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ABSTRACT
SMALL WATERSHEDS
By
Cliff R. Seppanen

Small watershed parameters are evaluated for their
contributions toward a realistic definition of small water=-
sheds. Hydrologic performance 1s selected as reflecting
all the parameters in a working definition. The scope,
results, applicability, deficiencies, and problems of small
watershed research are examined. Small watershed hydrology
is compared to that of large watersheds, and five general
approaches for estimating runoff are evaluated. Policy
formation is reviewed in terms of political maneuvering
and citizen action. Basic water rights and water laws are
traced. The special problems of urban watersheds are dis-
cussed. And, the financing of, deficlencles in, incentives
for, objectives and methodology of, and the responsibilities
for planning, developing, and managing small watersheds are

studied as means for implementing policy.
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INTRODUCTION

Conslder the small watershed. It 1s probably the most
thoroughly researched, the most widely written about, and the
most closely observed unit in water resources, which is logical
since the small watershed forms the foundation of water re-
source development. Individually, small watersheds generate
the surface runoff and ground water supplies that feed rivers
and streams; collectively, small watersheds make up the major
and minor river basins, each contributing its unique charac-
teristics to the aggregate of basin resources. Any change in
small watershed conditions effects a proportional change in
the river basin regimen.

As an object of experimentation and research, the small
watershed has been studied in depth; it has been surveyed,
photographed, gaged, calibrated, synthesized, modeled, burned,
denuded, eroded, plowed with and against the grain, sodded,
cropped, reforested, paved, and even held pristine. It has
been legislated upon. Yet, despite this massive research
endeavor, the small watershed remains the unknown quantity
in water resource development. The range in performance and
in water yleld and in response to treatment 1s as infinite
and as unpredictable as the causal variables. Consequently,
the small watershed defies sweeping, all=-inclusive general-
izations and all but the simplest of categorizations.

1
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As an instrument in the decision-making process, the
small watershed is curiously neglected. Considering that it
bears the brunt of the research drive, that i1t has a pro-
pensity for public action at the local level, and that 1t
has a susceptibility to management practices, the small
watershed is conspilcuously absent from the broad policy and
pPlanning spectrum. The recent emphasis on comprehensive
planning threatens to completely subordinate small water-
sheds. This induced identity crisis leads to a needlessly
fragmented, haphazard, and sometimes negative approach to
small watershed activity.

To review current thinking on small watershed problems
and to complle pertinent guldelines for policy makers,
Planners, designers, and administrators, four categories
were set up for study: 1dentification, research, hydrology,
and policy, the latter category covering politics, planning,
development, and management. These categories are highly
inter-related and cannot be completely isolated. This
results in a degree of repetition in order to maintain
continuity. Attempting a comprehensive review precludes
in-depth discussions on any given topic.

In studying small watersheds, several disciplines are
encountered where specific references to small watersheds
are not made in the literature, although the subject matter
18 relevant to small watershed work. The water quality and
waste disposal phases of research, national politics and

legislation, water law, water rights, and comprehensive
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Planning are toplcs embracing general principles that can be

applied to small watersheds.



CHAPTER 1

IDENTIFYING THE SMALL WATERSHED

The initial problem encountered in studying small
watersheds 1s defining and identifying the subject.
Apparently, everyone knows intuitively how to describe a
small watershed: 1t 1s - well, you know, a small water-
shed. The term seems self-explanatory, and has become 8o
commonplace that few authors go beyond titling their work
as something dealing with small watersheds and throwing
out an acreage in theilr introductory remarks to substantiate
this usage.

Under this format, the small watershed is difficult to
Pin down. For example, PA 566 of 1954 sets the upper limits
of a small watershed at 250,000 acres. The American Soclety
of Civil Englneers defines small basins as dralnage areas of
up to 128,000 acres in extent.1 The U. S. Bureau of Public
Roads 1imits the small watershed to a more modest 20,000

acres.2 Wisler and Brater suggest 6,400 acres.3 The Soil

1ASCE, Hydrology Handbook, 200

2U. S. Department of Commerce, Peak Rates of Runoff
from Small Watersheds, 28

3c. 0. Wisler and E. F. Brater, Hydrology, 248
4
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Conservation Service has reduced the small watershed to a
mere 2,000 acres.4

If a small watershed covers 2,000 acres, it cannot also
extend over 20,000 acres, or 128,000 acres, or 250,000 acres.
Arbitrarily setting a limiting acreage on small watersheds
has muddied rather than clarified the waters.

What, then, 1s a small watershed? At what point does
the small watershed become a river basin? (If the PA 566
criteria 1s adopted, more than 25 river basins in Michigan
are technically small watersheds.) How do you recognize a
small watershed? An adequate small watershed definition
should satisfy a number of conditions: it should be uni-
versally applicable; it should be phrased in easlily measured
and understood watershed parameters; it should be flexible
enough to incorporate new research discoveries; it should
be sufficiently concrete for ready inclusion in legislative
measures; and 1t should be logically derived rather than
randomly adopted. Current small watershed definitions were
formulated to meet the needs of the agency adopting them.
The inevitable results of this approach are unrealistic and
confusing variations within a single definitive parameter.

Watershed parameters fall into two major classes:
natural and cultural. Under natural parameters, geometry,
geology, and geography are the main subdivisions. Cultural

parameters can be loosely broken down into land use, political

4U. S. Department of Agriculture, A Method for Estimating

— | —— — S—————



6
subdivisions, ownership, and special interests. Most small
watershed definitions try to incorporate one or more of these
parameters. Size, the most easily determined of a watershed's
natural features, does not provide a reliable working defini-
tion. The other parameters, both natural and cultural, will
be briefly examined for thelr definitive potential.

Geographic features are altitude, latitude and longitude
(or location), and orientation. Climate is a function of the
geographic parameters. These factors play an important role
in determining the hydrologic behavior of a watershed. They
are easily established, but they are rigidly fixed, and with
the possible exception of weather modification, they cannot
be managed. Geographic parameters are not descriptive enough
to base a small watershed definition on.

Another grouping of geographic features 1s found in
surface features: so0ll and vegetative cover. These are
readlly observed parameters, but unlike the stable features
of size, location, and orientation, surface features may
change over night due to natural or cultural causes. Further-
more, the range of surface features on a given watershed may
vary from bare rock to dense forest cover and attempting to
describe small watersheds using this parameter would reduce
small watersheds to even smaller minli-watersheds.

Geologic features include such diverse items as under=-
lying strata, surface formations (hills, valleys, outcrops)
glaciation history, and surface and underground dralnage

patterns. The first problem with using these parameters in
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small watershed definitions 1s the difficulty in determining
them. Nor are these parameters flexible. Barring cataclys-
mic upheavals, geologic features change with the excruciating
slowness of the natural erosion processes. Geologic param=-
eters may be consistent throughout a drainage basin or may
vary drastically on a few=-acre tract. Thelr variability and
undeterminability render them unsultable for defining param=-
eters.

Taken together or singly, natural watershed parameters
are generally descriptive, subJect to precise delineation,
and easlly measured. Most natural parameters are readily
identified and understood by the general public. On the
other hand, consistency and universal applicability are not
assured. Rellable correlation among the various parameters
i1s unlikely and meaningful statistical comparisons would
require a complex reduction-to-common=-factors system.

The second broad category of watershed characteristics,
cultural parameters, are those man has superimposed upon
the natural features, creating, for all practical purposes,
artificial watersheds. In contrast to the well-defined and
stable natural parameters, the cultural categories tend to
be capricious and often imaginary aids to functional opera-
tions: political boundaries, administrative districts, real
estate subdivisions, and planning units.

Cultural features may be logical, practical, and even
necessary convenlences, but each governing agency, each

manager, each subdivider, and each planner 1s free to draw
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his own boundaries subject only to local restrictions which
vary from township to township, from county to county, and
from region to region. A typical drainage district map shows
the absurdity of defining a watershed in political adminis-
tration or surveying terms. Water cannot respect political
boundaries; the only imaginary lines it observes are contours.

Cultural features may also be studied through land-use
patterns. Under this system, watersheds may be wild, rural,
suburban, or urban. A wild watershed i1s one that has escaped
man's handiwork, except for his infrequent trespasses for his
recreational pursuits like hunting or hiking. Rural water-
sheds are wlld watersheds that have been tamed for forestry,
agriculture, or organized recreation. They are sparsely pop-
ulated, yet show the marked effects of man's presence:
clearing and bullding. The suburban watershed retains some
natural features but these are rapidly being eradicated by
the process of urbanization. The urban watershed, except for
an occaslional park, has lost any resemblance to its wild
cousin. It 1s densely populated, paved, and polluted. The
degree of watershed deterioration in the form of urbanization
can be established visually from aerial photographs or in the
field. But land use, aside from 1its cataloging function, is
not an adequate parameter for identifying a small watershed.

Ownership, like land use, can better be used for describ-
ing rather than for delineating the extent of small watersheds.
An entire watershed may be owned by an individual and held

for private use. Private ownership might differentiate a
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small watershed from a river basin as it 1s unlikely that a
single owner would acquire an entire basin, but there 1s no
guarantee that a small watershed will be individually owned;
it may be held by the government as a part of the public
domain or as state or national forests or parks. Watersheds
may also be under corporate or municipal ownership but the
most likely case for both large and small watersheds 1is a
conglomerate of owners representing all three classes.

Special interests are responsible for most watershed
actlvity, and the extent of the watershed involved will vary
with the activity. A watershed for upstream conservation
protection or stabllization works would be much smaller than
the watershed involved in a downstream flood control project.
Likewise, there are optimum watershed sizes for developing
and managing which will be independent of natural parameters.
In all probability, such watershed areas will conform to
political boundaries. Special interest groups will seek to
maximize certaln watershed parameters to the exclusion of
others. The problem with defining a watershed in specilal
interest terms is that they are mutually exclusive and the
limits for one group's needs would be restrictive to another
group. Under the special interest format, a watershed could
be defined to include a certain area, a specific soil type,
a predetermined population, or any number of variables, none
of which are sufficlent for defining a small watershed.

Cultural watershed parameters provide no better defini-

tive base than do the natural parameters. They are useful for
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descriptive or inventory purposes. They are subject to change
at will and while such changes might substantially change the
watershed's behavior, the parameters themselves are too ambig-
uous and too arbitrary to be satisfactory for defining small
watersheds.

The only remaining alternative for defining a small water-
shed lles in its performance or its function. Definitions can
be phrased in terms of how a watershed reacts to changing con-
ditions. The primary watershed function 1s water production;
in this sense, the watershed becomes a catchment area and a
hydrologic performance parameter 1s suggested. Many hydrolo-
gists consider a small watershed to be one on which the runoff
characteristics and the resulting hydrograph are determined
by overland flow rather than by flow in the river channel.
Seemingly simple, this definition actually integrates most of
the natural and cultural parameters previously rejected as
being non-definitive in themselves. Runoff is determined to
various degrees by watershed size, location, geology, surface
features, land use, season, and precipitation. Hydrographs,
in turn, are derived from runoff. Consequently, a hydrologic
definition subtly includes both natural and cultural parameters.
It can be universally applied without complicated adjustments
to the independent variables. The end result - performance =
is the limiting factor.

There are problems with a hydrologic definition, however.
It 1s not as definite as might be desired for legislative use.
Determining a hydrograph i1s not a task for the layman; it 1is
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a technical problem that requires both hydrologic expertise
and englneering Judgment. It requires a detalled description
of the watershed, and i1t is helpful, but not necessary, to
have hydrologic measurements on rainfall and stream flow.
Yet, in spite of these somewhat rigorous requirements,
hydrologic performance 1s the most effective method for
separating small watersheds from large watersheds and river

basins.



CHAPTER 2

SMALL WATERSHED RESEARCH

Realistic watershed development and management is de-
pendent upon realistic watershed research. Research can
provide pertinent background data that is essential for plan-
ning. It 1s not sufficient to have an accurate description
of a watershed. The most thorough tabulation of watershed
parameters remains a mere inventory without the related re-
search results required to establish performance predictions
based on the complex interactions of the parameters.

Research should be conducted to fi1l1 the gaps in the
knowledge of watershed parameters and their functions. Water-
shed research can be Jjustified only if a new and widely appli=-
cable truth 1s discovered or if an accepted dogma 1s either
reconfirmed or refuted. In order to accumulate meaningful
results, the complete physical make-up of a watershed should
be understood and the watershed should be completely instru-
mented in order to chart all water movement and storage.
Finally, research should study quality aspects in their
historical and environmental connotations.

The thrust of most past research has been on sampling
specific watersheds, then superimposing the results on

12
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watersheds having reasonably similar climatic and physiographic
parameters. No matter how similar two watersheds may seem,
however, each will have individual conditions and problems
which are not duplicated and therefore cannot be leglitimately
studied on another watershed.

The ultimate objective of research in surface water
hydrology 1s an understanding of the physical processes in-
volved 1n the phenomenon of runoff from the time the raindrop
hits the surface of the ground to the time it 1is available for
use. Hydrologic research shares with other segments of water-
shed activities a joint interest in precipitation, water use,
infiltration, aquifer recharge, water quality, and flood flows.

