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SECTION I
INTRODUCTION

Water consumption and allocation have historically been controver-
sial issues in the arid west. These issues have traditionally intensified
during periods of prolonged drought as is presently being experienced
throughout the west. This report is directed toward examining these
issues and presenting an overall perspective of water consumption and
means of conservation with respect to the Colorado Front Range, with
emphasis on Fort Collins, Colorado and the surrounding area.

Through a cursory reflection on the development of western water
policy and observations on current municipal and agricultural water use,
the report will examine the need for more efficient water use in the
Fort Collins area.

The vast majority of water use in the area is by agriculture. The
report will discuss a few of the major items of concern with respect to
agriculture irrigation. This, however, is a highly technical and special-
ized subject, and it appears that the greatest overall need may be for
additional area-specific research to determine efficient irrigation tech-
niques. Water in the past has been viewed as plentiful enough that
efficiency has not been considered as vital as it may be in the future.

Although agriculture is the largest user at the present time, munici-
pal water demands are increasing due to the rapidly growing population in

the area. Water For Tomorrow, Colorado State Water Plan states:

"In the market place, irrigated agriculture is able to
pay substantially less for water than can be paid by some
of the other productive uses, such as municipal and
industrial development. 1In the past, this situation

-1-
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has resulted in many irrigation water rights being

converted or transferred to other uses, and in the

future, the ultimate result is likely to be a signif-

icant decline in overall irrigated acreage and in

livestock production from irrigated hay and pasture-

land. This decline will occur more rapidly if cities

have prescriptive rights to the water they need for

expanding populations.” (Water For Tomorrow, 1974).

It also appears that the mood for water conservation is set in the urban
areas. Thus, the report will concentrate upon the identification of a
range of urban water management measures available to local urban areas
for water conservation programs. The discussion of these measures will,
when applicable, document the effectiveness, problems and degree of public

acceptance experienced through actual implementation of the measures by

other municipalities.



SECTION II
HISTORIC FACTORS

Causes and Effects

Before discussing possible causes and effects of drought conditions,
it is important to know what is meant by drought. Arid and semi-arid
regions are usually defined in terms of the number of inches of annual pre-
cipitation occurring there. While there is no fixed number for these
types of areas, regions with less than ten inches of precipitation (rain
and snow included) per year are generally classified as arid, and those
with ten to twenty inches per year are classified as semi-arid. The Fort
Collins area has, with about 90 years of record, an average of some 14
inches per year, making it, like the rest of the Front Range of Colorado,

a semi-arid region. The section on local precipitation history will dis-
cuss variations in yearly and monthly amounts.

Drought, unlike arid and semi-arid, cannot be defined precisely as a
reduction of a given number of inches of precipitation per year or even
a percentage decrease. A decrease of ten inches per year over a several
year period would be disastrous in areas such as Fort Collins, while
having an almost negligible effect in an area receiving, say, 50 inches
of rain per year. It should be noted that parts of the U. S. receive
well over 200 inches per year, and most of the U. S. east of the Mississippi
receives 30 to 40 inches per year. Also, the need for volumes of water
varies according to types of industry, agriculture, and social habits of

the region.
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Drought can, however, be defined in at least two useful ways. Some
would agree that drought exists where the reduction in available water is
such that significant economic and social impacts are felt. Others believe
drought is better defined as a similar reduction in naturally occurring
water supplies. The distinction turns on whether such projects as water
diversion (e.g., Western Slope water to Eastern Slope) and storage facili-
ties or cloud seeding and similar techniques should be considered separately
from drought conditions. The effects of low precipitation are felt less
severely where diversion and storage facilities are available and where,
in an appropriation doctrine legal system, extensive water rights are
held, separate from the land. Marin County, California with few storage
facilities or alternate water sources is one area greatly affected in a
short time by lack of natural water sources, whereas Fort Collins has
many more sources, although these are not infinite. However, the use of
water and the populations and economic developments needing water tend
to rise to (or above) the level of water availability. Thus, even if
current water sources exceed water demand today, even in precipitation-
short periods, the future situation will be far more serious, unless per
unit consumption and population stabilizes. New water sources and storage
facilities are Timited (see Water Supply Development in Section VI), and
therefore the number of users and the amount of user consumption will be
limited, either through planning or through hardship or even disaster.
This will surely occur even if agricultural changes take place in the
region, freeing more water for urban use (see Agriculture, Section V).

