required by the federal agencies is for instream use. This
will aid in the preservation of the fish and wildlife resources in those
states requiring waters be diverted from the stream for a valid
appropriation.

Some have contended that the water requirements for federal
uses will be minimal and that the loss involved (where no compensa-
tion is paid) will be negligible. There are counter arguments to this
position. First there is nothing to insure that in the future, require-
ments for waters on reserved lands will not become extensive. For
example, with the rising demands for recreation more water will be
required. There may also be uses that will develop in the future that
are not foreseen now. Twenty years ago the development of oil shale
reserves was not viewed as being essential. Such is not the case
today, and this development will require substantial quantities éf
water.

Secondly, the taking by the federal government cannot be

approved because the taking is small. As Trelease points out,
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""wunconscionable acts of the national government can hardly be justi-

fied on the grounds that they only result in petit larceny and only hurt

122
little people. "

Judicial rulings supporting the reservation doctrine began with

123
U.S. v Grande Dam & Irr. Company. Herein the courts recognized

"the right of the United States, as the owner of lands bordering on a
stream, to the continued flow of its waters; so far at least as may be
. 124
necessary for the beneficial uses of the government property. "
For some time, the impression was left with the states that they
had complete control over the appropriation and use of all waters

125
within their boundaries. This view was changed in the case of

12
F.P,.C. v Oregon, 6 sometimes known as the Pelton case. This

case was the first in a series of cases that held that the federal gov-
. . . 127
ernment had not divested itself of title to all Western waters.
In the Pelton case, the State of Oregon questioned the authority
of the Federal Power Commission to license a power project to use
waters on reserved lands and the adequacy of the protection afforded

anadromous fish. The court stated that: '""The purpose of the Acts of

1866 and 1870 was governmental recognition and sanction of posses-

sory rights on public lands...The Desert Land Act served, for pur-

poses of private acquisition, soil and water rights on public lands,

and provided that such water rights were to be acquired in the manner
. ) 128 )
provided by the law of the State of location, ' The court continued

by saying ''these Acts are not applicable to the reserved lands and
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water here involved.' For ‘the lands before us in this case are not
. . 29
public lands but 'reservations'. "

If the states felt that they still retained control, this view was

130
changed in Arizona v. California. Therein the court held that

there was 'no doubt about the power of the United States under the
clauses (Commerce Clause and Act. IV, Sec. 3 of the Constitution) to
. . . . 131
reserve water rights for its reservations and its property. "
During 1963, a case was handed down which was the first federal
decision to apply the reservation doctrine to a non-Indian reservation

32
where the nonfederal user was uncompensable.  In this case, Glenn

133
v. U.S., the court ruled that the United States had the right to use
water arising on the Ashley National Forest and that the priority date

was based on the date of reservation in 1897.

Recent court action appears to require the federal government

to have its claims adjudicated in the state courts. In U.S. v. District

.- 134 .

Court the Supreme Court upheld the Colorado court's opinion that
135 . . .

the McCarran Amendment gave consent to join the United States in

the adjudication of water rights. The Supreme Court interpréted

"river systems, ' as referred to in the McCarran Axnéndment, as

being one within particular State jurisdiction and not applying to the

. . 136 - 137
entire river. In a companion case, the Supreme Court found

that the federal government was éubject to state adjudication proce-

dures. Again, the Supreme Court held that monthly proceedings for
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adjudication constituted a ''general adjudication' in the sense of the
McCarran Amendment.

The companion case illustrates the scope of water rights
claimed by the United States. It covers water rights in the White
River, Arapaho, Routt, and Grand Mesa National Forest; Naval Oil
Shale reserves, and lands owned and administered by the Bureau of
Land Management.

The government claims for water included direct water rights,
storage rights, transportation rights and well rights. These waters
were to meet present and future needs of the reserved lands. The
uses made of the water were to be for timber production, recreation,
domestic use, agriculture, stock watering, conservation and manage-
ment of fish and wildlife resources, fire fighting and other uses.

With respect to the fish and wildlife habitat protection, conser-
vation and management the federal government made a further claim. .
That was the

right to the maintenance of such continuous, uninterrupted

flows of water and such minimum stream and lake levels

as are sufficient in quantity and quality to: (a) Insure the
continued nutrition, growth, conservation, and reproduc-
tion of those species of fish which inhabited such waters
on the applicable reservation dates, or those species of
fish which are thereafter introduced. (b) Attain and pre-
serve the recreational, scenic, and esthetic conditions
existing on the applicable reservation dates, to preserve

those conditions which are thereafter caused to exist. 139

The federal determination of the minimum flows required to

attain the requirements in (a) above were determined on the basis of
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14
two seasons, spawning and the rest of the year. During the spawn-
ing season, the government sought the right to the quantity of water,
unappropriated as of the reservation date, the lesser of either:

(1) the natural flow of such unappropriated water remaining in
the stream or, '

(2) that flow which corresponds to the fortieth percentile of a
flow duration curve, or its statistical, synthetic or empirical
equivalent. A flow, historically equalled or exceeded 40%
of the time.

During the non-spawning season the government claimed the

right to the lesser quantity of either:

(1) the natural flow of such unappropriated water remaining in
the stream or, '

(2) that flow which corresponds to the eightieth percentile on a
flow duration curve or its equivalent. Eightieth percentile
being the flow historically equalled or exceeded 80% of the
time.

The preceding discussion illustrates how the application of the
reservation doctrine may aid in the preservation of instream values.
The denial of these claims would no doubt have an adverse effect on
fish and wildlife resources.

To reduce the conflict between the state and federal governments
the National Water Commission has recommended the filing of federal

. . 14 C .
claims in state courts. The Commission recommends that this
filing should be done in conformity with State law, and that the federal
agencies should establish the quantity of uses. Furthermore, provi-
sions should be made for the establishment of minimum stream flows

in streams crossing federal lands so as to preserve the instream
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values. The Commission recommends the minimum flows be limited
to unappropriated waters and should be filed for with the state water

courts.

4. Sanctioned Standards and Criteria

Once goals are translated into policy, and the policies enacted
into laws, these laws may or may not lead to the creation of sanc-
tioned standards and criteria (see Figure 7). Standards are necessary
. . . . . . . 142
in that they 'provide for uniformity and consistency in planning."
Prior to August of 1973, the principles and standards used by federal
agencies stressed primarily market or monetary considerations.

With the approval of the new principles and standards, as recom-
mended by the Water Resources Council, explicit consideration was
given to the objective of environmental quality. Thus, providing an
opportunity to improve the quality of the environment during the

. 143
formulation of water resource plans.

Sanctioned standards and criteria are found in three areas: (1)
traditional water law; (2) pollution control laws and (3) water conser-
vation and protection laws. We shall discuss, herein, the presence or

absence of standards and criteria in each of these three areas.

Traditional Water Laws: The basic rule applied to early

riparian water rights was that every riparian had the right to have
water flow past his land, undiminished in quantity and unimpaired in

quality. Whether or not the riparian made use of the water, he could
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easily determine standards and criteria associated with the water. In
making judicial decisions, the courts could base their decisions in
part upon the changes that occurred to the standard.

The modified American riparian doctrine stated that every
riparian had the right to make ''reasonable use'' of the waters. As
such, a riparian land owner could make reasonable use of the waters
that could lead to a diminishing in quantity, as well as, an impairment
of the quality. Old standards no longer applied. The new standard
established under the reasonable use concept concerned the impact of
water use upon other riparians and the general public. The implica-
tion of the reésonable use concept was that the public had a right to a
minimum acceptable standard of water quality. This minimum stan-
dard of water quality applied to consumptive and non-consumptive uses
of the water. |

This point may be illustrated by the case of Namekagon Hydro

144
Co. v. Federal Power Commission. In this case, the Federal

Power Commission denied the license application of the Namekagon
Hydro Company to construct a dam and hydroelectric project on the
Namekagon River in Wisconsin. The courts found that man's intru-
sions into the free-flowing rivers in Wisconsin had greatly reduced the
miles of free-flowing rivers remaining. Furthermore, the construc-
tion of the proposed dam would have had an adverse impact upon the

small mouth black bass fishing population. The river also provided
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esthetic pleasures to both residents and tourists of the state of
Wisconsin.

Based upon the recreational and esthetic values of the stream,
the courts affirmed the action of the Federal Power Commission in
denying the permit. The court agreed that the Federal Power Com-
mission was within its powers to determine that the recreational and
esthetic values of the stream were of greater public benefit than the
use of the river for waterpower development.

The appropriation doctrine has also led to the establishment of
certain sanctioned standards and criteria. For the most part, the
appropriation doctrine vests the power to establish standards and
criteria in a state water administrative body, frequently termed the
state engineer. The law may either give the water administration
body the right to acquire water rights for the people of the state, or
to administer the use of water resources or both. For example, a
recent Colorado law gives the Colorado Water Conservation Board the
power to appropriate or acquire tisuch waters of natural streams or
lakes as may be required to preserve the natural environment to a
reasonable degree. 145 Standards and criteria must then be estab-
lished by the Board to define the reasonable degree.

The standards established by the administrative body must be
consistent with the intent of the law. Failure of the administrative
body to establish standards or standards consistent with the law may

result in court action to limit the administrative bodies actions.
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1
The case of Fellhauer v. People 46 illustrates the problem

associated with inconsistent standards. In 1966, the State Engineer
of Colorado attempted to halt ground water use that was having an
adverse impact upon the Arkansas River. The State Engineer was
acting under a statute that gave him the power to administer the laws
of the state relative to the distribution of the surface waters of the
state including the ground waters tributary to the surface waters. 147
Concerning the State Engineer's actions, the court found that he
had acted '"without any written rules or regulations and without any
prescribed guidelines.' The court also noted that prior to regulating
the use of the water resources consistent and reasonable standards
must be established. The establishment of consistent standards, the
court reasoned, would prevent arbitrary and discriminatory actions

on the part of the State Engineer.