Research in surface water hydrology supplies data for the
designers and operators of systems controlling, utilizing, or
disposing of surface water. The principal stimulus for hydro-
loglc research 1s 1n the continued expressed need of those
engaged 1n water resources work.

In reviewing past research reports, the most successful
watershed research in terms of predictive applicability and
rellabllity appears to be that which relates structural or
land-use techniques to reducing sedimentation. Measurements
on stream loads before and after conservation practices are
installed are easily and reliably measured. The cause and
effect relationships are directly tied together without being
influenced to any appreciable extent by watershed parameters.

The effects of applying similar conservation measures

to changing peak discharges are not so easily determined.
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When the research effort turns from quality to quantity, all
the uncertainties and vagrancies of the hydrologlc cycle are
encountered. Measuring the effects of watershed management
on water yleld, for which peak discharge is an upper envelope,
involves the combined effects of precipitation, soll moisture
content, season, soll structure, geology, solar energy, ground
water levels, and climatic conditions, all of which are more
significant in determining water yleld than are conservation
measures.

A third area of research delving into land=-use changes
has been evaluating the downstream effects of upstream
protective works. Here, the dominant role is taken by such
factors as channel storage, overland flow, surface detention,
dralnage density, basin geometry, and the storm pattern, while
surface measures have only a minor influence on runoff or on
downstream flooding potential. It 1is difficult to outline the
sphere of influence of a watershed as watersheds are not self-
contalned entities and what is done to one willl affect the
adjacent watersheds. Just how far downstream the consequences
of management on a given watershed can be carried has not been
established by research. To complicate matters, all the
variables listed under water yleld investigations are active
in and must be considered in evaluating upstream = downstream
relationships.

Water-related problems center about man - his knowledge,
or lack of 1t, his institutions, and his objJectives. Most

watershed research has studied the water resources rather than
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the role these resources play in the socio-economic system.
Granted, the study of water resources cannot employ traditional
economic analysis because of valuation problems, institutional
constraints and uncertainty. A group of economists working
under Kneese have attacked the economic problem but there has
been virtually no research attempt to correlate the signifi-
cant systems of organized soclal action dealing with water
resource development and management with the dynamics and
interactions of these systems. As the demands upon a fixed
water supply increase, an understanding of the mechanics of
social systems 1s going to be vital in securing adjustments
in water uses.

In surface water hydrology, three areas that should be
considered as high=-priority research areas are: studles of
stochastic hydrology, applied research needed to provide
reliable and practical methods of extending observed data to
encompass the variability existing in hydrologic events, and
methods to develop synthetic hydrology for the many areas
where hydrologic measurements are not avalilable. The aggre=
gate investment in small structural works far exceeds the
cost of the major water developments. Of particular need in
small watershed research 1s a means for generallizing stream
flow records and for better methods of analyzing and present=-
ing results. Ephemeral streams are often the only source of
water supply in arid and semi-arid watersheds. Research must
develop general relationships for estimating runoff, water

losses, and recharge in these regilons.
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Neglected areas in watershed research, in addition to
surface-water hydrology, include ground water research, water
quality research, the soclo=-economic spectrum, the patterns of
precipitation that produce small-area floods, and understanding
the thermodynamics of the hydrologic cycle. But the most
glaring research gap 1s in the fileld of urban hydrology where
until a year or two ago there was simply no research being
done. The direction of research on small experimental water-
sheds has been toward agriculture, forestry, and wilderness
preservation, none of which are remotely related to urban
watersheds whose streams are little more than open (or en=-
closed) sewers, and whose open spaces are vast impervious seas
of asphalt and concrete.

In April of 1969, the American Society of Civil Engineers
published "Basic Information Needs in Urban Hydrology," which
with 1ts 1968 predecessor, "Urban Water Resources Research,”
identifies the major problems in urban hydrology and recommends
studies and research projects for their solution. Among the
sallent recommendations were: all aspects of water resources
research should be prosecuted concurrently with provisions for
ample inter-communication and feed-back; the need for a national
research program directed by a central body to stimulate, co-
ordinate, and undertake urban water resources research; the
acquisition of rainfall-runoff-quality data should be started
as soon as possible to develop inputs sultable both for future
use and for current management and operation of water works;

and existing mathematical models for simulating the rainfall-
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runoff-quality process should be continually tested and up-
dated, starting with the meager data now available.

The recommended research plan begins with several pilot
installations for measuring hydrologic events on catchments
of about 50 acres in size being set up concurrently with model
development and the analysis of time and space variations of
rainfall. Subsequent phases include establishing a national
data collection network, setting up regional models, defining
regional storm patterns, developing storm dralnage criteria
for planning, design, and operation of facilities, and pro-
viding guidelines for local Jurisdictions for operating existing
facilities. Under this research format, potential benefits
can be obtained in the comprehensive, multi=-purpose develop=
ment of urban water on a scale greater than that realized for
river basins.

Water and Metropolitan Man, a research conference co-
sponsored by the Engineering Foundation and the American
Soclety of Civil Engineers in August of 1968 listed eleven
areas where urban research was needed: 1in communications,
planning, social impact, management, legal and institutional
aspects, regulation, data needs, precipitation, detention
storage, design problems, and systems analysis.

Among the most critical research needs are determined
efforts to find means and ways to link engineering systems to
social systems 1n research designs. The goal is to learn how
elements of engineering systems affect, relate to, or interact

with elements of the social system. Research collaboration
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between social sclentists and engineers should be directed to
the following questions and needs:

1. How legal systems relate to and affect both engineer-
ing and soclal systems.

2. A rigorous definition of the responsibilities of each
segment of the public and private decision making arenas.

3. Ways to consolidate water resource administration.

4, Criteria for preserving engineering, safety, and
aesthetic values.

S. An understanding of motivating mechanisms.

To accomplish this, research will have to more clearly define
concepts, words, and terms, so they are mutually understand=-
able by social scientists, engineers, and other members of the
urban water resources team.

Water quality has become a pressing national concern.
Rapidly expanding populations require more of everything =
especially of good water. The greater the urbanization of
a region, the more pronounced 1s the interdependence of water
supply and waste disposal with the ironic results that local
water fronts become blighted, forcing municipalities to seek
water supplies from more distant sources as Detroit has had
to do.

The quality of water 1s influenced by usage, natural
pollution, urban and agricultural dralnage, solid waste dis-
posal practices, recreational activities, and even political
implementations. To date, most water quality research has

been directed toward determining whether or not water can be
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made sultable for use at a reasonable cost. It seems that
the research focus depends upon whether pollution by waste
disposal 1s imposing an external cost on subsequent users,
or is interfering with the optimum use of water resources,
or 1s threatening the well-being of certain groups.
A survey of current water quality research indicates that
deficiencies exist in:
l. improving treatment processes
. translating theory to design
. optimizing water quality management

2
3
4, developing stream use criteria
5. ground water quality management
6. 1improving marine disposal systems

7. storm drainage water quality

As 1s the case with most resources, accepted methods of
exploitation are not questioned until a crisis = shortage, low
quality or whatever - arises. Water research 1s seldom directed
to revolutionary concepts while tried methods seem to be work-
ing. This 1s especilally true 1n water quality where waterborne
waste disposal has been accepted as a fact of 1life. Only when
the public raises an outcry are researchers prompted into seek=-
ing remedial alternatives.

As an 1llustration of this public apathy problem, the
February 23, 1970 edition of Newsweek carried an article on
New York's Dead Sea, the site of the Metropolitan New York

Sewage Treatment Plant's sewage sludge dumping grounds for the

past 40 years. Suddenly, New Yorkers realized that they had
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a 20 square mile problem area 12 miles offshore. Why? The
dumpings were beginning to wash up on their sandy beaches.
No one was concerned that the dumpings had smothered seaweed
and other vegetation on the ocean floor, or that fish in the
area are afflicted with fin rot, or that mollusks taken within
six miles of the dumping ground are unfit to eat, except for
ecologists who are worried about the enormous quantities of
wastes being dumped into the oceans. The Sandy Hook Marine
Laboratory in New Jersey, after a fifteen month study, con=-
cluded that if waste disposal were stopped immedliately, it
would take at least ten years for the dead sea to regenerate
itself. This situation does have research implications:
waste disposal 1s of concern for small watersheds as well as
for metropolitan areas. Other methods of waste disposal are
little better than dumping at sea. Incineration pollutes the
alr. Converting sludge to fertilizer 1s not economically
successful. Clearly, research must develop an improved basis
for designing and implementing economical, esthetic and environ-
mentally safe methods of waste disposal, or if complete pol-
lution abatement 1s preferred, research must develop practical
new waste-handling techniques.

Considering that about 70 percent of precipitation is
lost to evapotranspiration, there has been little creative
research in this area. Research has tried to measure how many
inches of water plant A transpires annually, or how much water
is lost per square inch of leaf surface area when the need 1s

for research on managing precipitation in areas as diverse as
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weather modification, breeding plants that conserve water,
the effects of chemically treating plants and thelr growing
mediums to retard water losses, the timing of water applica-
tions, and, of course, continuing the most studied facet of
evapotranspiration, land-use management.

Recent trends in watershed research have seen economic
analysis become an integral element in the search for optimum
water utilization; cross-disciplinary research become the rule
rather than the exception; new disciplines developed using
computers and requiring precise definitions, clear and accurate
determinations of relationships, and specific quantitative
data; an increased emphasis on recreation, water quality, and
management of water-related land uses; the recognition of
political, administrative, and institutional factors as signi-
ficant causal forces, though the agencies which allocate water
resources and protect their quality need more research atten=-
tion; and a redefining of federal, state, and local roles as
exemplified in the Water Resources Research Act of 1964.

Studies of political and financial structures; engineer=-
ing problems and solutions; legal constraints, encouragements,
and deficiencies; operational and maintenance requirements,
and the time required to produce results through successfully
implemented urban water resource plans should be undertaken
to identify the common ingredients that can be used to expedite
all phases of water resource activity. Last, but not least,
there 1s a need for increasing the number of skilled profession-

als trained to carry on the research effort outlined above.
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How 1s a research watershed selected? To begin with,
the research team must have a research plan outlining their
goals. Watershed selection will depend upon many things: the
type of data to be obtained, the anticipated duration of the
research project, the accessibllity of the site, the ease of
installing measuring devices, the ease of altering watershed
parameters for study, and watershed stability, to name a few.
To maintain control over research watersheds, the research
Plan should provide for avolding unexpected ownership changes
during the study period. Other guldes for selecting research
watersheds suggest that geology and solls should be as uniform
as possible, not merely related, and that a single land-use or
management practice should prevail throughout the watershed.

There are two types of research watersheds: experimental
watersheds and representative watersheds. The essential dif-
ference 1n the two are the end results of the research effort.
The experimental watershed is chosen and instrumented to study
hydrologic phenomena = rainfall or runoff. On the other hand,
a representative watershed 1s Just what 1ts name implies: a
watershed chosen and instrumented to represent all watersheds
with similar features instead of making measurements on every
watershed. Experimental watershed research is aimed at discov=-
ering significant principles, relationships, and factors that
can be incorporated 1n prediction schemes, helping to answer
such questions as what will be the peak runoff from a water-
shed and how often can such a discharge be expected to occur?

With representative watershed research, data is collected
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which can be applied more or less directly to watersheds
where the data in question can not practically be gathered.

Watershed research is undertaken by many organizations,
but these organizations can be loosely grouped into four cat-
egorlies. Government agencles, educational institutions, cor=-
porations, and foundations, and private groups or individuals
may conduct or sponsor research. Many colleges and univer-
sities maintalin experimental stations for watershed research.
Notable are Utah State University at Logan, the University of
Illinois at Urbana, and Colorado State University at Fort
Collins. The United States Geological Survey, the Bureau of
Reclamation, the Soil Conservation Service, and the Army Corps
of Engineers are a few of the federal agencies that both conduct
and finance research. Varlous foundations and professional
Societies provide scholarships and research grants, in addition
to providing official organs for publishing research results.

Water Resources Research, published by the American Geophysical

Union, the Journal of the Irrigation and Drainage Division of
the American Society of Civil Engineers, the American Water
Resources Bulletin, the Journal of Forestry, and Agricultural
Engineering are several publications that carry research arti-

Cles relating to water resources, along with features on plan-

Ning, developing, and managing them.

The principal difficulties in applying research results
from one watershed to another seemingly identical watershed
lie below the surface in the area of poorly defined soil and

&eologic formations as they relate to moisture storage and
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movement. All too often, the soll moisture and ground water
are not measured, although they are important phases of hydro-
logic balances. The problem may arise from the initial selec=
tion of a watershed on which underground measurements are ex-
tremely difficult to perform. Considering the small size of
experimental watersheds, incomplete basic data can lead to
unscientific and unrellable results.

In addition to the problems in applying research results,
there are several problems bullt into the research effort it~
self. To begin with, hydrologic research, to be at all useful,
must extend over a number of years. Just to gather the basic
data prior to any experimentation takes a minimum of one year.
Financing small watershed research can be a problem which 1is
also related to duration. The lapse of time between project
implementation and meaningful results 1s discouragingly long.
To the sponsor, watershed research may seem an open-ended
effort.