The precise cause or causes of drought is, as yet, not well under-

stood. Indeed, many experts argue that there is no consistent or
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discernible cause other than arbitrary fluctuations of weather and climatic
patterns. We do know, however, that there is great variability in precipi-
tation locally, and that this variation calls for preparation for the
water-short periods. Some of the possible physical causes of drought
periods and their potentially cyclic nature, are discussed in the following
section.

Drought is even more an expected climatic event in Australia than
here. Yet it has only been recently that the government has begun to
accept that drought "forms part of Australia's ‘normal' weather pattern"
(Lovett, 1973). There are now more efforts in preparation by the national
~government down to the individual on a continuing basis. Dams and irri-
gation, land use and community planning, tax and bond inventives and aid,
extension service activities, grain reserves, promotion of a national
drought institute, nation-wide education, and more vigorous climatological
studies are all mitigating against the drought effects.

Because of physiographic, population, economic, and social differences,
the situation in Australia cannot be related precisely to ours in the
United States. However, the recurring pattern of drought, need for planning
and management, and development of new attitudes and behaviors toward
natural and stored water are similar.

An Australian farmer said "City people have criticized farmers for not
conserving water, but I have stood in a city street and watched water (from
sprinkling) flowing down the gutters." (Campbell, 1968.) This urban
wastage is recognized in Australia as a psychological problem for the
agricultural community. If agricultural water conservation is desired by

the urban dweller, then this person must also show a commitment to water



-6~

conservation. For urban and rural dweller alike, the recognition and
acceptance of drought is a psychological and emotional problem. The dry
period is seldom recognized physically until it is well underway, and

the possibility of further precipitation is always a hope. A moderate
rainfall may convince the population the dry spell is over, when there
may be a much Tonger continuing lack of precipitation just ahead. Lovell
(1973) cites the need for continuing education to create a realization

of the reality of the problem and then to motivate a change in the public.
An example, which could apply as readily to other natural and social
hazards, is given in a drawing (Figure II-1) by the Texas Water Education
Office. It depicts the 'hydro-illogical' cycle wherein the hazard in-
creases concern so long as it lasts, then is forgotten once it is tempor-
arily over.

Drought History and Cycles

The history of drought in the United States goes back to the first
settlement by the white man. With settlement negligible in the Great
Plains until the late 19th century, reports of drought conditions are
largely in the east, and follow the movement of the country west. As
early as the 1740s and again in the 1760s, the northeast suffered through
drought conditions.

From 1860 to 1864 a drought in the midwest, beginning to have larger
population influx, caused extensive crop damage. In the 1880s the east
was severely hit by drought, and this in part helped the move to the Great
Plains by eastern farmers.

From about 1886 to the present we have adequate precipitation records,

which were sketchy before. These records allow us to chart accurately the
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the drought periods. Occupation of the Great Plains for agriculture began
in the same period. Rainfall was plentiful until 1894 when a drought
caused almost complete crop failure. Up to 90 percent of the settlers in
some areas abandoned their land.

By the early 20th century, the rains had returned and with World War
I raising grain prices, large scale farming with tractors took place.
After 1915, however, the overly wet years ended and the normal dry state
caused increasingly greater problems for farmers. Instead of a respite,
the dry conditions became drought, and the famous Dust Bowl era of the
1930s was upon us. The combination of poor soil conservation measures and
climatic conditions turned the drought into a catastrophic situation.

The drought was starting to ebb by 1936, but the devastation wrought
by dust storms, grasshoppers, and erosion by wind and water made the area
Tow in productivity into the 1940s (Tannehill, 1947). New management
practices with soil protection, crop rotation, and wind breaks beQan to
cut losses in dry periods. Still, the use of more and more land for
agriculture, including marginally productive areas, made the losses in the
drought of the early 1950s even greater than the 1930s (Farm Journal, 1976).
This was also due to the Tlack of moisture at the critical times for agri-
culture. This evidences the fact that timing, as much as amount, affects
the impact of drought periods.