Pollution Control Laws: The establishment of water pollution

control laws has led to the establishment of numerous standards to
. . 148

protect the quality of our Nation's waters. The standards estab-
lished apply to both flow and discharges intc the waters. Although not
discussed in detail in this report, water pollution control standards
have been useful in preventing the destruction of fishery resources.
The standards and criteria established may be present either in the
laws themselves or in the directives issued by a water pollution con-

trol agency or both. It is not always easy to establish these standards
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since they may vary from stream to stream, depending on the local
conditions.

The establishment of sediment standards, for one, has resulted
due to the adverse impacts upon the fish and plant life. 149 It is not
our intent to describe standards established by the federal and state
governments in the pollution control field. Maryland's sediment con-
trol program will illustrate the establishment of standards to protect
water quality. This is not to imply that all states follow this pattern,
for each state will vary the way in which it establishes standards.

In 1970, the Maryland General Assembly established a Statewide
Sediment Control Act. 150 Under the act the secretary of the Depart-
ment of Natural Resources was directed to adopt criteria and proce-
dures to be used by the counties and local soil conservation districts
to implement soil and shore erosion control programs. The Depart-
ment of Water Resources, being designated to implement and admin-
ister the sediment control program, established as one of its objec-
tives the protection of Maryland's water resources and associated
wildlife, fish, and aquatic life, from damage due to sediment
pollution. 51 A handbook was also adopted concerning standards and
specifications for soil erosion and sediment control.

State highway depart'me‘nts have also been actively establishing
standards to prevent pollution of sfreams resulting from the construc-

tion of highways. These standards usually deal with erosion control
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prevention and criteria that contractors must comply with when con-
structing highway projects that involve streams.

Conservation Laws: Conservation laws that are intended to pro-

tect and preserve the natural water environments also result in the
establishment of standards and criteria. An example of the establish-
ment of these standards may be found in the state wild and scenic
rivers acts, which are discussed in detail in Chapter IV. The North

. . . 152 . .
Carolina Natural and Scenic Rivers Act of 1971 explicitly defines
in the law the criteria for the inclusion of any river into the natural
and scenic rivers system. These specific criteria include: river
segment length, boundaries, water quality, water flow, and public

153
access.

In contrast to the North Carolina act, the Iowa Scenic Rivers

154 . . s
System stresses administrative determination of the standards and
criteria. The law states that a natural river is one which has been
designated by the State Conservation Commission for inclusion into the
system. Therefore, the Commission is responsible for determining
the appropriate standards and criteria.

The preceding discussion of sanctioned standards and criteria is
not an exhaustive study of these standards nor of the relationship of the
standards to the stated or implied goals of society. Nor have we dis-
cussed the effectiveness of the standards to carry out the substantive
provisions of the law. Some reference is made in the body of the

report to standards and criteria that have been developed; however,
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this area reguires additional research. Cha;pt{er IV:deals primarily .
with the body of law developed to protect and preserve the water and .

aquatic environments: . S e Tem e g e
Part B. Water Uses and \‘Ialiéle‘sb o

1. Trends in Water Use and Assogciated Values:

The i)urpo si'e" o£ thi:vs sécﬁion is”tc;- éx-aminé t}i;:é;;i:ha;giﬁg:patté:.rns
of water reis’ource»iJ.se, an‘d‘ tizé eébnéfnicavalues of %}até_'rv in ﬁ}af;,ous
uses. Itis beyond the scope of this-report to provide, a detailed -
account of every:water use-and its:wvalue.- Rather; what follows is.a,,;

;- 155 ‘

broad oversview of the trends in_water use and values. _—

Concerns over the quantity of usable water availaple and pres-

sure: on:the existing supplies has re;sultedg.i‘n{thf;,.Uni,t.ggl&,ﬁj;ate s-.due to . .
our increasing population and the industrialization of gur economy.
For:the most part, in premodern times man was not faced, with water . -
shortages since he lived in the water abundant areas of the nation. In,
the water short-areas, man ¢ould correct the problem by.moving to. -
the water or by moving the water to the shortage areas.. As the popu-.
lation grew, man became unable to solve all of his water-needs by
simple-transport relocations. iz

On a world wide basis, population has been.growing exponen-.
tially and the rate of growth is also increasing. The world population.
in 1650 was about .5 billion and was growing.at a rate.of .3.per . cent |

periyear: In 1970, the population was: 3.6 billion,and was growing at ..

65



a rate of 2.1 percent per year. 156 The problem with respect to water
is that the ever growing population must be served by a relatively
static quantity of water, yet per capita consumption continues to
expand. As Wright has pointed out concerning water use in the United
States:
The whole nation required only 40 billion gallons daily

in 1900. We used 360 billion gallons a day last year (1965).

On a per capita basis this comes out at 526 gallons per per-

son in 1900, and 1,893 gallons per person in 1960. Unless

we mend our ways, this figure will double by 1980... 157

The First National Assessment of the Water Resources con-
cluded that from a national perspective, water resources are ''statisti-
cally abundant. " >8 The report goes on to note that distributional
problems do exist. These problems are both spatial and temporal in
nature. For example, the precipitation for the 48 contiguous States
averages about 30 inches a year, which would be adequate to meet our
needs if evenly distributed in both time and location. However, this
average varies from over 100 inches annually in coast regions of the
Pacific Northwest to less than four inches in parts of the Southvves'c.159
Additionally, certain portions of the country are subject to alternating
droughts and floods.

Both the National Water Commission and the Water Resources
Council are of the opinion that few water ''requirements' exist. The
requirements include only those areas that are necessary to sustain

and preserve man, his property, i.e., fire-control, and other

necessary social and natural environments. Since man is an animal
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with many wants, however, many 'demands'’ for water and water-
related services do exist.

The National Water Commission's mest 'recent report analyzed -
water uses from three points of view. Wateruses'were classified as: -
(1) intake uses; (2) onsite uses; and-(3) instream or flow uses."

For our purposes, -however, we have examined water uses
according to the two'broad categories of (1) withdrawal uses and (2)
non-withdrawal uses.

' Thé term withdrawal use is synonymous to ''intake use' or
'wvater requirement''. The main criterion for a withdrawal use is that
the water must be taken from its sirface ‘or ground wateér source and
transported to thé place of use. 160 Examplées of 'withdrawal water -
uses include water for domestié, agricultural, and industrial purposes.

" Water that performs a function without being diverted from its
source or channel is termed non-withdrawal use. Non-withdrawal
uses are further divided into ofisite and instream uses:  Onsite uses ="
are those in which the water is consumed by swamps, wetlands,
evaporation from bodies of water, natural vegetation, unirrigated

161

crops; and fish ahd wildlife. ~Thesé on&sité uses may take place .

when the water is present in a body of water, or when water is being
; . L : i e 162
used to improve natural conditions such as wetlands improvement.
Instream 6r flow uses include navigation, sport fishing habitat,
fresh water sweetening of saline estuaries, hydroelectric power,

waste dillution and some fish, wildlife and recreational uses.
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Water uses may be measured in two ways, by the amount of
water withdrawn and by the amount consumed. As mentioned previ-
ously, withdrawal use takes water from its course and conveys it to
the place of use and is available for future use or reuse at a later
time or place. The term ''water consumed' or consumptive use
refers to water used in such a manner that it becomes unavailable for
future use or reuse because it has either evaporated, transpired, been
incorporated into products and crops or consumed by man and other
animals. The following pages will examine the use and value of water
in the three categories mentioned above.

Withdrawal Water Uses and Values: The National Commission

has concluded that total withdrawals and consumptive use of water is
on the increase. From 1900 to 1970 total water withdrawals have
risen from 40 billion gallons per day (bgd) to about 370 bgd, respec-
tively. (See Table 1). In the period from 1960 to 1970, the with-
drawals have gone from 270 bgd to 370 bgd, an increase of approxi-
mately 37 percent.

Equally as significant as the increase in the total withdrawals,
is the increase in the total consumptive use of water (see Table 2).
As a nation we now have consumptive use of water that amounts to 88
bgd. This is contrasted with a total consumptive use of water in 1960
that amounted to 61 bgd, or an increase of about 44 percent from 1960

to 1970.
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Table 1. Water withdrawals for selected years and purposes, U,S. and Puerto Rico
(billion gallons per day).
Total % Change in Public Industrial Steam
Water Total Water Water Rural & Electric
Year Withdrawals Withdrawals Irrigation  Utilities Domestic Miscel, Utilities
1900 40 1900-1910 20 3 2.0 10 5
(+65%)
1910 66 1910-1920 39 5 2.2 14 6
(+39%)
1920 92 1920-1930 56 6 2.4 18 9
(+20%)
1930 110 1930-1940 60 8 2.9 21 18
(+24%)
1940 136 1940-1950 71 10 3.1 29 23
(+47%)
1950 200 1950-1960 110 14 3.6 37 40
(+35%)
1955 240 110 17 3.6 39 72
1960 270 1960-1970 110 21 3.6 38 100
(+37%)
1965 310 120 24 4.0 46 130
1970 370 130 27 4.5 47 170
Source: WATER POLICIES FOR THE FUTURE, Final report by the National Water Com-

mission, Wash., D.C., June 1973, p. 7, and ESTIMATED USE OF WATER IN

THE UNITED STATES IN 1970, C. R. Murray and X,

Survey Circular 676, Wash., D.C., 1972, p. 10.