Several factors complicate the staffing of research pro-
Jects. Duration again 1s a prime consideration. Only the most
dedicated scientists are willing to devote their time and tal-
ents to a single project extending over many years. The work
is not glamourous; it 1is rather tedious and repetitious. The
nature of hydrologic research tends to confine it to 1solated
areas, and once a research watershed is established, an indi-
vidual can adequately collect data. Then, too, qualified per-
sonnel are in limited supply. Finally, there is the problem
of applyling research data. After spending years to collect
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and analyze data, the research team may find that their re-
sults apply only to the research watershed from which they

were gleaned.



CHAPTER 3

SMALL WATERSHED HYDROLOGY

Small watershed hydrology is important for several
reasons: the definition of a small watershed developed in
Chapter 1 is phrased in terms of hydrolcocgic performance;
small watershed research 1s most likely to be centered about
some phase of the hydrologlc cycle; watershed planning, devel=-
opment, and management practices are applied to hydrologic
phenomenon; and, reliable results i1n any of these flelds will
depend upon sound procedures for evaluating the dependable
water supply. With increasing competition for water, and the
greater need to control storm runoff, the need for greater ac-
curacy 1n estimating water yields and peak flows becomes
crucial.

The primary hydrologic function of a watershed is gener-
ating water. Water yleld 1s determined by subtracting consump-
tive uses by vegetation, ground water underflow, and deep seep=
age from the precipitation falling on a watershed. Water yleld
1s subject to the random distribution of hydrologic events,
and all surface water development projects are subject to the
uncertainties inherent in these events. In the past, the de=
pendabllity of water resources has been based on records of
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stream flow using mass curve analyses, flow duration proce-
dures, or flood routing methods. Thls approach, while te-=
dious, 1s easy to follow and 1s easy to explain to the public.
The problems with this approach are that a duplication of past
events 1s all but impossible, the longer the period of record,
the more restrictive 1t becomes, and the difficulties in ap-
Plying data from one watershed to another. Stochastic hydrol-
ogy 1s a means of circumventing natural vagrancies through
manipulating statistical characteristics of hydrologic vari-
ables to solve hydrologic problems. Regardless of the ap-
proach, studies of hydrologic behavior are concerned with the
volume and the time-distribution of rainfall and runoff.

Precipitation 1s the most significant varlable in deter-
mining runoff. Precipitation may be either in the form of
rain or snow. Rainfall results from frontal activity or from
convection currents, the latter of which is of chief concern
in small watershed hydrology. Convective storms, usually sum=-
mer thunderstorms, are essentially local storms, covering
areas of 500 square miles or less. Small storms can be de=-
fined with a gage density of one gage per ten to twenty
square miles, and the point rainfall records so obtained can
be applied in designing small watershed hydraulic structures,
although point rainfall may not be adequate for predicting
areal rainfall because of the extreme variations in intensity
over a relatively small area. Rainfall intensitles are
generally highest at the beginning of a storm.

Precipitation varies with a number of factors, including
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temperature, geographic location, orientation, and season.
Precipitation depths will, to a certaln extent, increase with
altitude, and they tend to be greater in headwater areas than
in downstream areas due to the difference 1in elevation.

Precipitation data may be used in several ways. Point
measurement applications (inches of rainfall) have already
been mentioned. Recording stations produce mass curves, plots
of rainfall accumulation over time, which can be used to es-
timate rainfall distribution at non-recording stations in the
same general area. Intensity-duration-frequency curves can
be constructed for use in design procedures. For design pur-
poses, critical rainfall durations are related to concentra-
tion times of the watershed.

When converting rainfall to runoff, precipitation is the
independent variable. Ways in which it may vary include total
storm precipitation, basal area, maximum precipitation depths
at various time intervals, duration of the total storm rain-
fall, rainfall distribution (or storm pattern), and direction
of the storm's path across the watershed. Variables related
to the watershed itself include antecedent soil moisture,
vegetation crown spread, and watershed area, slope, and
length. From these independent variables, the dependent run-
off variables are peak runoff rates, total runoff volume, rise
time, lag time, and the duration of runoff.

Surface water hydrology deals primarily with the volume
and characteristics of runoff. Surface runoff results in a

measureable inflow to a channel system and has definitely
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expressed fluctuations in discharge. These fluctuations are
due to rapidly changing natural runoff factors: so0ll moisture,
humidity, evaporation, and precipitation. Research indicates
that peak runoff rates are most influenced by 1l5-minute rain-
fall depths. For short convective storms, runoff increases
as precipitation increases, and decreases as crown spread of
vegetation and soll moisture increase. A decrease of runoff
with an increase in soll molsture seems contrary to common
sense, but may be explained in having so0ll moisture condition
normally dry surfaces to increase infiltration rates.

Overland flow may result from infiltration rate limita-
tions even though the soll profile has unused storage capacity.
Typlcally, this comes about from high intensity storms or low
surface permeability. When surface solls become saturated,
infiltration rates drop due to increased capillary heads 1in
the soll profile. This type of runoff 1s typical of low-
intensity, long=-duration storms which produce only moderate
runoff.

Considering runoff as a simple mathematical expression
of precipitation minus losses, the problem becomes one of eval-
uation of losses: rainfall may be retained on vegetation and
never enter the runoff process; 1t may evaporate during the
runoff process; or, it may be retained in surface depressions.
Infiltration and evapotranspiration vary with time, moisture
content, porosity, and the permeability of the soll profile.

The general effect of natural surface storage is to delay

concentration times and to decrease peak rates of discharge.
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Watersheds differ greatly in thelr effective storage capac-
ities. Some may quickly fi1l1 thelr storage capacities while
others may never reach this condition. Interception, depres-
sion storage, and the soil profile provide temporary storages
with high uptake rates but with limited capacity. Such stor-
age retains water for later infiltration that might otherwise
become surface runoff. Infilltration rates, depression stor-
age, overland flow rates, ground water discharges, and soil
proflile storage will vary throughout the watershed. Of the
losses, interception, depression storage, and soil profile
elements wlll completely dominate shower and small storm
runoff and will also be prominent in the early stages of
runoff from large streams.

Precipitation which remains after deducting losses 1is
responsible for the observed flow at the outlet of a water-
shed. It 1s best described by a hydrograph. A runoff hydro-
graph 1s a graph of dilscharge versus time and consists of
base flow, a rising limb, a peak, and a recession 1limb, all
of which depend on watershed characteristics and on the run-
off producing storm. The ascending limb 1s determined by
both storm pattern and watershed characteristics, while the
recession 1imb 1s determined by storage depletion which 1is a
function of watershed characteristics only. The recession
curve begins when surface inflow to the channel system ends
and 1s derived from three types of storage: stream, surface,
and ground water.

A special form of runoff hydrograph 1s known as the
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unit hydrograph. It defines a unit storm having a total rain-
fall of one inch. The shape of the watershed is a direct in-
dication of the shape of the unit hydrograph. Also affecting
hydrograph shape are: size, slope, surface storage, drainage
density, soll mantle, vegetal cover, and sub=-surface drainage
zones. The normal variation in the unit hydrograph as the
dralnage area becomes larger 1s a lengthening of the time base,
a gradual increase in lag time, and a gradual increase in peak
flow. Steepening watershed slopes will increase both the vol-
ume and the rate of peak flow. If rainfall 1s uniformly dis-
tributed over the watershed, the concentration time will equal
the time to peak discharge, and a storm duration equal to the
time of concentration will result in the maximum rate of dis-
charge.

The hydrologic performance definition separated large and
small watersheds by the effects of overland flow on the runoff
hydrograph. Further comparisons of large and small watersheds
show that runoff per unit area decreases with an increase in
slze; that the range in differences in runoff-producing factors
on a small watershed at the beginning of any storm is small,
while for a large watershed composed of many small watersheds,
the runoff-producing factors may differ materially; and that
a change in a single runoff factor will significantly affect
small watershed runoff, but the net effect of a single factor
on the amount and the rate of large watershed runoff is small.

Watershed performance is strongly time oriented; a brief

thunderstorm will flood a small watershed but not a river
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basin, while a low-intensity rainfall extending over several
days will have the opposite effect. In the small watershed,
with 1ts large ratio of overland flow to channel flow, the
increased travel time due to lower veloclty overland flow has
an appreciable effect on the unit hydrograph shape. The chan=
nel system will modify the time distributions of inflows, de-
laying peak flows. Channel storage acts as a detention reser-
voilr and tends to flatten tributary peaks while stabilizing
the uniformity of malnstream hydrographs.

Because of the increased concentration times of large
watersheds, peak runoff rates are not affected by short, in-
tense rainfalls or by the time of occurence of intense rain-
fall with respect to the beginning of rainfall, and the cumu-
lative reactions to rainfall in the preceding days or even
weeks may be determining outflow. In the small watershed,
the outflow hydrograph is very nearly equivalent to channel
inflow hydrographs and the watershed!s reaction to rainfall
in the preceding 30 minutes will determine outflow.

These hydrologic differences, besides being useful for
defining small watersheds, have ramifications in hydraulic
design in that most of the procedures and formulae used in
estimating runoff from large watersheds can not be used for
small watershed problems. The many attempts, both theoretical
and experimental, to establish working rainfall-runoff rela-
tionships for small watersheds fall into five general types:
direct relationships, empirical formulae, hydrographs, infil-
tration theory, and statistical approaches.
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Direct relationships require measurements of both rain-
fall and runoff for a given watershed. The maximum average
rainfall intensities for each storm are plotted against the
peak runoff rates. As runoff-producing factors vary from
storm to storm, there 1s likely to be considerable spread for
runoff from a given rainfall. Maximum runoff will result when
801l moisture 1s high at the beginning of a storm, when vege=
tal cover is poor, and when peak intensities occur at the end
of a storm. Minimum runoff will result when soil moisture 1s
low, when plants are making rapid growth, and when peak inten-
sitles occur at the beginning of a storm.

Of the empirical methods, the rational method is the most
widely used. It 1s an empirical derivation of runoff which
takes into account rainfall intensity, ground cover impervious-
ness, and the watershed area. The method assumes that the
difference between maximum rainfall intensity and the result-
ant peak runoff can be expressed as a constant. This method
i1s the mainstay of most storm sewer design, but with the ex-
ercise of englineering Judgement, 1t can be applied to small
watershed runoff determinations. If the frequency of peak
runoff rates is taken to be the same as the maximum rainfall
intensity and as the maximum runoff conditions frequencies, the
peak runoff rates will be high. The rational method is par-
ticularly valuable for use in areas where no runoff measure-
ments are avallable.

The unit hydrograph for a storm occurring when runoff

factors favor maximum discharge would have a short lag time
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and a sharp peak. When runoff conditions are adverse, the lag
time will be longer and the peak flatter. This 1s due to the
lag time being dependent on overland flow velocities which
tend to be higher when runoff conditions are favorable. By
multiplying the unit hydrograph ordinates by the rainfall depth,
the hydrograph for any desired storm can be predicted.

The infiltration theory relates rainfall and runoff
through such factors as rainfall rates, transmission velocities,
infiltration rates, percolation rates, and soil moisture.
Other aspects of infiltration have already been discussed.

The weakness of this approach is in the variability of the
factors involved.

Probability studies determine peak runoff rates by inte=-
grating the frequency of occurence of various watershed con-
ditions with the frequency of occurence of various rainfall
intensities and storm patterns. To compute probability curves,
annual peaks are ordered and assigned recurrence intervals.
Peak rates are plotted against frequencies on probability
paper. A probability curve is reliable only if it 1is repre-
sentative of past performance and of future expectations.

If probability curves for large watersheds are to be ap-
plied to small watersheds, they should be corrected for dif-
ferences 1n rainfall factors between the two. Corrected peak
rates can be plotted against watershed size on log=log paper.
The areas of allowable application of the computed peak rates
must be limited to areas having similar physiographic features
to those of the gaged watershed.
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It 1s important to realize when assigning return inter-
vals for design purposes that a 10-year rainfall and 10-year
runoff conditlions are unlikely to occur simultaneously, and
in assuming that both events have the same recurrence inter=-
val, the designer 1s actually using a 100-year return period
for the basis of his design. This assumption results in
structures that are over-designed and in turn, more costly.

There are innumerable published methods for estimating
runoff. The Unlted States Geological Survey has developed
one; the Bureau of Public Roads has developed one; the Soil
Conservation Service has developed several; the Bureau of
Reclamation has developed one. Each method was designed to
meet the needs of the developing agency and may or may not

have wlder applications. Water Resources Research, Agricul-

tural Engineering, the Journal of Forestry, the Journal of

Hydrology, the American Soclety of Civil Engineers Journal

of Hydraulics and Journal of Irrigation and Drainage, are
contlnually publishing new variations on standard methods
for estimating runoff. The problem with most of these per-
mutations lies in thelr high degree of technical specializa-
tion and in their use of complex mathematical expressions
which render them useless for practical design problem
solving.