B. Reeves, U.S. Geological
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For the purpose of this report withdrawal water uses will follow
the classification used by the Geological Survey. The four principal
withdrawal uses are: (1) public supply (for domestic, commercial,
and industrial uses); (2) irrigation; (3) self-supplied industrial (in-
cluding thermoelectric power generation); and (4) rural uses (domestic
and animal).: Each of these uses will be examined in turn.

Public Supplies: Public water supplies are used for such things

as domestic use, fire fighting, washing, watering parks and in
swimming pools. Commerce and industry also make a substantial use
of public supplies; in 1970 commercial-industrial use amounted to .
one-third of the total public supply. 163

Referring to Table 1, water withdrawals for public supplies have
increased from 3 bgd in 1900 to 27 bgd in 1970. From 1960 to 1970
the withdrawals increased by 6 bgd, an increase of approximately 26
percent. This increase in withdrawals is accompanied by an increase
in the consumptive use of water. (See Table 2). Although not large in
absolute terms (5.9 bgd), the percent increase from 1960 to 1970 was
69 percent.

The amount of urban water use will depend on several factors.
Urban water use will be greater in the dry climate areas than in cool
climates. The use will also vary according to the standard of living,
whether the water is metered, water quality, ‘the physical condition of

the distribution system and its management.
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Trying to place an economic value on public supplies is compli-
cated since in most cases no final marketable product results from its
use, and no market as such is present for handling water sales and
transfers. Also, only small amounts are necessary to provide for
man's physical needs, although he may have many demands. It seems
intuitively reasonable that drinking water would have the highest
economic value relative to other public uses.

A recent study has attempted to specify some values for munici-
pal water use.l 4 The authors of this report estimated that the value
of water for lawn sprinkling in the East was $16.30 per acre-foot. In
the West, the same use produced a value of $62.00 per acre-foot. In-
house water use for both the East and the West was valued at $101 per
acre-foot, the high value representing man's reliance on water to
sustain life.

Crop Irrigation: Prior to 1960, irrigation was the largest with-

drawal use of water. In 1960, irrigation withdrawals were 110 bgd and
rose to 130 bgd in 1970, an increase of approximately 17 percent. At
the present time, irrigation withdrawals account for about 35 percent
of total withdrawals, and about 83 percent of the total water con-
sumed. 165

The consumptive use of irrigation water was approximately 73
bgd in 1970. The conveyance loss during the same period amounted

to 22 bgd. There has been a trend towards decreasing this loss due in

part to the increased reliance on ground water. By using ground
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water, a shorter distance is required to transport the water from its
166
source to the place of use, as compared to surface water.

It is difficult to cite a general figure for the value of water in
irrigation uses. The value depends on the environmental conditions,
the type and value of crops produced, the nature of the soil, and the
efficiency of employing the water.

The Young and Gray study indicated that the long run value for
irrigation water in the West, from a private point of view, ranged
from $15 to $40, with the average at $20 per acre-foot. When these
figures were adjusted to the national point of view the values estimated

_ , 167 . .
ranged from $5 to $20 per acre-foot. One of their conclusions,
based on these estimates, was that there is "lsub stantial excess irriga-

. ., 168 : .
tion capacity at present; ' and therefore, it would not be economi-
cally desirable for further inve stment in irrigation development at this
time.

Industrial: Industrial water withdrawals amount to over one-
half of the total withdrawals made in the United States. In 1970, self-
supplied industrial withdrawals amount to approximately 210 bgd, an
: , . 169 . . :
increase of 23 percent over the 1960 figure. These industrial with-
drawals include 54 bgd of saliné water. Over 80 percent of the total
industrial withdrawals were made in the eastern portion of the United
States.

The consumptive use of self-supplied industrial water is rela-
tively small, however, the rate of consumptive use is increasing.
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(See Table 2). The consumptive use grew by 39 percent from 1960 to
1965. This increase in consumptive use will tend to have a significant
impact on the quality of water, and the time patterns of the availability
of return flows.

The value of water in industrial uses is dependent on the type of

use to which the water is put and the geographic location of the activity.
The two most general uses are for cooling processing. As may be
seen in Table 3, the average cost for cooling water, by regions,

varies from $2.49 per acre-foot to $4.19 per acre-foot. Table 4
shows the value of water in industrial cooling for various uses. For
the most part, these values are grouped around the $3.00 per acre-
foot figure. Cooling in sugar beet processing commanded the highest
value per acre-foot,ranging from $7.82 to $8.96.

Table 5 shows the value of water in various industrial uses.
Based on these select industries the value of water varies from a low
of $3.26 in the minerals industries to a high of $37.15 for flume water
through clarifier.

Thermoelectric Power: Table 1 shows that the water used by

thermoelectric plants to generate electricity amounted to 170 bgd in
1970, which is an increase of about 33 percent over the 140 bgd used
in 1965. This category is usually separated from other industrial
uses, since the withdrawal figures are so high. The significant point

to note is that ''the rate of increase in usage by thermoelectric power
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Table 5. Costs of recycling and value of water in processing uses.

Cost of Recycling/

Value

Industry Liocation ($/1000 gallons) ($/Acre-Foot)
Steel Sparrows Point, 13.03
Maryland .04
Steel Fontana,
California .015 4.89
Mineral
Industry .01 to .02 3.26 to 6.52
Paper .08/1000 26.06
Sugar Beet Great Plains,
Intermountain
Flume water
through
clarifier .114 37.15
Chemical Monterey,
. 07 22.81

Source: ECONOMIC VALUE OF WATER: CONCEPTS AND
EMPIRICAL ESTIMATES, R. A. Young and S. L. Gray.
National Technical Information Service, Springfield, VA.

Accession No. PB 210 356, 1972, p. 176.
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plants make self-supplied industrial use the fastest growing of the

170
major withdrawal uses."

Another distinguishing feature that separates power from other
industrial uses is the fact that in 1970 only 1.04 bgd of the water with-
drawn is consumed. This represents an increase of 373 percent over
the 1960 figure. This can be explained, for the most part, by the
increase in electric power generation over the past ten years.

Rural Uses of Water: The final category of withdrawal uses

examined is that of rural uses. These uses provide for the needs of
man and animals in the rural setting. In absolute terms the with-
drawals are small. In 1970 only 4.5 bgd were being withdrawn for
rural use. This represents an increase of about 13 percent over the
1965 figure.

The consumptive use of rural water is high. Of the 4.5 bgd
being withdrawn, about 3.4 were being consumed. (See Table 2).
This high consumptive use is based in part on the failure of the users
to control the amounts of water being applied. No doubt the consump-
tive use could be reduced by the proper management of the resource.

The overall picture for withdrawal uses is as follows. The total
water withdrawals of 1970 of 370 bgd represent an increase of 19
percent over the 1965 figure, and a 37 percent increase over the 1960
figures. It is noteworthy that an estimated 86 percent of the with-
drawals took place in the 17 Western United States. 171 These with-

drawals represent a one percent increase over the 1965 figure. On a
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per capita basis, consumption of water in the West is 16 times
greater than in the East. A172 o

These high withdrawal and. consumptive use figures for the West
are one of the primary reasons for the sgppl{y:ver}sps‘—demar}d, prob-
lems in this region. For example, as more Wat»er@sdgmag_ded for
withdrawal uses less water is available for fish and wildlife preserva-
tion, recreation opportunities and general scenic pleasure. . Given the
figures presented above, it does not appear that the trend towards
higher withdrawals is _going,to be reversed in the near future. - Thus,
more emphasis will likely have to be placed on water laws to ensure
adequate water supplies for ,fish and wildlife.preservation and recrea- |
tional demands of our.nation. ;; = .

Nonwithdrawal Uses and. Values; .Only limited data are available

. . . 173
concerning important onsite and flow uses of water., ?sz: Only. general
estimates are available c_}gr}cevrningJqpnwij:hd;a\gal. uses. such as navi-

. . 174 .
gation and hydroelectric power.. .. The non-withdrawal uses, where
the data are most limited, concern the use of water for esthetic, |
recreational, and fish and wildlife uses. Most of the attempts to .
determine water use in these areas have resorted to indirect tech-
niques. These uses will be reviewed. in the light of the available data,

Navigation: From 1950 to 1970 there.-has been a fourfold increase

. . P 175 . .
in water borne traffic on the Nation's inland waterways. Navigation

has little effect on the large rivers, of the nation. The only requirement
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for adequate navigation is that there be a sufficient quantity of water
in the channel at the proper time. Navigation may affect the quality of
water if it results in the discharge of materials into the water, but as
mentioned earlier in this report, we have not concerned ourselves
with water quality problems per se.

The present method of valuing water used in navigation is to
determine the economic cost of transporting goods by means of water
and deduct the least cost alternative mode of transportation. The
savings will indicate the value of water in navigation uses. 176

‘Most of the studies indicate that in the larger waterways water.
has a positive economic value. The ability to transport longer dis-
tances and with larger loads will provide this savings. However, in
the smaller rivers where the distances are shorter and the loads
smaller the economic value of the water may be zero or in some cases
negative. Lt Waterborne transportation on these smaller rivers may
provide a useful social and economic purpose if it provides alternative
modes of transport and competition for other carriers.

Hydroelectric Power: Although hydroelectric power generation

17
has increased 28 percent since 1965, 8 it still accounts for less than

1
one-sixth of the total power production for the United States. 9 At

the present time it is estimated that the cumulative water withdrawal
. . 180
for hydroelectric power is 2,800 bgd.

The consumptive use of water for hydroelectric power is rela-

tively minor, Consumptive use results when water is evaporated from
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the holding reservoirs, Estimates indicate that the evaporative loss
is 11 bgd. o

The Valﬁé of water for hyaroel:ecftric :po'wl'ef is normally calcu-
lated by determining the diffe‘arehcé"“b"etwéen the cost of producing
power by hydroelectric means and the cost of the least-cost alterna-
tive. 182 The Natic;ha’o.‘l Water Cc&rhfnissioﬁs' most recent report indi-
cated that in rylo‘“case? would the V‘a.llil.é of water in hydroelectric power
produétion exceed $v1‘., 00 i)éf"acr/é'—'foot on a regional'b‘asis&w  When
capital costs and operating costs were used the value for hydroelectfic

power fell as low as 14¢ per acre-foot. When the construction costs

were ignored, the values for the water ranged from $3.92 to 43¢ per’

183 .

acre-foot.

| AR’ecre“’a'.t“i‘on: Water Baiswed recreation is E"’d"e'p",én‘tfl‘ent upona number
of variables. T'l:l;e'l""e‘cfea“cfional use of the water will increase or de-
crease depénding upon the depth of the water, the shape of the body of
Wa.tévrx, the salinity, color, témpératur‘e,‘ the type of flora, turbidity of
the water and the location of the water with respect to population
centers. S'ea‘soina',lv factors also enter into the détermination. Present
estimates indicate that about one-fourth of all outdoor recreation is
dependerit ﬁj;;i:on Waéei; in some manner.

AkThé Water R esources Codncil réporteé that in 1965 swimming, :
fishing, boa‘—cing‘,ww‘atver skiirig,‘ and ice ékatiﬁg- accounted for 2.8
billion aétivi:t';} déys, “and that bthis.' f‘igu‘re would increase to 7.7 billion

. . 184 . o . oo . )
by the year 2000. 8 Much of this activity is and will be carried on
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within publicly administered recreation areas. Table 6 indicates the
projected participation in the major water-based recreation activities.
As may be noted in the table, water-based recreation in 1965 accounted
for 23% of all recreation, and the projected increase is to 26% by the
year 2000.

Based on the Water Resources Council's estimates the major
water-based recreational activities will increase by approximately
60% between 1965 and 1980, and by approximately 170% from 1965 to
2000.

The estimates also indicate that over the past years there has
been an upward increase in the total surface area of water in the
United States. This was due in part to the increased development of
irrigation reservoirs, flood control dams and dams for hydroelectric
power. As of 1965 there were approximately 41.5 million surface
acres of inland water in the coterminous United States. 185 Much of
this is available for recreational use and enjoyment. However, under
many of the present state laws access to these water bodies may be
limited by the nature of the water laws, property rights and liability
laws.

It is also significant that as the surface area for recreation use
is increased, the free-flowing form is declining. At the present time
there exists approximately 3 million miles of free-flowing streams in
the United States. However, many of these streams are too small to

provide significant recreational opportunities. The Water Resources
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Table 6. Projected participation in major water-based recreation
activities (million of activity days).

Activity 1965 1980 2000
Swimming 1615 2676 4697
Fishing 577 738 1020
Boating

(all types) . 465 774 1353
Water Skiing 73 146 296
Ice Skating 108 183 325

Total of Major
Water-based
activities 2838 4517 7691

Total of 25
Recreation
Activities
Including the
above 12288 18343 29774

Water-Based as
% of total 23% 25% 26%

Source: THE NATION'S WATER RESOURCES. The First National
Assessment of the Water Resources Council, Washington,
D.C., 1968, p. 4-6-2.
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Council found that there were only 725 streams in the United States
that have a minimum flow of 550 cfs, which is considered the mini-
mum desirable rate for most types of scenic river recreation
activities.

Much of the current water use and development activities are
taking place on these 725 streams. With major water developments
taking place on the streams and commercial construction adjacent to
them, their value as recreational resources declines. The decline in
the supply is placed in direct conflict with the increased demand for
their use.

It is a difficult task to place an economic value on recreation
activities. Young and Gray cite three reasons for the problem of
estimating the economic value. 186 First, the product of water used
for recreational activities is ordinarily not priced within the market,
and as a result a "'synthetic imputation' procedure is required to
estimate the value. Secondly, there are a number of other resources
other than the water that add to the value of the recreation experience,
and this requires additional imputational steps to derive the value of
water. Finally, many recreational uses are of the instream wvariety
and do not make a consumptive use of water. Therefore it is difficult
in a physical sense to measure the quantity of water ''used'’.

Given the above problems, several attempts have been made to
value the water in recreational uses. Young and Gray cite one case
where water used at the Winton Woods Reservoir, a Corps of
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Engineers project ten minutes from downtown Cincinnatti; for recre- . .
ational pukposes..- The conclusion of their findings was that if.the
volum_e of the reservoir were approximately 4,600 acre-feet, then -
"the estimated average value of water in the -reservoir.is about.$150
per acr'e’-’e.footv”'l"s?' S Tt TR

"“The values per surface area of water used for recreation may
vary from $142 to.$3,700 per surface acre. However, the average
range of values.appears tobe in’the neighborhood of from $3 to $5.
per a'c-r‘e-foota. l8j8a:,The:::}:ligher values. for recreational water will be
found iflocations thatiare close to the large pepulation- centers - where .
the facilities are more highly developed. Under these conditions the. ..
value of the water may well exceed $150 per acre-foot. Inthe areas

where it is less developed and far from populatiomnwee*nters“th‘emx}ainé'
may be worth only pennies. 189

1

Based on the 1ncreasmg demands for recreatlon opportunltles
and the decrease in the free flowing streams ava11ab1e for recreatlon
is it becoming increasingly necessary and justifiable to maintain a
minimum pool in lakes and reservoirs and a minimum flow in streams

] - N v s 190‘ ” B T . . - 3 . .
for recreat1ona1 purposeso Two methods may be used to ensure

adequate supphes remain for recreat1onal and esthet1c purposes, they

-~

are legal and economic means. Th1s report w1ll center upon the .

1
efforts made in the legal field. 19

-

Flsh and W11d11fe A.nother s1gn1f1cant nonw1thdrawa1 use of

[

water is for the preservatlon and enhancement of f].Sh and w11d11fe
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resources. In 1965, fresh water fish harvested commercially in the
United States amounted to approximately 3.5 billion pounds. This
harvest represented a value to fishermen of roughly $215,200, 000.192
This represents roughly 3 percent of the world production.

In 1960, sport fishing and hunting account for approximately
700 million man-days of recreational opportunity. (See Table 7) The
1965 National Survey of Fishing and Hunting showed that the avid
hunter and fisherman spent about $4 billion and traveled in excess of
31 million miles to partake in 709 million recreation days. 193 Based

on the estimates of the Water Resources Council this figure should

grow to 1050 million man-days by the year 1980.

2. Water Use Efficiency

One area of water use that has been receiving more attention in
recent years concerns the lack of efficiency in the use of water
resources. Water is inefficiently used in many ways. For example,
it may be wasted due to evaporation, lost during conveyance to agri-
cultural, municipal and industrial users and wasted by inefficient and
improper application. Much of what is considered to be wasted is
regained as the water moves through the hydrological cycle. However,
this water becomes available at a different time and in a different
place.

By applying more efficient water management techniques addi-

tional supplies of water could be made available. This will, in some
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cases, reduce the pressure on limited supplies and more water will
be available for withdrawal and instream uses. For example, in the
United States impounded water is contained in approximately 1300
lakes and reservoirs each with an average capacity of about 5, 000
acre-feet or more. Their combined water surface area is in excess
of 11 million acres. 94 There are also numerous smaller farm ponds,
storage tanks and holding reservoirs to provide water to municipal,
industrial and agricultural users. One study has estimated the water
loss annually from impoundments in the seventeen western States to be
15.6 million acre-feet, an amount equal to the total water storage
capacity of California. 195 In the more humid areas of the United
States, it has been estimated that the reduction of evaporation loss
could be equivalent to increasing the catchment area by 10 percent.1

At the present time, there appears no practical economic means
to control the evaporation from large bodies of water. Retardation of
evaporation from small farm ponds and holding reservoirs may be
possible in some areas depending upon the cost of alternative sources
of water, 1917

As pointed out earlier, the conveyance loss for irrigation water
in the United States amounted to approximately 22 bgd. This loss is
dependent to a large extent upon the types of soils involved and the
efficiency with which the water is applied to the land. There have
been several studies made to show the possibilities for increasing the
efficiency in the application of irrigation waters. 198 One study
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illustrates how the imposition of pumping restrictions in Utah in-
creased the average efficiency by 12.4 percent from 1959 to 1961. 199
Another indicated that the conveyance loss in Oregon for agriculture
was approximately 1,244,000 acre-feet annually, sufficient to irrigate
370 thousand additional acres. The study indicated additionally that
the loss of water once it is applied was as high as 60 percent of the
total applications.

The most frequently mentioned means of reducing conveyance
losses in agriculture water use are canal lining and phreatophyte
control. It has been estimated that by 1980, 1.85 million acre-feet of
water annually could be saved in the west by the lining of canals,
using closed conduits for the transportation of water, and by providing -
other means of seepage control on cur irrigation systems.

A significant amount of water may be made available by control
of "nonutilitarian'' water consuming plants called phreatophytes. It
has been estimated the amount of water consumed by these plants
ranges from 20-25 million acre-feet per year in the seventeen
western s’ca‘ces.201 From a fish, wildlife, recreation and esthetic
point of view these plants may not be "nonutilitarian', They may pro-
vide useful habitat to some species of fish and Wil(':llife2 2 and their
removal could reduce the esthetic qualities of some rivers.