Urban watersheds are a unique class of small watersheds.
Hydrologlc losses on urban watersheds are no different from
those on natural watersheds: 1interception, depression stor=-

age, and infiltration. But here, all similarities cease.
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The hydrology of urban areas 1s complex and incompletely un=-
derstood. The process of urbanization brings about many
hydrologic behavorial changes. Generally, urban dralnage
systems include storm water inlets to capture surface flows
for transmission to the underground drainage network.

Most urban hydrology studies evaluate the effects of
urbanization on storm runoff - the increasing peak discharges,
and the decreasing lag times, with scant attention paid to low
flow changes. The sewage effluent discharged to small creeks
is directly proportional to the population increase on the
watershed. Sewage disposal into a stream will augment low
flows, but will degrade quality unless effluent treatment is
high. For some streams used for sewage disposal, only the
initlal flood surge becomes heavily polluted, and as the storm
runoff continues, 1t can be stored for future use. Streams
with flat gradients or with combined sewage outlets will re-
main in a polluted state throughout the storm duration, and
storm runoff must be wasted.

Urban drainage system design problems include accounting
for losses from the patchwork of pervious and impervious
areas, each of which contributes to the runoff process in a
different way, and the fact that individual runoff inputs must
be determined at each inlet and then must be routed and com=
bined in the sewer system. Most methods 1in general use for
predicting urban runoff merely supply a peak rate, while
knowledge of the entire runoff hydrograph is essential for
properly routing and combining inlet flows.
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Like those for rural watersheds, the response of the
urban inlet hydrograph to rainfall patterns is rapid and
slight changes in rainfall intenslity show almost simultaneous
changes in the hydrograph. Using unit hydrographs to synthe-
size total runoff hydrographs requires deducting losses from
the total precipitation to determine effective precipitation.
Depression storage losses may be accounted for with an ini-
tial deduction, and infiltration losses may be accounted for
with a constant=rate deduction during the remainder of the
storm. Hydrographs from successive time periods are then
computed and superimposed at appropriate lag times to form
the total runoff hydrograph from the urban watershed.



CHAPTER 4

POLITICS AND THE SMALL WATERSHED

Politics, according to Webster'!s Seventh New Collegiate
Dictionary, may be defined as the art or sclence concerned
with gulding or influencing governmental policy. Policy, in
turn, may be defined as a definite course or method of action
selected from among alternatives and in light of given con-
ditions to guide and determine present and future decisions.
Adapting thls general definition to small watersheds in more
specific terms, we have: small watershed policy refers to
actlion by the various governmental branches at the federal,
state, or local level that shapes the development and the
allocation of small watershed resources. As stated, the def-
initions of politics and of small watershed policy pose a
number of questions concerning the nature of policy formation.
For instance, who 1s responsible for policy formation? Who
guldes and influences the policy makers? Do the various
branches of government work with or against each other?

There are two viewpolnts to consider when creating func-
tional policles. First, there are the relationships between
individual actions in setting objectives, planning, implemen-
ting, and managing water resources. Ideally, there should be
a continuous flow and feed-back from area to area. Second,
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there are the motivations of the various units planning or
taking action. The conceptual purposes of the acting units
may be completely divorced from the anticipated individual
actions. Nelther viewpoint should be singled out as the
exclusive determinant in policy formation; rather, both view=-
points must be lntegrated in balanced amounts if policy 1is
to be effective.

The definition suggested for small watershed policy
divides policy formation into two categories: the develop-
ment of and the allocation of watershed resources. Both
spring from a common background of inlitial research and plan-
ning, but their objectives are quite different. Policles for
developing (or exploiting) water resources are aimed at in=-
creasing the quantities aballable for use, while policles for
allocating water resources are almed at metering a given sup=-
Ply among competing uses.

Policies for water development and allocation are pri-
marily concerned with the laws, regulations, and the adminis-
trative structures that enable groups and individuals dealing
with water to make thelr decisions. It is important to remem-
ber that the agencles responsible for developing and allocating
both ground and surface waters are generally self-supplying
farms, industries, corporations, and non-profit organizations.

In determining the direction of policies, prime attention
should be given to those elements that are most directly manip-
ulated to secure the desired ends. Instlitutional changes are

pPerhaps the most significant variables in water resource
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policy that are subjJect to control. The structure, function,
and performance of water institutions become means to achiev=-
ing objectives rather than objectives. Implementing water
policy requires the programming of water institutions instead
of programming the water resources themselves.

Basic water development policy, whether for river basins
or for small watersheds, 1s essentially a function of water
law, covering such topics as the riparian and appropriation
doctrines, water reservation for future development, the con=-
trol and treatment of pollution, establlishing and regulating
water institutions, and co-ordinating ground and surface water
development. Water law 1s primarily an extension of property
law and 1s concerned with the right to divert water for use
or the right to use water in place.

The power of the various levels of government to engage
in the control and regulation of water-related activities 1s
determined by the constitution. Federal water policy flows
from a gradually broadening interpretation of the powers del-
egated under the commerce clause. The federal government also
creates and administers policies involving international and
interstate relations through treaties and compacts. The con-
stitutional powers reserved to the states are the primary
source of water policy, the bulk being water law in the form
of elther legislation, administrative regulation, or Judicial
decisions. Although enabling legislation by the state govern=-
ments gilves zonlng powers to local governments who adopt or-

dinances affecting water use and control, most water law has
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been enacted as state law.

The three forms of water law are not mutually exclusive,
but are closely related. A statute, as enacted by the state
legislature, may be set up to accomplish one of several goals.
It may formalize a common law tenant, it may update an un-
reallstic common law rule, it may clarify an ambiguous com=-
mon law application, it may make an exception to common law,
or it may even supplant common law with a comprehensive set
of regulatory codes. Administrative regulation is the del-
egation of legislative powers to executive agencles with
technically oriented staffs who administer the law. Judicial
decisions are necessary because statutory and common laws
are not always explicit, may be contradictory, and may con-
tain oversights and ambiguities. In such circumstances, the
courts must determine the intent of the law makers or the
most equitable applications to litigants. The courts! de=-
cislons then become precedent for cases with similar prob-
lems.

Inherent in political maneuvering are several hazards
to sound water resources programs and policles. Political
pressures result from public decision making belng placed
in the hands of men who must rely on popular elections for
thelr status. Decisions on water resources involve issues
of value Jjudgments in addition to scientific and technical
determinations. Individuals, including Congressmen, have
motivations shaped by their backgrounds, their aspirations,
and the organization with which they are identified. These
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motivations result 1n personal value preferences that may or
may not reflect the interests of the people affected by their
decisions. Besides the political pressures for re-election
and of personal value preferences, there 1s a tendency for
decisions on unrelated programs to become politically wed by
trading support for other programs.

Hand=-in-hand with political pressure, and a by=-product
of 1t, 1s the pork=barrel phenomenon. The nature of the pork-
barrel phenomenon 1s the construction of uneconomical projects
whose sole function 1s to retaln the loyalty of the voters.
The project=-by=-project approach to water resources problems
1s ideally suilted to pork-barrel projects. Publlic works are
seldom the subject of party differences and are favored, 1if
not demanded, by constituents. A form of Congressional cour=
tesy exlists that regards as poor taste the public question-
ing of the economic Justifications for another Congressman's
project. The checks and balances don't seem to function in
this area; presidents recognize the political nature of Con-
gressional interests in pork-barrel projects and tend not to
oppose them. They can, and do, impound or decline to spend
all the funds allocated for pork-barrel proJjects.

Governmental agencies are not immune from political pres-
sure, but it 1s pressure of a different nature. Agencies have
differing objectives and as a result, they tend to reflect and
promote different values. They have, too, preferred solutions
that are not necessarily the most efficient means of reaching

project goals or of developing project resources. The



43
pressures in this case come from a universal characteristic
of organizations for self-perpetuation with its attendant
growth in power and prestige plus augmented status (and in-
come) for its workers. This growth tendency contributes to
worker loyalty as do selectivity 1in recruitment and the agen-
cy'!s soclalization processes. Instead of political pressure,
agency employees are subject to peer group pressure.

Sustained organizational growth has a detrimental effect
on decision-makers. When an individual is charged with the
sole responsibility for making decisions, he 1s likely to feel
a strong ethical commitment to the decision. When a decision
becomes a staff responsibility and is subject to hierarchal
review, the individual feels less responsible and becomes de=-
tached from the decislion-making process.

The most prominent phase of policy formation is the leg-
islative process. In Congress, specific areas of water re-
source activities are assigned to specific committees. 1In
each house, the Committees on Interior and Insular Affairs
are responsible for: 1irrigation and reclamation projects,
desalination, national parks wildlife and stream pollution
control, water=based outdoor recreation, collection of basic
data on surface and ground water, and the recent legislation
dealing with comprehensive river basin planning and watershed
research. The House and Senate Public Works Commlttees handle
the navigation and flood control programs of the Corps of
Engineers and the research and construction grant programs

for the water pollution abatement programs of the Federal
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Water Pollution Control Administration. The Banking and Cur-
rency Committees of both houses have jurisdiction over the
federal assistance programs for planning and constructing
public water supply and sewerage facilities. The House Agri-
culture Committee and the Senate Agriculture and Forestry
Committee handle the Agriculture Department's watershed pro-
tection program. Legislation on weather data and research on
weather modification by the weather bureau i1s processed by
the House Merchant Marine and Fisheries Committee and the
Senate Commerce Committee. The Senate Commerce Committee
would also handle legislation dealing with hydraulic research
undertaken by the Bureau of Standards. Finally, the Appro-
priations Committees of both houses play a significant role
in water programs of all agencies because they review the
Administration?s budget requests and make their own recom-
mendations for funding.

Despite this conglomeration of committees (1289 water=
related leglslative measures were introduced during the 89th
Congress and were referred to 13 House committees and 11 Sen-
ate committees), the fractionalized policy approach, and the
pork=barrel projects, Congress has passed some significant
water resources legislation. Of interest to small watershed
operations are the Watershed Protection and Flood Prevention
Act, and the Water Resources Planning Act.

Public law 566, the Watershed Protection and Flood Pre=-
vention Act, 1s an approach to solving local watershed prob=

lems. It was designed to bridge the soil and water conservation
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gap exlsting between the Soill Conservation Service's work with
the individual farmer on land treatment measures, and the Corps
of Engineers! large downstream dams. To qualify, a watershed
must be limited to a hydrologlic unit of less than a quarter
of a million acres (390 square miles). The most important
features of the act are:

l. Authorization of co-operative efforts by the federal
and state governments, individuals, and local communities to
solve flood prevention and watershed management problems.

2. Provisions for cost=sharing.

3. Provisions for co=ordination of watershed development
efforts.

4, Placing the initiative on the local residents and
landowners to implement the program.

S. Provisions for technical assistance by the Department
of Agriculture in planning and executing watershed programs.

1956 amendments significantly broadened the scope of the
act by:

1. Permitting the inclusion of non-agricultural purposes.

2. Raising the capacity limitation to 25,000 acre=feet
per structure.

3. Requiring plans and estimates for engineering eval-
uation.

4, Requiring cost allocations to various project purposes.

5. Providing federal payment of all flood prevention
costs.

6. Requiring local sponsoring organizations to bear a
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portion of agricultural water management measures and the
full costs of other measures, excluding flood control.

7. Assigning the local sponsoring organization the
responsibility for securing engineering services.

8. Making the act applicable to water users.

9. Making available S5O=-year federal loans of up to
five million dollars.

10, Exempting from review by Congress and other federal
agencles projects involving less than $250,000 in federal
costs and with no structures exceeding 2,500 acre=feet of
retention capacity.

1l. Eliminating the 45-day waiting period allowed for
Congressional review.

12. Extending the provisions to the non=-contiguous
states and Carribean territories.

In 1958, one amendment authorized the Secretary of the
Interlor to make surveys of fish and wildlife development in
proposed watershed project areas and to make recommendations
to the Secretary of Agriculture. A second amendment author-
ized payment by the federal government of portions of costs
allocable to fish, wildlife, and recreational development 1in
a watershed program. A 1960 amendment added several non-
profit organizations to the 1ist of local sponsoring organi-
zations. A 1962 amendment specifically added recreation
as a purpose for coste-sharing and authorized fund advance=
ments for the early purchase of project lands threatened

with encroachment.
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Public law 89-80, the Water Resources Planning Act, 1is
an act to provide for optimum natural resources development
through the co-ordinated planning of water and related land
resources with the co-operation of all affected federal, state,
and local agencies. To accomplish this task, Title I of the
bill establishes a water resources councill, composed of the
Secretary of the Interior, the Secretary of Agriculture, the
Secretary of the Army, the Secretary of Health, Education and
Welfare, and the Chairman of the Federal Power Commission, to
maintain a continuing study and to prepare a bilennlal assess-
ment of the adequacy of necessary regional water supplies and
to maintain a continuing study of the relation of regional or
river basin plans to larger regions and of the adequacy of
administrative and statutory means for co=-ordinating policies.

The council shall establish principles, standards, and
procedures for participants in planning. It shall review
pPlans for efficacy in achieving optimum use, the effect on
other programs, the contribution of a plan to obtaining na-
tional goals. After 1ts review, the council shall recommend
modifications or transmit the plan to the President for Con-
gressional authorization. The council may hold hearings, ac-
quire and equip offices, use the U, S, mails, employ civil
servants, procure consultants, maintain a motor pool, and
incur other expenses necessary to carry out the provisions
of the act.

Title II of the act established River Basin Commissions.

The request for presidential authorization must include the
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area to be served by the Commission, be in writing, and be
concurred in by the Council and by a third of the states in
which the basin 1s located. The Commission will be the prin-
cipal co=-ordinating agency for federal, state, and local ac=
tivities, wlll prepare and keep current a comprehensive plan
for resource developments, recommend long-range priorities,
and undertake the studlies necessary for plan preparation.
Commission membership shall be a chairman appointed by the
Preslident, one member from each federal department determined
to have an interest, one member from each state within the
basin, one member from each interstate compact or interna-
tional commission with jurisdiction in the basin area. The
Commissions must submit annual reports to Congress. The pow=-
ers of the Commissions are parallel to those of the Council.

Title IITI sets up filnanclial assistance to the states for
comprehensive planning with $5,000,000 for each of the ten
years following enactment of the bill. Funds will be allotted
on the basis of population, land area, the need for planning,
and the financial need of the applicant state. Programs sub-
mitted by the states must provide for comprehensive planning
to meet the needs of all water and water-related purposes,
full co=-ordination with statewlide planning agencies, desig-
nate a state agency to administer the program, provide for
periodic report filing, set forth administrative procedures,
and provide for fiscal control. The federal share of the
state cost 1s 1limited to between 33=1/3 and 66-2/3 percent,

and 1s based on the average per caplta income of the states
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and the nation for the three most recent years having data
avallable. Payments are made quarterly.

Title IV covers milscellaneous items such as administra-
tive appropriations, Councll rules and regulations, delegation
of functions, utilization of personnel, and employee benefits.

This legislation was designed to help tie together the
plece-meal, unintegrated portions of the national water prob-
lem and provides a broad approach to the over-all water prob=-
lem.

On the state level, water resources legislation is usual-
ly organizational, regulatory, or enabling. Three Michigan
statutes, Act 200, Public Acts of 1957, and Acts 20 and 253,
Public Acts of 1964, are typical of the three types of state
legislation.

Act 200, Public Acts of 1957, is an act to provide for
the creation by two or more municipalities of an intermunici-
pality committee for the purpose of studying area problems
and to provide authority for the committee to receive gifts
and grants. Sectlion 1 defines municipalities, Section 2 sets
up organizational procedures and lists problems that can be
studied as sewers and sewage disposal, water drains, parks
and recreation, and ports. Section 3 lists employment and
agreement-making powers. Section 4 authorizes funding. Sec=-
tion S allows services as a part of municipality financial
support. Section 6 authorizes grants being accepted by the
commlittee to further its objectives.

Act 20, Public Acts of 1964, 1s an act to regulate the
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impoundment and utilization of surplus water, to prescribe
the powers and the duties of the Water Resources Commission
and the several boards of supervisors, and to provide penal-
ties for the violation of the act. Section 1 titles the act
"Surplus Waters Act of 1964". Section 2 defines terms. Sec-
tion 3 authorizes water surveys. Section 4 requires all local
units to Jjoin in planning requests. Section 5 describes opti-
mum flow determinations. Section 6 details hearing and order
procedures. Section 7 outlines plan implementation. Sections
8 and 9 deal with grants, use of county funds, and fees. Sec-
tion 10 apportions increased flowage. Sections 11 and 12 set
up restrictions, rules, and regulations relating to existing
acts. Section 13 describes procedures for optimum-flow re-
determinations. Section 14 makes violations of the act's
provisions misdemeanors, and Section 15 removes the act from
within the Jurisdiction of river management districts.

Act 253, Public Acts of 1964, and as amended by Act 119,
Public Acts of 1966, 1s an act to enable local units of gov=
ernment to co-operate in planning and implementing co-ordin-
ated water management programs in shared watersheds. Accord=-
ing to Section 1, the act is known as the "Local River Manage=-
ment Act.” Section 2 defines terms. Section 3 sets up water=-
shed councils. Section 4 outlines council membership. Section
S details the duties and powers of watershed councils. Section
6 detalls potential council functions. Section 7 allows the
petitioning for forming river management districts! governing

bodies. Section 8 defines a river management district's
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governing body. Section 9 lists areas eligible for possible
river management boards. Section 10 defines district powers.
Section 11 outlines procedural rules for boards. Section 12
allows the executlve secretary of a watershed council to serve
as executive secretary of the river management board. Sectlons
13 through 17 detail minimum stream flow determinations and
stream gaging stations. Sections 18 through 20 1ist other
acts, rules, and regulations which are not affected by the
act.

Water rights and water law are closely related. While
nelther has developed a special body of material dealing ex-
clusively with small watersheds, water rights and water law
are not dependent on the slze of the watercourse or the area
of 1ts watershed. The power to create property rights and
the police power to regulate them are the sources used in
state regulation of private water rights. State water allo-
cation laws have traditionally assigned water to individuals
as property in the form of rights to divert or store water
and to apply 1t to beneflcial use.

Water rights deal differently with two classes of water:
overland flow and stream flow. The landowner's rights and
interests vary conslderably in surface and stream flow. To
begin with, the landowner "owns" surface water diffused over
his land and may capture 1t and use 1t on his land or sell it
to others. Ownership of land adjoining or traversed by a
natural water course, that is, riparian land, confers certain

rights of use, but not of ownership of the flowing water.



52

There are two rules concerned with surface water rights.
The civll law rule holds that each plece of land is subject to
the natural flow across 1t so that a landowner may not prevent
water from coming to his land nor may he collect it so it
flows from his land in unusual quantities nor may he change
the direction of natural dralnage. The common enemy rule
holds that the landowner may protect himself against surface
water as best he can, bullding dikes to keep it off his land
or dralns to remove 1t from his land.

Water rights also vary from state to federal Jjurisdictions.
At common law, the title to land under tidal waters was held
by the Crown as a public trust. This doctrine was carried
to the colonies and title was taken by the federal government.
The English common law rules that fresh water lakes belong to
the riparian owners and prevalls in most United States Juris-
dictions. Where states hold title to the land under navigable
waters, it 1s held in trust for all state lnhabitants for the
protection of navigation and other public uses. A riparian
owner's title, if any, to the submerged lands under navigable
waters 1s a qualified one, and 18 held subordinate to the
public right of navigation in the waters flowlng over sub-
merged lands.

The riparian doctrine as applied in the United States
seems to derive from the 1804 Code of Napoleon, but 1t has
been reshaped primarily through state appellate court deci-
sions. In the mid-1840's, natural wants of riparian owners

were defined as those necessary for survival and artificlal
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wants as those increasing either comfort of prosperity. Prior
to 1874, the natural flow interpretation of the riparian doc=-
trine permitted a riparian to take water for artificial wants
only if the flow was sufficient to supply the natural wants
of all downstream riparians and if his use did not substantial-
ly diminish the flow or impair its quality. In some states,
a riparian may use all the available water for his natural
wants even though 1t exhausts the entire flow. The reason=
able use interpretation of the riparian doctrine dates from
1874 and holds quantity and quality of flow to be subject to
the question of whether or not the water use 1s reasonable
and consistent with an exercise of the same right by others.

Briefly, the provisions and restrictions of the riparian
doctrine hold that the fact that one riparian initlated his
use before another does not determine or affect thelr respec-
tive rights; riparian rights attach to natural lakes or ponds
regardless of their origin; the laws of the state in which
the riparian land is located govern the rights of the riparian
owner; the riparian rights of land owners adjacent to lakes
correspond to those of landowners adjacent to flowing water
courses; ownership of a portion of a stream or lake bed does
not confer the right to use the entire surface, but courts
have held that riparians can use the entire surface if such
use does not interfere with the reasonable use of the water
by others; 1n navigable waterways, riparian rights are subject
to public use and the riparian owner has no rights that the

government must recognize, nor must the government pay for
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losses caused by its operations within the stream bed.

Where municipalities are involved, according to the
courts, they can not, through the purchase of riparian land,
use water anywhere but on thelr riparian holdings. Extensive
municipality water use, then, 1s not within the scope of ri-
parian rights. However, the courts may allow non-riparian
use if no immediate damage 1s done to downstream riparians or
if damages are awarded to "balance the equities.”

Riparian rights can be lost or altered in a number of
ways. As property rights, they can be bought and sold, eilther
outright or through easement. The reasonable use rule tends
to make a riparian's rights ambiguous, requiring definition
by the courts. Many municipalities, water resource districts,
and governmental agencies hold condemnation powers which can
be employed to acquilire water rights from riparians for non-
riparian uses. Even after the United States has permitted a
private right to become established, the right may be destroy-
ed by the exerclse of federal power with no damage payments
required. Filnally, certaln public rights may be acquired
against riparians through their express or implied dedication
of water to public use, and prescriptive rights may be acquired
by or against riparians through long=continued adverse or un-
lawful use of a water course or access to a water course.

The Water Resources Planning Act attempts to co-ordinate
federal, state, and local water resources activities. 1In his
statement at the hearings on this bill, Michigan's Attorney

General, Frank Kelly, summarized the division of jurisdiction
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between the federal and the lesser governments. He said, 1n
part, that there are things which the federal government can
do for all of the states much better than the states can do
as individuals, and there are many things which the states can
do alone since these tasks can be done more efficlently and
more heterogeneously than by the federal government. When 1t
comes to water resources, no two states are alike and thus,
each state should be allowed, within its territorial 1limits,
to deal with these resources in a way that best suits 1its
needs, 1ts geography, and its economy. In other words, re=-
quired governmental action should be accomplished at the
level closest to the problem and best able to deal with it on
the basis of intimate knowledge and of existing circumstances.

The areal extent and functional scope of interest in
water resources become progressively broader up through the
levels of government from local to national. Prior to local
government action is private action which 1s usually typified
by single-purpose objectives, more stringent economic limita-
tions, more restrictive legal restraints, and strong emphasis
on profits, with less conslideration for long=-range conserva-
tion of physical resources and for meeting competitive water
demands.

Local government action 1s the initial attempt to accom=-
plish by Jjoint effort what can't be done by individuals. Basic
objectives remain largely single-purposed, and economic limi=-
tations determine the extent to which physical needs can be

met., Water resources activity at the state level usually
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includes responsibllities not found in local or private ef-
forts slmply because the states have greater administrative
potential and are in a better position to evaluate the com=-
posite effect of local efforts on the problems of broader
regions. State activity is directed to guiding local govern-
ment activity, to programming basic data requirements, and
to enacting and administering state laws.

A state may establish regulations dealing with its lo-
cal streams and also with United States waters within the
state 1f Jurisdiction over the navigability of its waters
has not been assumed by the federal government. If a state
law conflicts with federal law, the state may be prevented
from applylng the conflicting law to the particular waters
which glve rise to the conflict. Nor can the state require
the United States to obtaln permits or licenses prior to
beginning water control structures construction in navigable
streams. Should a state adopt a development pattern that
meets local needs but does not fit a broader federal devel=-
opment plan, the state must alter its plan.

As each successlvely higher level of government 1s en-
gaged 1n water resources activity, increased attention 1s
given to long=-range resource considerations, multi-purposed
development, and greater sophistication in applylng economic
concepts to realistically fulfill local needs. The federal
government engages 1n water resources activity when no other
effective and adequate means exist or when the national in-

terest requires 1t. The role of the federal government
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should be 1in providing leadership, co=-ordination, physical and
economic information, lnvestment, and an environment conducive
to comprehensive development. National policies should be
directed toward resolving local and reglonal problems.

Generally, flnancial limitations, the absence of polit-
ical responsibllity to other areas, or the inability of lesser
government units to reach workable compromises have forced
adoption of existing federal policles. Over the years, nu-
merous expressions of Congressional policy, in separate, sin-
gle=-purpose acts, which along with executive directives, have
attempted to provide solutions for most water problems in fed-
eral programs. Thls patchwork policy process has seldom com=
pletely satisfied any one water group because the water-
oriented public has specific interests in certaln problems
rather than a general interest in comprehensive approaches.

Federal powers may be exerclsed in three ways: affirma-
tively, negatively, and permissively. Affirmative action 1is
taken in improving channel and harbor faclilities and in dam
construction. Negative action lies in the prohibition of
interference by lesser units with the navigable capacity of
water. And permissive actlion consists of the federal govern-
ment licensing activities which it may prevent, or delegating
activities to others which it is empowered to undertake 1it-
self.

The needs for water and its use patterns are generated
at the local level. People who are not close to the local

plcture may not be concerned with preserving or expanding the
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economy of already established communities. Water flowing 1n
a river basin cannot be divided into local waters, state wa=
ters, and federal waters for separate treatment. However, the
individual responsibllities of each unit must be involved 1in
water resources work and federal participation in joint action
should not be allowed to intimidate the lesser units into a
federally dominated assoclation.