There is also a significant loss in the conveyance of water to
municipal and domestic water users. These losses result from break-

ages and leakages in the distribution network. Estimates are that
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approximately 10 percent of the water delivered to municipal and
domestic users is lost due to leaks and breakages.

There are indications that waste results in the use of water
within homes. For example, in Kingston, New York in 1958 universal
metering resulted in a 27 percent reduction in average use from 5.56
mgd in 1957 to approximately 4.0 mgd for the years 1960—1963.203
This indicates, in part, that people were using water beyond their
needs, and that there was additional room for improving in-house
efficiency in the use of water resources.

Agricultural waste water has been defined legally as 'those
waters which, after having been diverted from sources of supply for
use, have escaped from conduits or from structures in course of dis—
tribution or from irrigated lands after application to the soil.204 In
most of the 17 Western States, waste water is considered to be the
quantity of water that is applied in excess of what may be beneficially
used, while taking into account a certain amount of loss that is
inevitable.zo5

Proper management and efficient utilization of water is one
method by which to increase the supply of water. However, this man-
agement and the desire for efficient use must be weighed against the
effects on the fish, wildlife, recreation and esthetic resources.
Cement lined canals will improve the efficiency of the application of

irrigation water, but it may also destroy some related esthetic plea-

sures and values.
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3. Water Use Interrelationships

Water, as with all other resources, may involve numerous
alternative relationships among the various uses to which it may be
applied. Specifically, water resource uses may involve competitive,
complementary, and supplementary relationships among its various
uses.

The competitive uses, sometimes referred to as conflicting
uses, are those in which the use of the resource in one manner pre-
cludes its use or reduces its output in other alternatives. For ex-
ample, if water is employed in agricultural purposes, it can not be
made available at the same time and place for municipal or recre-
atio'hal uses. Therefore, there must be a trade-off to determine the
use of the water.

These conflicts arise in three areas. First, there are conflicts
among the present uses of water. These conflicts result among dif-
ferent types of uses (irrigation, industry, municipal, recreation,
etc.), among different geographic locations, and finally conflicts re-
sult among individual users within any type of use in a given loca-
tion.206

A second form of conflict may result between the present and
future uses and users of the water. For the most part, the develop-
ment of a hydroelectric plant on a river will prevent the river from

being used in the future as a wild and scenic river. Therefore, a
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decision must be made as to whether the stream of benefits resulting
from the use of the water resource in the present are greater than the
benefits to be obtained in the future.

This argument of present versus future uses of water may also
be placed in the context of development versus preservation. It is
usually stated that the present development of a resource precludes
its availability in the future. This problem becomes critical when
viewed from the point of irreplacable natural environments, such as
scenic and wild rivers. Krutilla has contended that, under the present
system of private market allocations, we are not likely to preserve
the socially optimal amount of these natural environments. In fact,
the amount that is considered optimal may be increasing over time.zo7

Finally, conflicts result between the use of resources to develop
additional water supplies and the alternative uses of other resources
that are foregone when resources are directed into the water develop-
ment field. For example, it would be economically as well as socially
undesirable to allocate large amounts of resources toward producing
insignificant quantities of water, when we are faced with other pres-
sing social problems. Every policy aimed toward developing or pre-
serving water resources must consider the alternatives foregone by
the development.

Conflicts, though a serious problem, are in many respects both
necessary and desirable. Once an area of conflict is identified,

policies may be implemented to resolve the conflict. In developing
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policy, we are required to examine all of the factors involved and
consideratib.n mus{:‘be given to the various alternatives open to re-
solving the conflict. Conflict becomes destructive only when it leads
to the elimination of alternatives and a reduction in choice.

’ A second rélationship thaf”m'ay exist between two'or more pro-
ductive use of ~1:he: water resources is that of compﬂklernenta1'i1:y'° This
relationship implies that the increased output of one productive use
leads to an increased output of the other. A simple example of the
complementarity relationship is that between navigation and pleasure
boating. Additional quantities of water made available for navigation
purposes may create additional opportunities for boating. This rela-
tionship will hold as long as one use does not become dominant. As
navigation is increased to a high density level, it may become com-
petitive with the use of the water for pleasure boating.

Supplementary relationships exist when the increased output
from one water use has little or no effect upon other uses. For ex-
ample, consider water stored for power generation and used to main-
tain a minimum flow to sustain fish and wildlife habitat. If water can
be taken into a reservoir and released to generate power and at the
same time maintain the fishery and wildlife, at its original level
resource, then a supplementary relationship exists.

Where a2 new demand or conflict exists, the policies must be
directed towards determining the effects of the trade-offs in alterna-
tive uses. Too often policies of the past have been determined solely
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by the historically dominant use of the water. For example, the
domestic, municipal and industrial uses have traditionally had a
preference over the recreational and esthetic use of the resource. In
viewing a developmental benefit, we must be cognizant of the preser-
vation benefits foregone. When we are aware of both of the benefits,

then a policy for conducting the trade-offs may be developed.
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CHAPTER III

ENVIRONMENTAL PARAMETERS

Part A. Ecological Considerations

An essential step toward establishing successful protective laws
to preserve the recreational and esthetic values, and fishery and wild-
life resources of the aquatic environment is to define those environ-
mental factors upon which these values and resources depend. This
part will present and discuss some of the more important of the envi-
ronmental factors which affect the overall productivity of the aquatic
areas of interest: natural streams, and lakes and reservoirs.

Reservoirs are essentially lakes built by man, and while the
purpose may originally have been very specific, such as storage of
irrigation water, contemporary demands for recreation are so great
that virtually all reservoirs are now recognized as possessing recre-
ational and esthetic values or potential.

In this discussion of the ecology of the aquatic resources, and
later, of the intrusions by man into them, emphasis is placed upon
their fisheries. This is not only because the fisheries literature is
extensive, but because the conditions which encourage fish production
are ordinarily the same conditions which we associate with environ-

mental quality, the natural conditions. While this is not true in all
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cases, we tend to think of a high quality environment as a natural
environment, possessing high esthetic and recreational values, and
also productive fisheries. We are, therefore, to a considerable
degree, considering productivity of the fishery resource as an impor-
tant index of environmental qvuali‘ty. Optimization of the fishery
resource of the areas we are discussing will usually go hand in hand

with the recreational and esthetic values of those areas.

1. Natural Streams

Physical and biological factors of the stream ecosystem function
together in a dynamic manner through time and thus determine the
productivity and the carrying capacity of the system. As a habitat
for aquatic organisms, the stream presents a highly variable and yet
specialized set of conditions. We will examine those physical and
biological components which influence the productivity of cold water
streams. Although emphasis here is on cold water streams, many of
these environmental factors apply equally well to the productivity of

warm water streams.

a. Streamflow

An important physical factor of the stream ecosystem is its flow
regime. Much research has been done on stream flows in an effort to
determine the optimum and minimum flow requirements for maintain-

ing the fisheries resource or for maintaining the biota of streams.
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Stream flow ‘i.s influenced by several abiotic factors including
velocity and depéh. Stream-dwelling crganisms have adapted to the
flowing water enviroﬁment; and most have rather narrow preferences
for flow velocities. Thus; velocity plays an important role in the
species composition, characteristics and overall productivity of the
lotic biota.

Streamflow also determines depth and width in a stream channel
of a given configuration. As with velocity, most lotic species in some
of their life habits are limited in their preference of depth of water.
Stream width is an irﬁi)ortanf consideration in terms of fish reproduc-
tion areas, food production, water temperatures, and satisfying spatial
requiremeﬁts .

Migration. Fish studies have shown that streamflows can affect
the upstream and aownstrea.rn‘migrations of adult and juvenile fish of
many species.2 Flows may‘cauée migrations to commence, create
barriers at high or low flows, cause delays, and change the speed of
travel. The relationship of streamflows to the initiation of fish migra-
tions varies betwéen sp'vecies and between streams for the same species.

It has been found that most salmon migrations occur at times of
the year when seasdnally high flows can be expected. Studies of pink
salmon migration in British Columbia by Pritchard3 found a positive
correlation between numbers of fish migrating from the sea to the

stream ‘each day and the maximum daily water height in the stream
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and the daily rainfall in the area. Sockeye salmon migration on the
Fraser River system has been shown by Andrew and Green4 to vary
with discharge flows. Low spring and summer flows delay the spawn-
ing run causing migration to take place over an extended period of
time and at a later average date. Thus, fish in the last part of the
run often failed to arrive on the spawning area or arrived too late for
efficient spawning.

Reduced flows can cause undesirable delays in fish migrations.
The delays can be as important in their effect on fish migrations as a
physical barrier. Brett found5 that delays due to reduced stream
flows cause stress, and the premature use of energy reserves by adult
salmonids caused death in some and reduced reproductive success in
others. The rate of downstream migration of juvenile fish can be
greatly influenced by the amount and velocity of streamflows. Re-
duced streamflow velocities in the Fraser River system have been
cited as a possible reason for reduced survival of downstream
migrating sockeye and pink salmon smolts.

Streamflow is thus an extremely important physical factor to
anadromous species of fish. The stimulus provided by stream cur-
rents appears absolutely essential to the migration of many species.
A migrant may be placed in a time delay and stress situation by either
high or low streamflows.