Authorizing Joint agencies for co-ordinating mechanics 1is
one method of avolding the subordination of either state or
federal governments while safeguarding the legitimate role of
each. Greater co-ordination between the various levels of
government can be achleved through comprehensive revision,
correlation, clarification, and updating of statutes relating
to water resources; the use of interstate compacts and river
basin commissions; the use of watershed assoclations; and
co-operation among federal agencies. One of the chlef bar-
riers to effective federal-state harmony in water policy 1s
the multiplicity of federal agencies having conflicting ob=
Jectives and policies with which the state must deal. There
are more than thirty federal agencles active 1n some phase of
water resources work, although only three of these actually
construct water resources works: the Corps of Englneers, the
Bureau of Reclamation, and the Soll Conservation Service.
Another factor tending to weaken state-federal liaisons 1s the
lack of water policy co-ordination within the state government
due to the single purpose approach to inter-related resource

problems and from fragmentation of administrative functions
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into separate agencies.

Moving back to the local scene, 1t 1s at once obvious
that while the small watershed may be ignored in the political
give and take of policy formulation, citizen involvement more
than compensates for this neglect. Local projects have be=
come rallying polnts for affected citizens and thelr response
can make or break a project. To what extent a local pressure
group can influence national policy 1s hard to say, but there
is no doubt that when policy 1s implemented at the local level,
public action has often been grossly underestimated. Cilvic
action can stall and in some cases stop water programs which
agencles, administrators, and politicians have endorsed as
necessary.

There are four areas 1n which the concerned citizen can
and should involve himself: as a member of an organlzed
group, as a member of a governing unit doing water resources
development, as a voter, and as the person who pays the bills
for water resources projects. If the citlzen pays for pro-
Jects through direct assessments, higher taxes, or higher
water rates, 1t is 1n hils own interest that he understand the
problem at hand and hopefully can be won over to supporting
the offered solution. As an individual, the public-spirited
ciltizen can express his views at public hearings, in letters
to newspaper editors, and 1n related activities which do not
require group membership or backing.

In organized groups, citizen participation can come 1n

many ways. He may spearhead the initial drive to form a
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group nucleus when action 1s needed. He can participate ac=-
tively 1in a functioning group. He can contribute his financial
support in addition to his time. Or 1if he 1s not inclined to
active participation, he may simply lend hls moral support as
a passive member. Of the groups formed for local action, the
most effective are watershed assoclations, dralnage districts,
and soll conservation districts, all of which are legislative=-
ly sanctioned. Natlonal groups supporting water resources
programs include the American Geophysical Union, the American
Soclety of Civil Englineers, the American Water Resources As-
soclation, the American Water Works Assoclation, the National
Assoclation of Soil Conservatlion Districts, the National Rec-
lamation Assoclation, the National River and Harbors Congress,
and the National Waterways Association, to name a few. Con-
servation groups such as the Sierra Club can also be quite
vocal 1in water resources problems.

One of the healthiest characteristics of water resources
organlizations is the varlety of operational arrangements pos-
sible. Resource developments have been planned, funded, built,
and managed by private corporations, individuals, local gov=-
ernments, state agencles, and federal units. There are func=-
tional relationships between the organizational level, the
type of agency, and the water-related responsibility. Gen-
erally, local governments operate water supply and sewage
treatment facllities; special districts handle reimbursible
functions such as irrigation and conservation; state agencles

are responsible for non-reimbursible functions like recreation;
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federal interests are in flood control and navigation; and
private efforts tend to be power oriented.

The public 1s an unpredictable variable 1n water resources.
They are not likely to act unless the 1ssue 1s controversial
and 1s vlewed elther as a personal threat or as a decilded
benefit. Motive and motivation are everything in water
resources development. Only the individual who can be moti-
vated to accomplish something for his own or the general wel=-
fare can help to attain water resources goals. The responsi-
bility for generating public support for water resources
programs falls to the administrators, and the only way to win
thls support 1s by keeping the public informed on a contlinuing
basis, by keeping abreast of public sentiment, and by allowing
that the citlizen has a valid role to play.

Successful citizen action requires the satisfaction of
several independent variables. There must be a real resource
problem about which a substantial portion of the public must
be concerned. Dynamic leadership 1s necessary either 1in a
board of directors or in an executive director of a formal
organization or in a prominent local member of the community
power structure 1n an informal group. Unless the federal,
state, and local agencies are willing and able to carry out
the public's preferred programs, citizen action will go for
naught. The secret of successful publlic action 1s positive
thinking in support of realistic programs.

In summation, sound publlic policy requires improved

technliques of engineering, economics, and systems analysis
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to develop economically efficlent systems. Public decision-
making In the realm of public interests must be concerned with
individual=-group relationships among those affected by a de-
cision. A well=-rounded national water resources policy must
reflect a consensus of the people. Policy must be infused
with a moral relationship between man and nature and between
man and man. Such relationship patterns i1illuminate the is-
sues requiring value judgements and help to represent all
parties in the decision-making process. Water resources pol-
icy has been and wlill be determined by public viewpoints
formed from social, political, and economlic forces. The prob-
lem 1s achleving a national understanding of water use prob-
lems so these forces can be used to keep policy abreast of
the changing environment within which water resources activ=-
ities are undertaken.

Several forces counteract and tend to delay policy
changes. Inertlia makes moving from status quo to a position
with untried results difficult. Agencies, to keep the favor
of the people supporting them, tend to maintaln existing
policles endorsed by thelr supporters. Finally, present ben-
eficlaries do not want to sacrifice any of thelr present
benefits while future beneficlaries do not want to be deprived
of the beneflts they see others recelving.

Some water resources policy has changed a great deal over .
the past few years due to the need to provide for such activ=-
itles as federal participation in municipal water supplies and

in pollution control, activities not previously covered by
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federal policy. Unfortunately, water policy growth has not
yet provided a uniform federal policy governing comprehensive
water and water-related developments, nor adequate coordin-
ation of the objectives of various agencies. In contrast to
the new policy areas, the policy framework for flood control,
irrigation, power, and navigation has remalned untouched in
spite of changed conditions and advanced knowledge which
strongly suggest adjustments. Situations allowing policies
to become frozen and totally unsuited to the times must be
avolded. Understanding the motivating mechanics of policy
changes should encourage the adjustments needed to revitalize

existing policy.



CHAPTER 5

SMALL WATERSHED PLANNING

Planning 1s the first phase of putting policy into
practice. Planning must intimately link basic data, 1its
projJections and synthesis, and research into a coherent out=-
line for effective water development and management. The
most basic planning concept requires a look at the antici-
pated future needs, a cataloging of available resources, and
a method of utilizing the resources to meet these needs.

The planning process 1s one of discussion, compromise among
shifting and conflicting alternatives, and consensus based
on facts. It 1s an unending series of decisions, each made
more complex by the decislions made earlier. 1In spite of
these self-imposed restrictions, planning must be flexible.
It must provide for shared responsibilities, encourage local
initiative, and envision long=-range plans. Planning is only
one step 1n the total process of controlling, protecting,
conserving, and utilizing water resources; it is not an end
in itself. It 1s rather, a broad series of recommendations
to the governments involved and final decisions on implemen-
tatlion must be the duty of the policy-makers.

There 1s an urgent need in almost every region to adopt
an orderly procedure for water resources development, from

64
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river basins down to small watersheds. Whille the river basin,
where the entire complex of resources 1s naturally intermeshed,
i1s the smallest geographical unit that will permit truly com=-
prehensive planning, small watersheds are the most feasible
units for conservation, development, and management of renew-
able resources. Despite confinement to an area, whether re=-
gional or local, planning requires consideration of pertinent
physlcal, economic, and soclal factors outside of the study
area. Comprehensive planning must also recognize the effects
and the Jurisdictions of existing compacts and interstate
(or international) agreements which may also authorize plan-
ning operations.

The planner should be aware that the area for which he
is planning has a particular soclal, economic, and political
structure which changes very slowly. The planner's task 1is
not to fit society to his plan but to design a plan to fit
the existing soclety. The planner and the political authority
responsible for sanctioning planning strategy must evaluate
where and to what extent resistance is likely to be encoun-
tered. The basic planning obJjectives, too, are a product of
the political and social values prevailing in the areat's so-
cial structure, and once objectives are adopted, they set the
operational strategies and final decisions of the actual plan.
While basic objectives are among the least changeable factors
of planning, they do change with time as they are an ideolog-
ical product of a soclety that 1s also changing with time.

The objectives of planning are many. Planning should,
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of course, produce plans that can be carried out. Integrated
and co=-ordinated development and management of water resources
should be fundamental to a plan. Plans should account for all
purposes served through water development, giving full recog-
nition to non-revenue producing purposes. Planning should
promote the conjJunctive use of ground and surface water sources.
Planning should take advantage of multi-purposed uses, recon-
clle competitive or conflicting uses, and establish responsi-
bllitles for carrying out its resolutions. Planning can out-
line the extent of upstream protection measures required to
offset unsound, unregulated urban, industrial, and agricultural
developments on flood plalns subJect to periodic innundation.
Planning must be multi=-disciplinary, involving engineers, geo=-
logists, economists, lawyers, geographers, sociologlsts, pol-
iticians, and administrators.

Goals and objectives of water resources planning should
be establlished by Congress and should be both multi-purposed
and nationwide in scope. Unfortunately, despite the recog-
nition of the needed range in planning objectives, under na-
tional guldelines, most planning remains economically oriented.
Economlic efficiency 1s the most common goal, but also economilc
in nature are such concepts as security, progress, and pros-
perity, though they are admittedly more difficult to measure
and to date, no procedures for lncluding these concepts in
traditional planning have been developed.

Once broad objectives for the national interest in water

resources are established, planning groups translate the
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administrative and leglislative guidelines into criteria for
developing specific water resources plans through engineering,
economic, and institutional considerations.

Questions for planners to answer include such items as
the effect of reservolrs on channel stability, the relation-
ships between water use and water quality, the effects of well
fields on river flow, the increase 1n pumping head caused by
drawdown and the effect of drawdown on recharge, and the flood
danger to new land uses. These questlons suggest that water
resources planning can no longer be limited to the traditional
route of englneering design and construction.

To achleve optimum comprehensive planning of water re-
sources, it 1s necessary that mechanisms for such planning be
created and i1mplemented. Conslderatlion must be given to the
agencles that will enforce the plan: thelr powers, objectives,
functions, policles, and philosophies, along with the laws
under which they operate. It 1s essential that leglslation
required to facilitate planning and its subsequent translation
into reality be 1nitliated at the earlliest possible time, for
legislation can require years to enact if the process does
not work smoothly. The political mechanisms for carrylng out
planning should provide for maximum participation by the pri-
vate sector and local, state, and federal agenciles.

Now that Congress has committed the nation to comprehen-
sive river basin planning, the role of planning at the small
watershed level may diminish. There are several relationships

that may arise between small watershed planning and river basin
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planning: they may be entirely independent, they may be 1n
direct conflict, they may be closely related, or one may com=-
pletely dominate the other.

Solutions to water problems undertaken privately or by
local governments prior to comprehensive planning may not con-
form to the broad planning objectives. Conversely, compre=
hensive planning may be too broad to adequately consider pres-
sing local problems, may be too slow in attempting to solve
local problems, or may propose solutions which do not satisfy
local needs. It 1s possible for a small watershed to be com=-
pletely submerged by a major development project. Small water-
sheds that fall outside of the limits of a regional planning
unit could be planned and developed independently, and small
basins immedlately downstream of major developments will have
slight, 1f any, operational relationship to an overall plan.
With a lack of communication, planning could proceed on the
local and regional level simultaneously with no co-ordination
and yet be falrly compatible. Perhaps the most realistic
approach 1s to have the regional planners adopt a comprehensive
master plan, considering local problems 1in generalitles, and
then to have the local planners, assuming there 1s such a body
capable of doilng the job, detall solutions to problems at the
small watershed level.

Sooner or later, the water requirements of a watershed
are likely to exceed the supply and choices must be made for
priority of uses. Where water resources are 1nitlally scarce,

the allocation of avallable resources will govern planning, but
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even 1n cases where scarcity 1s anticipated, priorities should
be assigned during the planning process. Competition among
users as a class for the same water and among users in the same
class as to who gets the water and where it 1s to be used can
generate major problems. In setting priorities, the planner
should determine 1f the water requirement 1s an essential one,
if there 1s a satisfactory substitute for the water requirement,
1f competing uses have greater economic merit, if there are
water rights which must be taken, and 1f they must be compen=-
sated for, or if there are legal constraints on the require-
ment such as rules and procedures for allocating, developing,
and managing the water which may have been established by com=-
pact or statute. Priorities should also be studied for theilr
long=range impacts to make allowances for future changes 1in
demands or use patterns.

Conflicts are inevitable during the planning process.
While private conflicts can be resolved by common law or stat-
ute law in the courts, the broader planning conflicts are best
resolved by diplomatic negotliations to prevent future animos-
ities that could generate delays in plan implementation. The
migratory nature of water can create Jurisdictional and oper-
ational conflicts exemplified by the conflict between storage
and maintalining stream flow. Usling stored water to improve
water quality through low=-flow augmentation i1s opposed by water
users who want impounded water kept avallable for higher uses.
The growing conflicts in water uses imply a need for more ob=-

Jective means of weighing competing water uses, a need for a
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drastic overhaul of water law, and a need to encourage water
rights holders to pay what water 1s worth. When conflicts do
occur, the followlng criterla are generally used for evaluating
the position of the competing uses: aesthetic and ecological
considerations (or the effects on environment and the balance
of nature), technical performance, legal precedent, and cost-
benefit relationships. The ultimate resolution of conflicts
and designation of priorities are dependent upon related
economic, soclal, and managerlial declsions made in the best
interests of the overall region.

Among water uses, domestic and municipal use take the
highest priority and planning must assure them a minimum sup-
pPly at all times. Other non=-consumptive uses, 1f deteriora-
tion of quality 1s not consldered to be a consumptive use,
are industiral uses, navigation, power generation, and rec-
reation. Irrigation 1s the major consumptive use of water.
While technically not a water use, flood control has a direct
bearing on most other water uses. Changes in priorities will
result from population shifts, urban growth, improved living
standards, and water use changes.

Other problems facling planners are the scope of thelr
Planning efforts, which may or may not be well defined; re=-
solving and balancing federal, state, and local interests;
protecting the water rights of the landowners within the
Planning area; eliminating Jjurisdictional overlapping in both
Physical and planning limitations; generating initiative for
implementing the plan; helping to establish the necessary
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procedural and legal authorizations for implementing the
plan; continually updating the plan to meet changing con-
ditions; compensating for water losses through evaporation,
natural consumption, seepage, and conveyance; planning de-
velopment so as not to alter the watershed reglme to an ex-
tent that will vold estimates of usable water supplies; and
considering topographical restrictions that might preclude
effective control of the entire region originally programmed
for planning.

The planning of any water resources development 1s cer-
taln to encounter questlions of a legal nature and the more
comprehensive the plan, the more serious and numerous the
legal complications may become. Some of the legal phases of
proposed projects that should be evaluated early in the plan-
ning process are those of constitutionality, adequate legls-
lative or corporate authority, and legal processes required
to plan, construct, operate, and maintain the project. Other
legal problems may be found in clearing the way for project
financing and construction, some of which (land and easement
acquisition) are subject to agency control, and some of which
(Injunctive actions by opposition) are not. Contractual law
will be of importance as planning progresses to construction
phases.

Planning incentives are derived from various sources. On
the grass=-roots level, they stem from the individual's desire
to protect or conserve his lands or as a local group effort

to solve a local water problem. When actlivity at the local
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level falls to develop, incentive may be imposed from higher
authorities, usually with an attempt to encourage participa-
tion by the people most ilmmediately concerned with the prob-
lem. In contrast to the strictly remedial nature of local
efforts, imposed incentives may be directed toward preventative
measures. But perhaps the greatest incentive 1s that of flnan-
clal reward. The economlc galn phllosophy permeates the en-
tire planning network from the national level where water re-
sources 1lnvestments are desligned to augment the GNP to the
state level where stimulating regional economies 1s of prime
interest, to the local level where communities seek increased
tax bases and individuals wish to save money by avolding flood
or erosion damage or want to increase their incomes with ad-
ditional acreage under production or with recreational devel=-
opments. The form of economic incentive may vary from cash
grants to cost=sharing programs to tax rellef to low interest
loans, but whatever their form, economic incentives are very
powerful.

A recent development in the planning of water resources
is a methodology of problem solving known as systems design
or systems analysls. Four related steps make up this approach:
identifying design objectives, translating objectives into
design criteria, using the design criterlia to create develop-
ment plans for specific projects, and evaluating the conse=
quences of the plans so produced.

Breaking the process into more detall, the first step 1s
to consider the varlables affecting the problem and 1its
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solution. Each variable should be studled sufficiently to
determlne its degree of lmportance 1n varying the system.
Next, the formulation of obJectives define what 1s to be ac-
complished in the project. Once objJectlves are established,
they are used to measure how a plan meets them. Now, all the
possible alternates are listed. Unfortunately, many alter-
natives willl be more apparent after the project is completed
than when 1t 1s on paper. With the alternates set down, the
planner then tries to visuallze and analyze the consequences
of acting upon each alternative. The consequences will vary
when considered by different disciplines and political, soclal,
legal, englineering, and economic viewpolnts will usually not
be 1n accord on project consequences. The problem 1s to de=-
termine which alternate reflects the consensus of the region
concerned with development, given the cholce of objectives
including both economic and non-economic values. Evaluation
of the alternates must be made on a sound economic basis to
select the plan (that combination of structures, level of de=-
velopment, different water uses, and operating procedures)
that will best achlieve the objective. If alternates are viewed
as being mutually exclusive, a preservation-at-any-cost phi-
losophy may develop that will obscure the fact that water re-
sources can be used for many purposes. One of the most dif-
ficult parts of evaluation is value Judgements, the intangibles,
and the uncertaintles. As many terms as possible should be
expressed as costs or benefits, reflecting or varying from

market values to meet the objectives. The final step 1s to
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consider the active restraints which may be physical, polit-
ical, ideological, soclal, or a consequence of local custom.
In contrast to conventional technliques, physical, legal, and
institutional constraints are examined in terms of thelr costs.
Having followed the outlined procedure, the planner can now
make his decision on the best course of action to program.

The planning approach i1s essentlally the same for com-
prehensive river basin studies or for small watershed projects.
In fact, there are some planners who maintain that the prob-
lems of small watersheds are, except for scale, the same as
the problems of the river basin, and that the small watershed
can be used as a model for river basins. Whlle the hydrolog-
ically dissimilar functioning of river basins and small water=-
sheds refutes this view, the basic planning elements can work
in both planning situations.

Initially, an inventory to provide raw data on resources
1s required. The baslic obJective of a water resources inven-
tory 1s to estimate the maximum ylelds that can be attalned
without risking quantitative and qualitative deterioration
beyond program limits. To be inventoried are: natural, cap-
ital, human, structural, and institutional resources. A na=
tional policy statement should set up general planning objec=
tives. A master plan 1s helpful whether the planning area 1s
the entlre region or a small part of 1t. Nelther level can
effectively function without enabling legislation. Co=-opera-
tion among various units on any given level and among the

different levels is equally vital. Public education regarding
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the need for planning, its objectives, and its implementation
will help 1nsure success at any level, and finally, local

action 1s needed in support of the planning effort.



CHAPTER 6

SMALL WATERSHED DEVELOPMENT AND MANAGEMENT

In a watershed, management has already begun when the
first tree is planted or uprooted; management doesnt't wait
until a watershed 1s completely developed. Consequently,
development and management can not be completely divorced for
discussion and certalnly not in practice. Total watershed
development and management requires the successful culmination
of a complicated chaln of events that reaches back to research
studles. Watershed development 1s bullt on careful planning
which in turn is bullt on realistic evaluations of human needs.
The watershed factors to be developed must represent real-life
requirements and thelr planning must demonstrate engineering
practicality, economic Justification, and filnanclal feasibillty.
To ensure soclal acceptance of proposed developments, the plan=-
ners must glve a high-level presentation of the engineering
facts to convince public agencles that the development 1s nec-
essary and feasible, and to assure private owners that they
stand to beneflt from the proposed work.

A watershed 1s more than land and water, infiltration and
runoff, elevation and slope, soill and rock; 1t 1s also insects
and bacteria, roads and fences, farmsteads and cltles, and
wildlife, livestock and people. The water resources of a
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watershed become only one facet for development and manage=
ment. The other resources, the timber, the minerals, the land,
the fish and wildlife, may be of equal or greater value. Total
development must be approached on a systems basis with consid-
eration given to all the resources and values involved. As
in planning, many dilsciplines have interests in and valuable
contributions to make toward the solution of development and
management problems.

Concepts of the purposes of water resources development
range from the view that water should be developed to satisfy
speciflic human needs to the view that water 1s a means to
achlieving a higher standard of living. Regardless of the
phillosophical approach, the process of development requires
the postponement of benefits now for the sake of future bene=
fits, and 1s of necessity, a long=-term process. To the publiec,
long=term policles are unpopular because of the sacrifices
that are required during the initial phases of development.
Another concept of resource development views it as a means
for improving upon research data and hypotheses. Observations
on the response of hydrologlic parameters can be used to verify
the original hypothesis with the feed-back belng used to grad-
ually improve the original assumption.

Full watershed development requires that arid lands be
irrigated, floods be controlled, water power be harnessed,
water be avallable for industrial uses, fish and wildlife hab-
itats be preserved, navigation be maintained, and that the

quality of water be preserved for municipal and domestic uses.
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Multi-purposed water development 1s an attractive goal, but
water supplies are limited and i1t may not be possible to have
optimum quality and quantity for all uses. Water resources
development 1s a compromlise between competing uses and between
regional and small watershed needs. The benefits of water
development can not be confined to those living on the water-
shed selected for development, nor are the needs for develop-
ment confined to the residents of a single watershed.

It 1s very unlikely that watershed development will be
introduced on a virgin watershed. Developers will be faced
with a variety of conditlons, most of which came into being
without the benefit of organlized planning, that will prevent
development from reaching its highest level of fulfillment.
The level of water resources development has two parts: the
level of water usage development and the level of water facil-
itles development. The level of water usage development 1s
determined by the extent to which the watershed's water supply
1s belng used, and the level of water facllities development
is determined by the extent to which non-water resources have
been committed to developing water for use. Obviously, the
extent of proposed development will be a function of existing
development.

Water resources development 1s essentially the systematic
exploitation of water, that 1s, making the water available for
use. Any form of resource exploltation involves disturbing
the established equilibria; unbalancing by exploltation may
have far reaching effects upon the sustalned yleld of the
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resource, upon 1ts quality, its quantitative and qualitative
variability, and possibly upon its location. The utilization
of water resources deals with slowly responding equilibria
and the resulting transients may be of great significance to
effective management.

The physical manifestation of exploitive development 1is
construction. Water resources development requlires the drill-
ing of wells, pipelines to transport and distribute the water,
treatment plants to purify it before and after use, structures
to control and regulate it as overland flow, in streams, and
in lakes, channel improvements to facilitate its flow, land
treatment to protect 1ts quality, and harbor facilitles to
reallize its navigational potential. It 1s not surprising
that this heavy emphasis on construction has led to an engi=-
neering approach to water problems that extends from planning
through development and management.

The rate and scope of developlng water resources falls
to two quite dissimilar groups conslisting of the bullders
and the producers. The bullders draw up, construct, and
supervise projects while the producers operate and maintain
the project facllities upon thelr completion. The qualifi-
catlons of the two groups differ widely. The builders need
formal technological tralning, experience 1n technologilcal
applications, sustained drive or motivation, the abllity to
organize informally into development teams and the ability
to motlivate and direct the producers. Producers must also

be technologically experienced, but they should be motivated
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to discard traditional technology and to change existing struc-
tures, and should be able to co-operate with other producers.

There are a number of constralnts operating in water re-
sources development. Land and water were among the first re-
sources for which laws and institutlions were established in
anclent times, and today these laws and institutions are re-
sistant to change. 1Institutlonal factors are among the most
serious contributing to resource abuse. As a renewable re-
source, water will usually be utlilized at a rate that provides
maximum yields now and will allow similar rates on a sustained
basis. In terms of development, thls may dictate that water
be imported to meet local needs. Technologlcal progress (or
the lack of 1t) may effect data accumulation and evaluation,
development, extraction, parametal manipulation, and the re-
duction of resource losses.

Developers may choose to develop elther ground water or
surface water. The cholce depends upon many factors. Surface
supplies are usually stored near the water source while under-
ground water 1s usually developed near the demand area. Ground
water storage has several lnherent advantages. Its storage
space does not require major investments, full and empty stages
do not present risks, there 1s no lumpy lnvestment, and water
losses are much lower. There are difficulties with ground
water supplies: recharge operations may be complicated, the
long=-term behavior of percolating formations 1s not fully pre-
dictable, and clogglng effects can be detrimental to quality.

The limitation to underground supply comes from recharge being
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subject to the percolation capacity of the field and generally,
large flows can not be absorbed. Water development will usu-
ally begin with ground water since it can be obtalned with the
least cost, least delay and the least risk. During the initial
perliod of ground water development, time 1s avallable to col=-
lect surface flow data, conduct investigations, and to prepare
deslgns to ensure adequate conservation and regulation of sur=-
face systems. Extended use of ground water on a scale signif-
lcantly greater than sustalned ylelds, while exhausting the
ground water supply, enables the local economy to expand to
a position where 1t can afford to import water when the need
arises.