Spawning. Streamflows play a significant role in the spawning

activities of stream-dwelling fishes. Virtually all have adapted this
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important phase of their life cycle to some range of water velocity and
depth. Streamflow velocity is a factor in salmon and trout redd con-
struction, fertilization of the eggs, and in percolation rates of water
through spawning gravels fer supplying oxygen to the eggs. Andrew
and Green7 suggest that salmon appear to select gravels with an
adequate oxygen supply by sensing a current or upswelling of flow
through the gravels. An adequate intragravel environment for suc-
cessful incubation can usually be maintained if the surface flow does
not drop below that which existed at the time of egg depo sition.8

A number of studies have been conducted to quantify the water
velocity and depth preferences of spawning trout and salmon. While
most of the studies quoted refer to sea run anadromous fishes the
same principles apply to inland streams. These studies have demon-
strated that steelhead and salmon have a rather narrow tolerance to
velocity and depth when choosing spawning areas. For instance, it
has been found that most anadromous salmonids select spawning sites
with flow velocities between 1.0 and 2.5 feet per second when mea-
sured 0.4 feet from the stream bottom.g Juvenile fish in streams
must have sufficient water depth for intrastream movement during
their rearing period and a flow adequate to support an uninterrupted
seaward migration. A minimum stream depth of 0.1 to 0.2 foot is
required throughout the year to accammodat¢ this movement of young

fish.
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From these studies of the depth and velocity preferences of
spawning steelhead salmon, it has been shown that the discharge of a
river can determine the amount of spawning area available and that
this area does not necessarily increase proportionately with increased
flow. | In a study of chinook salmon on the American River, it was
found that two peaks of available area existed, one at a discharge of
2700 cubic feet per second and a larger one at 500 cfs. 10 At a dis-
charge of 2700 cfs., the center portion of the stream was too high and
fast for spawning but the water level was high enough to allow the use
of lateral flood plain gravels for spawning activities. As the flow
approached 500 cfs., conditions of velocity and depths in the center
portion of the stream made this larger area suitable for spawning.

Thus, the discharge flow for a particular stream can be a deter-
mining factor in the spawning success or failure of fish populations.
Velocity and depth are the principal components of the discharge for
spawning. Too high or too low a discharge can result in velocities or
depths outside the tolerance range for spawning. Although increased
spawning area might be expected with increased flows, it is not
always a steady increase.

Food Production. Streamflows influence the fish food species

composition and total stream production. Aquatic insects are a major
11
source of food for resident trout in streams. Hooper = states that a
stream's carrying capacity for fishes may be directly dependent on its
12

food production capability. In a study on a California stream, Gard
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reported that drift organisms represented about 50 percent of the
trout summer diet. Drift organisms accounted for 78 percent of the
su;nmer,foqfi for brown trout and 39 percent of the brook trout sum-
mer food in se_c;t}ion‘s of the stream studied. Lotic organisms tend to
drift downstream in varying degrees depending on species and envi-
ronmental influences. Streamflow represents one of these environ-
mental ip_fluences although its true significance on the production of
stream bottom organisms is not well understood.

Each species of aquatic insect has its own life cycle and environ-
mental requirements. As is true with the stream-dwelling fishes,
the bottom fauna is well adapted to the. current environment, and many
aquatic insects have developed specialized structures and living habits
which take advantage-of this environment in different manners.

Needham‘ and Usingerls,' found positive correlations between
insect distribution and depth and current velocities. The preduction
of fish food\qrganisms in streams is highest in the relatively shallow
riffle or rapid flew areas which in some streams are located outside
of the main stream channel. A study of flows and. aquatic food produc-
tion in Oregon found that ‘p“eak insect production on riffle areas studied
occurred at flow velocities of about 2.0 feet per second. 14 Studies by
Sornnnel5 have shown that low stream flow affects the food production
in Wipter through the formation of anchor ice, which can also be

directly damaging to fish and fish eggs present at the time.
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The welfare of stream fishes is dependent upon the food supply
available, thus minimum streamflows must protect aquatic food
organisms at all periods of the year. A flow regime which does not
provide for good invertebrate production, will not support high fish
populations. Therefore, it has been determined that an optimum
streamflow based on fish food production would be that flow which
covers the greatest amount of riffle area and still provides large sec-
tions of the riffle with water velocities of about 2.0 feet per second.

Although many studies have been done relating streamflows and
other biotic factors to the abundance and distribution of bottom fauna,
further study is needed. Measurement of drift organisms may be a
promising method of meaningfully relating flows to the important
factor of aquatic food availability. Evaluation of drift rates with
various streamflows could yield information on the relative produc-
tivity of various flow regimes.

Stream Rearing Capacity. The studies of Pearson, et al. on

streams in Oregon point up the significance of discharge flow and
velocity to the rearing capacity of a stream. They concluded the most
important factor determining the juvenile coho salmon carrying
capacity of a stream is the summer streamflow and that increases in
populations were also velocity related. Each stream and each pool in
a stream has a definite rearing capacity which is influenced by food
production and the spatial requirements of fish which in turn are

affected by streamflow velocity.
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Most stream fish exhibit a strong territorial orientation. Their
associated spatial requirements have a relationship to stream veloci-
ties. Kalle'berg17 found that juvenile brown ‘trout and salmon occupy
and defend ‘territories which become smaller with’increasing flow
velocities. With increased flow velocities and subsequernt reduction
in the area of individual territories, juvenile fish which were previ-
ously without territories, could now occupy and defend an area of
their own.  Thus, within limits, the resident salmonid carrying
capacity of streams can be increased or reduced by velocity alone.

. Minimum- Stream Flow. As stated previously, the task of deter-

mining the optimum or minimum flow requirements of streams is
being pursued by many governmental and private agencies. The in-
creasing amount of water being diverted from streams or captured in
reservoirs has made the ecological consequences of such actions
more apparent and the value of the remaining streams greater. As a
result, increasing attention is being given to the ecological impact of
water development projects and other-activities on watersheds.

A number of states have taken legislative action in order to pre-
serve and protect -instream values of water. These actions take the
form of general statutes for setting minimum streamflows in some
states (e.g., Florida, Iowa, Mississippi, New Jersey, and Washing-
ton) and wild and scenic rivers legislation or similar laws that pre-
serve designated streams or reaches thereof from development in
others (e.g., Idaho, Montana, Oklahoma, Oregon, Washingtoen,
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Tennessee, and Wisconsin). An explanation of these statutes and
protective legislation relative to minimum stream flows will be
covered in detail later in this report.

Present approaches to the determination of minimum stream-
flows frequently fail to relate physical stream data to actual discharge
needs of the biotic community. Minimum flow recommendations are
thus often based on a judgmental decision on some arbitrarily chosen
portion of the mean or low flow of the stream. Greater emphasis
should be placed on quantifying such water flow needs of the biotic
community. Quantified evaluation of the relationship between stream-
flows and the ecology of the stream and its esthetics can provide a
rational basis for evaluating and recommending flows which will
optimize the biological productivity of streams.

Many of thestudies on flows and stream ecology referred to the
previously represent meaningful steps toward determining realistic
discharge recommendations. These and other related studies have
quantified such factors as riffle food productivity, spawning flow
velocity, rearing pool velocity and some have attempted to place
numerical values on flow in relation to spawning, food production and

18,1
shelter. 8,19

Although complex and time consuming, this method
appears most promising for optimum or minimum flow determination.

The importance of a proper streamflow regime to the overall

productivity of the stream environment cannot be overemphasized, for
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it pervades and determines every other important physical and bio-

logical factor in the stream ecosystem.

b. Substrate Requirements

The substratum of the stream is an important physical factor
which affects the overall productivity of the running water environ-
ment. It provides important habitat for invertebrate production,
reproductive areas and some protective cover requirements for
stream-dwelling fishes. Some interrelationships between the sub-
strata and invertebrate production and reproductive areas of fishes
will be discussed here with cover requirements being discussed later.

Food Production. The streambed is a product of the flow

regime of the stream.zo In those streams where the flow increases
considerably at times, as during natural freshets, the lighter bed
materials are swept away, and a particular type of substratum is
maintained. The production of fish food organisms can be greatly
affected by the occurrence or absence of freshets and the resultant
effects on the substrate of the stream.

The relationship between stream organisms and the particular
substrates which they inhabit is an exceptionally complex aspect of
stream ecology. Many species of animal and plant life are confined to
one or very few types of substratum, either because they need a
special surface to which to attach or because they need the shelter of

21
streambed obstacles. Sprules has investigated the relative
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productivity of common substrate types found in trout streams. In
general, sand was found to be the poorest habitat; gravel, rubble in
pools and rubble in rapid currents supported increasing biomasses.
The fact that rubble supports more organisms than does sand sub-
strata appears to correlate with the amount of available living space
and with the greater probability that organic matter will lodge among
stones and provide food for the streambottom organisms.zz As stated
previously, in streams with a pool and riffle structure, the fauna is
considerably denser on the latter due to the complex interaction of
local factors such as flow velocity and depth.

Differences of invertebrate biomass production in streams or
reaches of the same stream may be due to the interaction of factofs
such as differences in the uniformity of gradient and the subsequent
vulnerability to flooding, differences in the proportions of various
types of substratum, and difference in vegetation on the banks, which
supplies food to the stream biota.

The food web in the aquatic ecosystem depends upon living plants
and animals and upon detritus, the non-living particulate in the water.
The detrital segment of the food chain results from falling leaves and
twigs from stream bank vegetation, as well as from the break down of
plants and animals produced in the water. Thus, streambank vegeta-
tion has the important role of providing a significant portion of the

food of aquatic organisms.
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Reproduction. Many of the fishes of running water are some-

what restricted in their choice of breeding sites and if suitable sub-
strate is not available they simply fail to breed. Some species
require large stones, some silt-free‘gr’avel, or c»ther’ clean sand, and
others require flooded terrestrial vegetation and in years when the
sﬂéream does not overflow these riparian lands the fish cannot breed‘,2

The substrata for resident trout spawning areas must consist of
gravel of such size and composition that fish can excavate redds or
nests in which their eggs can be deposited, fertilized, and hatched.
Brown trout prefer gravel ranging from 0.25 to 3.0 inches in diameter
and brook trout spawn over gravel ranging in size from coarse sand
to stones three to four inches in diameter and both locate their nests.
at the edge of pools which have a good vertical flow of water through
the gravel for oxygenation of the deposited eggso25

StreamA sedimentation significantly inflﬁence s the survival and
abundance of trout. Sediment filling the interstices within the spawn-
ing gravels reduces the Iﬁermeability thus decreasing the survival of
the eggs. Trout and salmon are dependent upon gravels which are
relatively free of fine materials. The silt-cleansing action of ‘freshets
is important to the life cycle of these and rnyan.y> other species of fish.
For this reason the erosion of soils into stream channels must be
checked to prevent unnecessary destruction of fish habitat.

Stream meanders with alternating pool and riffle areas are
characféristic of the natural sinuosity ofbrivei‘s and streams. This
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meandering shape allows the energy of flowing water to be evenly
attenuated throughout the length of the stream. Even in relatively
straight sections of a stream the main current is rarely straight for
it meanders back and forth within the channel.26 Therefore, a stream
tends to assume the meandering shape which involves the least amount
of work and allows the streamflow to reach an equilibrium state with
the channel structure.

Stream meanders increase the holding capacity of a stream and
thus reduce the severity of floods. During flooding conditions, a
meandering stream that is relatively slow-flowing can maintain much
more water than a straight section of stream, and, thus, it alleviates

flood effects through the retention of water.

c. Cover
The importance of cover to stream productivity has been recog-

27,28,29,30, 31 .
9 Their studies

nized and studied by many investigators.
have shown that stream 'improvement', including artificial cover,
can lead to an increase in number and size of trout in a given section
of stream.
Cover protects fish from predators and allows them to conserve

energy, as prime shelter areas have flow velocities less than 1.0

32 . . . .
fps. In large streams the importance of protective shelter is evi-

denced by the congregation of fish near obstructions, in bays and along

the banks, or anywhere else that offers protection. Cover utilized by
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stream-dwelling fish populations may take the form of physical cover
such as undercut stream banks and streambed obstructions or bio-
logical cover such as riparian and streambed vegetation. Saunders
and Smith33 increased the number of artificial cover areas in a small
stream and found the brook trout population over age one nearly
doubled. A study on Trout Creek in Montana by Bous su34 demon-
strafed that removal of undercut stream banks and riparian brush
cover caused a decrease in the number and weight of resident trout,
with decreases being greatest for large fish. Butler and Havvthorne3
report that brown, brook and rainbow trout make ﬁse of shade as over-
head cover. All three species showed a significant preference for the
shaded areas of large overhead cover.

Relationships between physical parameters and fish populations
in trout stream pools have been investigated by Levvism36 Nineteen
pools were studied on a 6.2 mile section of a Montana stream. Of the
physicél parameters studied, current velocity and total cover were
found to be the most important factors affecting fish populations.
Deep, slow pools with extensive natural cover had the most stable
trout populations with brown trout showing greater stability than rain-
bow trout. From his study, Lewis surmised that the value of cover is
pfobably related to security and photonegative response of trout which
cause them to seek areas with overhead cover. These and other
studies suggest the Argcognition of cover, both in the stream and on the
banks, as important to .Strev‘amr-adwelling fish populations.
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d. Temperature

Temperature is a critical ecological factor controlling a
stream's productivity. A natural cold-water stream in a temperate
climate has a definite seasonal temperature regime, but it rarely
becomes very warm. The protection provided by the shade of riparian
trees and other vegetation is an important factor, and such streams
are usually spring-fed. For stream fishes, temperature is an impor-
tant factor which limits both geographical distribution and local
occurrences of species within a -\;vaterc:ourse.37

Differences of a few degrees in water temperatures are often
critical to the livelihood of stream organisms. The brook trout, for
instance, cannot long sustain temperatures above 25.3OC; 38 for the
rainbow trout this upper tolerance limit is 24.5°C. Clearing of
riparian vegetation and the subsequent exposure of streams to the sun
have caused water temperatures to rise above these tolerance limits
of trout in many areas. This situation is known to have occurred in
the Appalachians, where trout are now limited almost entirely to the
high, still-forested areas.

The timing and extent of temperature changes are also impor-
tant. Most stream organisms have definite breeding seasons, and
their life cycles are geared to fit into the annual cycle of temperature
change. Although the warm-water fishes can tolerate winter tempera-
tures, the weter must warm up early enough and high enough to allow

them to breed at the proper time. Similarly, for cold-water fishes,

125



temperatures must fall below 14.4°C at some time of the year, or in
some accessible area, to allow trout to breed, as this is the upper

2

limit for successful reproduction. °

e. Wetlands

Floodplains and wetlands are an integré.l part of any stream.

In many areas these marshy areas along streams and rivers are well
de_velopeld and of great value to these aquatic ecosystems. The pro-
ductivity and divefsity of the" main stream channel is dependent on the
health or naturalness of the marsh of the flood plain. During high
flows, 'kconsid-éi'able'sediment is deposited over the floodplain which

in turn furnishes nutrients for thervég'etation and the food web it sup-
ports.v This flooding also ‘crueyates'ﬂoodplain ponds which provide
excellent breeding and nursery areas for numerous bs-pecies of fish and
other organisms.

These floodplains and marshes harbor a great diversity of
animals. Organismsg use these 'shallowlwater areas in various sea-
sons to éomplete part-of their life cycles. Large numbers of birds
and-mammal»s use the floodplains as feeding grounds. Many extensive
floodplaiﬁ mér's‘hes, glades, and fdrests form an integral part of
important flyways for waterfowl and other migratory birds. These
relatively impenetrable areas provide nb.veceséary Ha‘bitat for certain

kinds of bird rookeries found nowhere else.
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A dynamic equilibrium exists between the stream and marsh
ecosystem; their respective water tables, infiltration rates and dis-
charge properties interact to provide, preserve and supplement the
water requirements of each other. They have surface and ground-
water storage capacity to even out peak flows and augment low flows.
Marshes trap sediments from the erosion of the watershed and pre-
vent them from entering the stream, thus improving water quality and
alleviating the deleterious effects of sediment on stream-dwelling
organisms. Because they are areas of intense microbial activity,
marshes often aid in reducing the effects of water pollution, particu-
larly that type involving such nutrients as phosphates and nitrates.
Therefore, marshlands act both as physical filters for sediment and
biological filters for excess nutrients.

The floodplain is also an important part of the stream ecosystem
during flooding conditions. It absorbs a great amount of water and
retains sediment that would otherwise wash into the stream channel
and reduce the water carrying capacity of the stream. A stream
generally meanders back and forth across its floodplain, thus, itis
important that this area be maintained in order to allow the natural
shifts in stream structure to occ:ur.41

It is these natural conditions together with shape of the channel
of a stream, the roughness of its bed, the diversity of patterns of its

current, and its interrelationship with the vegetation on its immediate
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banks that produces a set of conditions to which the stream ecosystem
evolved ove.r time.

There are numerous other important physical and biological
factors which affect the productivity of the stream ecosystem. Cover-
age of all these factors is beyond the scope of this report. Instead,
th§ attempt here has been to point out some of the more important
factors toward which laws and administrative acts protecting the
aquatic enviropment must be aimed.

In the following section some additional physical and biological
factors affecting the productivity of lakes and reservoirs will be dis-
cussed to complete the preliminary material for the subsequent
section on the types and extent of man-made intrusions on natural

streams, lakes, and recreation reservoirs.

2. Lakés and Reservoirs

Liakes and reservoirs vary greatly in their productivity. Many
of the physical and biological factors which affect the productivity of
streams apply also to the productivity in lakes and reservoirs. Ade-
quate habitats for invertebrate production, spawning areas for repro-
duction and protective cover are as important to lake and reservoir-
dwellihg fishes as they are for stream-dwelling species. Whereas
flé)w was stressed as an important controlling factor in stream pro-
ductivity, in lakes and reservoirs the somewhat related factor of

water level fluctuation has a profound effect on productivity. This
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section will discuss some of the effects of water level fluctuations,
the importance of littoral areas to the overall productivity of lakes
and reservoirs, and some of the downstream effects of reservoir

operation on floral and faunal communities.

a. Lake and Reservoir Level Fluctuation

Fluctuation of water levels within lakes or reservoirs may occur
due to natural or man-made causes. Withdrawals of water for irriga-
tion, domestic and industrial purposes or inputs due to natural runoff
can create significant changes in water levels. As a result of these
natural and man-made causes, water levels may fluctuate on a daily
or a seasonal basis. The amount of horizontal fluctuation, which is |
particularly important ecologically, varies with the size and shape of
the impoundment.

The area and depth of lakes and reservoirs are primary factors
in determining their relative productivity. In general, large areas
and great depths are associated with lower produc’civity.42 Relative
to the production of any species of fish, there is an optimum size for
a lake or reservoir and water level fluctuations can have a profound
effect on this factor.

Although the environmental effects will vary with the amount,
rate, and pattern of releases and inputs, water level fluctuations will

affect the flora and fauna, may interfere with recreation, and be
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esthetically undesirable. But, by no means are all the effects of
water level fluctuations negative, as will be discussed.