Flnancing of watershed developments will vary depending
on the initiative and on the responsible agency. The individ=-
ual who makes lmprovements on hls own wlll pay hils own way.
Under the Soll Conservation Service program, assistance 1is
avallable for conservation practices and wildlife preservation
measures. Dralnage districts finance improvements through
assessment of all land owners within the district. Watershed
assoclations may have the power to tax. On the larger scale,
water distributlion and sewage collectlon systems are financed
through revenue bonds as are treatment facilities. Federal
grants are avallable for municipal projects. When 1t comes
to flood control, the federal government will pick up 100
percent of the bill for design and construction.

The history of watershed management dates back to 1867

when a legislative committee in Wisconsin pointed out the
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relatlionship between watershed cover and watershed stream
flow, a relationshlp that remains the foundation of watershed
management. In the natlonal forests, watershed management has
been practiced since 1897 when Congress allowed the Department
of the Interlor to reserve public forests to secure favorable
conditions of water flow. In 1911, the Weeks law authorized
co=-operatlion between states to protect the watersheds of nav=-
igable streams. In establlishing the Soll Conservation Service,
Congress stated 1ts policy to be the preservation of natural
resources, flood control, prevention of reservoir impairment,
and maintenance of river navigabllity through permanent con-
trol and prevention of soll erosion. A year later, in 1936,
the Flood Control act divided flood control responsibilities
between the Department of Agriculture for treatment of upstream
watersheds and the Corps of Englneers for maln stream projects.
The 1944 Flood Control act established the first experimental
watersheds.

The fundamentals recognized in these acts have endured
and the water resources aspects of watershed management are
sti1ll considered as the art and science of managing the land,
vegetation, and water resources of a drainage basin for the
development, use, control, and protection of the watershed for
man's beneflt. Any shifts in the approach to watershed manage-
ment over the past 30 years have followed from the growlng
seriousness of certain water problems and the appearance of
new ones, changes 1n the possibilities for dealing with water
problems through improved technology, and changes in political
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philosophies. At any particular time, the approach to water
management will be governed by four factors: concepts of the
purposes of water resources development, perception of the
problems and potentlial for development, the avallable technol-
ogy, and soclal guldes.

Current thinking treats management of water resources as
a planned intervention into natural equilibria or equilibria
established by prior development, with a view to intercepting
water for human uses whille causing a new equilibrium to be
formed in the resource. Adding an economic flavor, water
resources management becomes concerned with establishing the
quickest and the least expensive way to change existing re-
source parameters i1nto those prescribed by the demand function
(or the comprehensive plan) while considering conservation and
budgetary constraints. In eilther case, dynamic management does
not confine 1tself to studying initial and desired states, but
also 1nvestigates the transients between the two states.

Water resources should be managed to get maximum use and
to take advantage of thelr full economic value. Thils requires:
(1) development of the nation's water resources in an orderly
phasing that will allow optimum use of avallable supplies now
and in the future, (2) consistent policies uniformly applied
to all concerned, (3) adequate planning and development instru=-
mentalities which will bring about participation or represen-
tation of all classes of water use, (4) procedures which will
provide the most favorable co=-ordination of all planning and

development agencies and eliminate unwarranted duplications,
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(5) research, investigations, and experiments in the field of
water and related resources, (6) utilization, in most cases,
of natural geographic boundaries as logical areas for compre=-
hensive planning and development of water resources, and (7)
establishment of priorities for different and conflicting uses.

There are two principal dimensions to watershed manage-
ment: protection of the watershed by stablilizing the soll,
thereby preserving and lmproving water quality, and treatment
of the area to 1mprove water ylelds. Positive watershed treat-
ments are likewlse grouped into two categories: vegetation
management and mechanical and structural measures. Vegetation
management i1ncludes fire protection, phreatophyte removal,
timber-cutting management, plant-type conversion, seeding of
burned areas, strip cropping, reforestation, improving ground
cover on water-spreadlng grounds, range management, and the
use of wetting agents to lncrease infiltration. Mechanlcal
and structural measures include contouring, channel stablli-
zation, headwater dams, adequate road drainage, protecting
water quality at construction sites, gully plugs, adequate
sanitary faclilities, and evaporation suppression. These meas-
ures must be fit into a management equation defined by space-
time, quantitative, flow=rate, mineral, and bilological quality
parameters.

The choice of boundarles for a management basin will often
be a decisive factor in shaping water resources development
policy and 1in determining efficlency in the exploitation of

the resource. The best approach to water resources management
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is from the most fundamental level that can be established.
This 1s the small watershed where the overall problem breaks
down into its constituent parts. The small watershed lies at
the base of all water ylelds, and the management measures ap-
plied to it willl determine how much water 1t will catch and
hold for use.

Water yleld 1s not the only goal of small watershed man-
agement. Protection, stablilization, and conservation have
already been mentioned. They are instrumental in managing
water production and also in flood control, another management
goal. In terms of land use, other management goals could be
the increase of agricultural production, the provision of rec-
reational facilities, or the adaptation of the watershed for
urbanizatilon.

As was the case with research, the major water resource
management problem is in the urban watershed. Urban water
management consists of water supply development and distribution,
surface drailnage collection and disposal, and waste collection
and disposal. Urbanizatlion drastically changes the local water
regimen, resulting in the loss of base flow and in greatly in-
creased storm flows. Rapld urban runoff adds sediments, olls,
fertilizers, salts, and nutrients to the pollution loads of
area streams. The traditional approach to urban water manage-
ment generates problems by treating urban water utilities ser-
vices as unrelated entitlies and as optional government services
which implies that the service could be provided by the people

themselves, that the municilpality 1s an effective service area,
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that local government may elect to provide service or not as
1t sees fit, that initlatlve rests with the local citizens,
and that intermunicipal arrangements are strictly a matter of
local concern.

Much preferred to the traditional approach is that of an
essentlal utility concept which holds that water 1s a need
which people can not provide for themselves and thus 1t 1is a
government responsibility, that the service should be provided
under monopoly conditions over a guaranteed franchise area,
that the state wlll regulate the operation, that rates should
be based on the service rendered, and that fixed responsibility
for quality, type, and continulity of service 1s necessary.
Under this concept, municlpal water, sewage, and dralnage ad-
mlnistration should be consolidated in all urban areas and
glven an independent revenue base which should derive from
user charges and not from general revenues.

The primary forces to be managed 1n urban areas are the
actlivities of man, specifically hils generation of waste and
hls 1nclinations to develop areas not consistent with sound
pPlanning. Where control of people instead of natural forces
is the 1ssue, the traditional management method of stoppling,
confining, or treating with engineering cures instead of with
preventives must be abandoned. The principal urban manage=
ment problem originates with expanding populations requiring
more water and more waste disposal area, and at the same time,
more open areas and more recreational water. Thus in metro=-

politan areas, watersheds and water recreation areas can not
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exlst separately but become the reciplents of ever-increasing
waste discharges.

The urban area that gets 1ts water supply from a major
river 1s far removed from small watershed treatment, although
its supply 1s affected. Outside of urban areas, understanding
cover=stream flow and soll=-stream flow relationships is fun-
damental to management. It 1s not necessary to go far from a -
river's banks to find that ground water is the main source of
water supply and that watershed characteristics are causally
important. Even 1f surface water 1s the main supply source,
everything that happens to the watershed affects the supply,
and by knowlng the interactions of meteorologlc and topo-
graphic conditions, the forested areas, the soll cover, and
the farming methods used on a watershed, the manager can de-
velop ways of improving the rainfall-runoff relationship.

Efforts to conserve and utilize water resources
must recognize that water and soll are inseparable in resource
management. Above any other consideration should be that of
what happens to or in the soll which recelves precipitation.
No matter how much new land 1s put under irrigation, there 1s
no excuse for losing productive agricultural land through poor
land management in relation to water. The costs of land ero-
sion, carrylng away topsoll, clogging streams, filling reser-
voirs and harbors, and of removing sediment from water supplies
are liabllities that need more attention.

There 18 no single approach to water management. All

management approaches are heavily slanted by law and by
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historical precedent, with little emphasis given to economic
conslderations in allocating water between uses and users.
But flexibillty 1is a necessary characteristic as the approach
belng used currently may be constantly required to change due
to such crises as drought, flood, intolerable pollution, or
severe economic depression. Should the resources of the given
management basin be lnsufficient to meet the demands, a broader
base will be required, or if basin resources are excessive,
management basins could be subdivided.

Management alternatives will change mainly with techno-
logical improvement. The technology available depends 1in part
on the locality and sometimes technological applications will
be 1Inhibited by cultural factors. Advances in technology have
helped to broaden the range of cholces 1n problem solving, but
at the expense of increasing the pressures on avallable re-
sources by introducing new potentlalities. Technology can't
increase the average quantlity of water beyond a certaln point,
but it can ensure that an average quantity will be available
under all conditlons.

If too much emphasis 1s glven to technology and physical
englneering, too 1little 1s gilven to human engineering and
soclology. Soclal guldes or human behavior that condition
water resources development are found in laws, administrative
arrangements, and public policles, or they may be tacitly
accepted without formal expression. The problems with socilal
guldes relate to the problems of values, intangibles, and the

lack of standardization in agency procedures, compounded by a
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lack of factual data on the soclal structure and on 1its
functlioning. Management constraints will arise mostly from
the human element of the development equatlion; they may be
connected with the professional, motivational, and organi-
zational limitatlions of project development groups, with
Institutional and legal problems, and with fund limitations.

Other important management constralnts are due to plan-
ning limitations, to the lack of authority to implement
management measures, and to the lack of authority to prevent
unplanned, inefflclent, or detrimental exploitation of re-
sources. The effects of this lack of authority may be seen
in Soll Conservation Districts, for example, when all of the
land owners in a watershed do not particlipate in a project.
The principal weakness in the adminlistrative framework for
watershed management stems from a lack of leadership in the
executive branches of government which filters down to the
local level, and from the lack of an agency to evaluate 1n
depth total development proposals instead of the individual
facet evaluation now used.

Wise management and planned manipulation can completely
change ground water flow regimes; 1t can adjust water flow
avallability in space and time to meet demands; 1t can change
the relation between ground and surface water, increasing
the avallabllity of the latter as the avallabllity of the
former declines; and 1t can institute qualitative changes

that will continue on theilr course for many years.



CHAPTER 7

SUMMARY

Small watersheds are difficult to define because of the
variety of natural and cultural parameters involved. Hydro-
logic performance expresses the effects of most of the pa-
rameters and a small watershed can be defined as a watershed
whose sensitivity to high intensity, short duration rainfalls
and to land use 1s not surpressed by channel characteristics,
or, 1n terms of hydrographs, a watershed whose hydrograph 1s
determined by overland flow rather than by channel flow. The
time of rise and the shape of the hydrograph are the distin-
gulshing characteristics: small watershed hydrographs will
have a short lag time, a rapidly rising limb, and a sharply
defined peak. The application of a performance definition
can be extended to all areas of small watershed activity.

Research 1s the source of small watershed performance
data and 1s also the means of testing the reliability of
proposed development and management measures. Research has
been concentrated on the physical aspects of agricultural
watersheds, and while the results have been useful, a much
broader research program extending to social and political
fields must be established.

Small watershed hydrology 1s 1in a developing stage.
90
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Large watershed hydrology can not be directly applied to
small watersheds. Hydrologlc calculations are hindered by
the lack of rainfall and runoff measurements for small water=-
shed events. This data 1s necessary for the derivation of
most predictive methods used in estimating runoff. Empirical
formulae do not require measured data, but they are deceptively
simple and can be unreliable when used 1ndiscriminantly by
those unfamiliar with their proper application and with the
area belng studied. 1In terms of design, thls can lead to
over-designed facilities (providing excess flow capacity or
excess storage capacity) and excessive construction costs.
Fallure to evaluate both rainfall and runoff conditions can
also lead to excesslve runoff estimates.

Small watershed policy can only be inferred from legls=-
lation, water law, water rights, and administrative actions
that have been designed for broader applications; the small
watershed 1s the subject of very 1little dilrect policy creation.
At the present time, small watershed activities are authorized
and carried out under a nebulous national policy which filters
down to the local level through state leglslation and admin-
istration.

Small watersheds can be planned, developed, and managed
under the same principles and procedures used in comprehensive
river baslin studles, providing that appropriate modifications
are 1lncorporated. Multl-purposed considerations are not as
demanding in small watershed work, although use=-conflicts

will occur and priorities must be established. The primary
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goal of small watershed planning, development, and management
1s high quality water yleld. Watershed conservation, protec-
tion, stabllization, and land use controls are used to secure
the objective.

In all phases of small watershed activity, the urban
watershed needs more attention than it has received. Research
on urban problems 1s almost non-existent. Urban hydrology
1s poorly understood at best. Generally, the effects of
urbanization are an increase in peak flows, a shortened
concentration time, and a decrease in water quality. Lower-
ing of ground water tables 1s another serious effect of
urbanizatlion, and results from a combination of increased
water consumption and decreased inflltration recharge
opportunity. Urban planning, development, and management
considerations dealing with water usually stop at supply
lines; to date, the major water interest 1n urban areas has
been assuring a source of potable water. As with wild and
rural watersheds, the solutlions to urban problems must be
multi=-disciplinary, must begin with research, and must con=-

sider both the water and 1ts related land resources.
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