- Water level fluctuations can be detrimental to the littoral and
riparian flora of lakes and reservoirs. The vegetation which cannot
tolerate inundation will be replaced in places by more tolerant vege-
tation, a change which may be important if the new species are less
desirable than the old. Production of essential aquatic plants in
littoral areas is only possible when fluctuations in water levels is
slight,43

Fluctuations mean a changed habitat for.wildlife and other fauna,
with perhaps a critical loss for some species and a gain for others.
With the change of habitat will come a change of the organisms within
the affected ecosystem. A study on Scandinavian subarctic lakes
showed that a very high proportion of the bottom-dwelling fauna is
eliminated when the water level is fluc’cuatingo44 Ultimately, an
altered, very sparse bottom fauna consisting of a few species develops
in the zone where fluctuation occurs. Fluctuations in the water level
of lake and reservoir littoral areas may destroy the conditions for the
reproduction of fish and other organisms and -reduce the area of their.
summer feeding. grounds.

From climate and water temperature data, the period of fish
spawning can be predicted, but the spawning period varies for different
fishes and reservoirs may have several species. The operation pat-

tern of most reservoirs will allow the water level to be maintained
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during the spawning season or quickly dropped to a favorable level.
Spawning of some warm and cold-water game fish species normally
takes place at shallow depths close to shore. A drop in levels expos-
ing the eggs during this period would kill the hatch. Therefore, levels
should be kept steady during the spawning season of important game
fish. )

Lowering of lake levels in late winter months to provide a catch
basin for the heavy spring runoff may strand fur bearing mammals
between ice and Water.45 Rapidly rising waters in the spring can be
detrimental to the breeding of aquatic birds. Within lakes and reser-
voirs containing cold-water fisheries, stabilization of lake levels and
control of run-off is especially desirable from the fish and game point
of view.

Lake and reservoir fluctuations also affect recreational and
esthetic experiences of the users. Generally, drawdowns impair the
quantity and quality of recreational opportunities. Level fluctuations
make it difficult or impossible to move boats across exposed mud
flats and fishing from the shoreline may be severely restricted. Such
esthetic and accessibility factors should be considered in the timing
and extent of man-made fluctuation in lakes and reservoirs. From
the foregoing, the adverse effects of water level fluctuation may
depend more on timing and duration of the fluctuation than upon the

degree as measured in vertical feet.
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The preceding is not to imply that all level fluctuations are
necessarily detrimental. Lowering of the water level of a lake with
the accompahying reduction in water volume and surface area affects
all parts of an aquatic habitat and all components of the animal and
plant communities that inhabit the water. Availability of plant nutri-
ents in the bottom soils can be increased by proper management of
water levels., Aeration of bottom sediments helps to keep nutrients in
the food chain. Exposure allows rapid and complete oxidation of the
bottom sediments while increasing the process of decomposition Wh'ichﬁ
releases fertilizing substances to these soils. Lantz46 reports good
success in vegetation control and subsequent improvement in fish pro-
ductivity using level fluctuation methods. There'is also evidence to
show that level reductions may be responsible for the spreading of
certain kinds of plants, as they gain a root hold in parts of the lake
when the level is down that would ordinarily be too deep for them.47

RégulatiOn of water levels can be a valuable tool in fisheries
management. This appears to be a particularly useful management
technique for warm-water species. The fact that warm-water fishes
vary in 1:{he‘1r responses to biological adversity and prosﬁerity is the
key to the effectiveness of water level fluctuations in fisheries man-
agement.4? Reducfcvions in \vlt;'ater levels crowd’: \fis<h ;o.they»arerforced
from protectiop of rooted vegetatioﬁ and:shallow wéter dvebri's:into the
open \::vater"of the lake where fhey areﬂ Subjéct to prédation from
larger fish and other préda;:ors.:‘vT‘klil‘iéim.aiteriéllky{ réduces the
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population of smaller fishes without greatly reducing numbers of the
larger ones. Level manipulation is less effective for cold-water
fishes in lakes and reservoirs, as these fish tend to remain in the
deeper waters.

Controlled level fluctuation can be used to advantage in the feed-
ing of fish and wildlife. The water level may be reduced somewhat
prior to waterfowl migration and feed grains planted in wildlife
sanctuaries around the periphery of lakes and reservoirs. Water
levels are then raised to flood the planted areas to ensure a food crop
for the migrating waterfowl and other wildlife. When the supply of
fish food is low, an increase in lake or reservoir level may provide a
new supply of food from the newly inundated areas.

Employed without discretion, water level fluctuation may be
deleterious to the overall productivity and »recreational potential of
lakes and reservoirs. On the other hand, with sound application, it
may be one of the most effective tools in fishery and wildlife manage-

ment.

b. Littoral Areas

Littoral or marsh areas play an important role in the ecology
and productivity of lakes and reservoirs. The littoral zone extendé
from the shoreline lakeward to the limit of rooted aquafic plants.

Due to the influence of the sun's rays, the littoral area is gener-

ally the most productive zone in lakes and reservoirs. Littoral areas
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provide important habitats for the feeding and reproduction of numer-
ous species of fish, mammals, and aquatic birds which inhabit these
waters. They have great capacity for taking up water during wet
periods, providing a biological filter for removal of silt and nutrients
and gradually releasing clear water during periods of drought. For
these reasons, streams and lakes that originate or pass through
extensive littoral or marsh areas show less turbidity and have a more
constant flow than those which are dependent on immediate surface

50
runoff.

c. Downstream Effects Caused by Water Impoundments

The effects of water impoundments a're not confined to the
impoundment itself, But extend to the biota of lower streams, lakes,
and eétuaries, as well as adjoining riparian communities and to the
‘ géneral esthetic values of the watershed. Elimination of flooding has
had major adverse effects on many marshes, estuaries, and on
riparian vegetation which are dependent on periodic flooding. For
example, reduced flows below large dams on the Trinity River in
California have had a profound effect on the ecology of the watershed.
Prior to resérvoir develoi)ment, annual freshets washed away
accumulated sedirnénts, cleansing the salmon spawning gravel beds
and retarding the growth of streambottom and riparian vegetation.
F(S‘llowing cohs;cructién of the dams, the river has become a delta for

the dépb sition of sediment from uncontrolled tributaries.
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Dams act as barriers to the upstream migration of anadromous
fish., Various techniques have been used to mitigate the effects of the
barrier such as fish hatcheries below the dam and ladders to trans-
port fish over and around the dam. :‘However, fish ladders . are some-
times unsuccessful. The fish may fail to use the passes if they are
not stimulated to enter or leap at the right place.. They are attracted
to the point of greatest discharge or impact of falling water, and they
often try futilely to leap over obstacles they cannot clear while ignor-
ing passes that they could more easily negotiate because the correct :
stimulus is absent.

If the fish are éuécessfully transporté.d ox;er thé daﬁ, £hé }ouné
downstream migrants sémetimes are unable to fiﬁd the’ir &éy Ba;:k
thrbugh theb nearly’still waters of the reservoira Mar‘l}.r.dox.x;nrs‘tlr'earn
migranﬁé norkmarlly ’t”ravel neér the boftom, é‘s this h‘é.bj'ﬂv: tai<es thérﬁ
safely over Watérfalls a1;1d through natural lakés. In ;cm i?npoﬁndment
the deep‘iest water ié usua11>y kjﬁst upstféam éf the dam andw there is no
bottom slope lebading ’urp to the outﬂow; th‘efe‘fore., ,yo.uil;lg fish teﬁd to
get straﬁded inb‘the are.a just uf)stream of the damb. 53 W’ilerbe the |
irnéoundment includes hydroélectric generatir;g facilities, thei'e can
be significantfingerling mortality in downsfream pas.’sa‘ge through the
turb;meso

Knovvlle;c‘lgve of the poténtial em}iroﬁrﬁenfal .irnpac‘:t‘s of rewleases is
critical for‘the propver oéeration of a reservvoir-. ‘Reservvoirs, as With

lakes, develop temperature stratification during the summer months
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with a sun-warmed surface layer, the epilimnion, and a colder,
hypolimnion layer below. Releases from the cold hypolimnion layer
can shock the-fishery below reservoirs, eliminating or preventing
reprdduction. In some cases, it can maintain a good cold water
fishery below reservoirs. These temperature effects may be miti-
gated by the use of variable level discharges from the dam, or with a
discharge of mixed water to achieve optimum temperature.

Water flowing over bspillways can cause a gas bubble disease in
fish called 'mitrogen narcosis'’. Nitrogen gas from air dissolves in
the falliﬁg water producing a Supersaturated condition of the gas within
the water below the dam. This dissolved gas is extracted from the
water by the fish and enters their blood and tissues. Lower water
preséure or higher temperatures cause the dissolved nitrogen gbas to
return to a gaseous state which produces bubbles that can block the
blood vessels of fish.

Controlled reservoirs have various types of annual cycles of
water releases. These cycles may be only remotely related to cycles
of rainfall and runoff and perhaps not at all to the life history of fishes.
Altsrations in the titning and magnitude of flows have a great potential
for causing environmental disruptions below reservoirs where parfiéu-
lar patterns are important to the flora and fauna. Reservoir operators
must be cognizant of these requireménts if some semblance of a

natural state is to be maintained below reservoirs.
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Part B. Man-made Intrusions on Streams, Lakes and Reservoirs

1. General Effects of Alterations in Streams, Lakes and Reservoirs

In the previous sections of this report some important physical
and biological factors have been discussed relative to their effects on
the productivity, and hence, the recreational and esthetic potential of
streams, lakes, and reservoirs. This chapter will discuss some of
the ways in which man-made intrusions have in the past, and continue
presently, to alter these ecosystems.

Man has now acquired the knowledge and technology that enable
him to alter or completely destroy in a short period of time what has
developed over a great many years. Unfortunately, he rarely con-
siders his inability to repair or duplicate it. Nonetheless, in this
second half of a century in which man probably has done more to alter
his environment than in any previous millenium of history, man is at
last beginning to appreciate some of the adverse consequences of his
actions.

Any human interference with a water course is likely to alter
the important environmental factors discuss<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>