Saarinen (1966) discusses three types of droughts; meteorologic, from
lTack of precipitation locally; hydrologic, from stream and groundwater
sources diminishing; and agricultural, where due to timing, volume, or

both, the crops do not develop properly. The definitions chosen depend
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on the purpose of the study; for our purposes the social and economic
damages are key, no matter the type of criteria adopted.

The oceans are known to have their greatest impact on the worild
environment as climatic regulators. As the key source of water and with
vast area, their motion and variation impacts globally. The exact effect
on precipitation is not absolutely certain, but the seasonal movement of
the warm and cold water currents (see Figure II-2) is known to affect
seasonal rainfall on and near coastal areas.

At this time, the largest Pacific Ocean currents are much farther from
the coast of the United States than normally. This may be the immediate
cause of the lack of moisture getting to the continent. Other factors which
may be impacting on the currents include sunspots and magnetic activity of
the earth which has been extensively studied by Dr. Walter Orr of the
University of Colorado. Dr. Orr has Tong promoted a theory that there is
a 20-year cycle of drought which corresponds to sunspot activity. Recent
evidence from tree-ring analysis has confirmed that there is roughly a
twenty year cycle, although the Tength and intensity of the droughts vary.
In fact, as Figure II-3 shows, the amount of drought in the last one
hundred years is less than earlier times. The peaks show the intensity of
the droughts, the size of the dark area shows the extent.

The relation of this drought cycle sunspot activity, magnetic changes,
or even ocean currents is not conclusive, however. It is a reasonable
hypothesis that varying radiation from the sun may affect the ocean activity,
indirectly changing precipitation on the continents. Also, varying radi-
ation may affect the amount of precipitation from those clouds that do form

and vary the evapo-transpiration and winds which will impact on local
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Figure II-2

World Wide Ocean Currents
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FIGURE II-3
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climatic conditions. The effects of increased air pollution, nuclear fall-
out, carbon dioxide, and changes in the ozone layer are much less certain
and will certainly complicate an already very complicated system.

In summary, although certain factors are being identified which
may help create drought conditions, we are a long way from understanding,
much less controlling, this global system. The only certainty, and the
one which can and must be planned for, is that there will be more dry
periods, some longer and more severe than so far experienced.

Local Precipitation History

Appendix A details the total precipitation histofy of the Fort Collins
area from 1898 to the present. There are records available even earlier
than this. The primary thing to see from these records is the variation
from year to year and comparison by month from year to year.

Since 1898, the annual precipitation (rain and snow included) has
varied from 28.42 inches to 7.34 inches, with a current average around 14
inches. The average in 1930, however, based on records to that time was
closer to 15 inches. As more history goes by, the extremes and the
averages are certain to change.

It was mentioned earlier that certain times of rainfall are as impor-
tant as amount for the agricultural community. The variation is amazing.
For instance, in May, 1966, only .27 inches of precipitation fell (against
an average of 2190 inches). In May, 1967, 4179 inches fell. This varia-
tion certainly makes it difficult for consistent planning in the agricul-
tural economy.

Only irrigation, due to storage and diversions of water have allowed

any stability for farmers. However, as urbanization continues, there will
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be more use for this water in cities, which can develop and transfer the
water more economically. More importantly, droughts can become quite
extensive as the last year has shown. When snowfalls are Tow and precipi-
tation is down at the diversion sources, even water development projects
cannot solve the scarcity dilemma.

If prediction of precipitation is improved, better planning for dry
periods will be possible. Even with better knowledge, however, planning
and management of our activities is needed to maintain the lifestyle we
desire.

Predicting Precipitation Patterns

Management decisions must be made regarding water use with some
factual base. There is at present no accurate way to know what precipita-
tion will be. However, there is some validity in assuming that the precipi-
tation patterns of the past will be the same, generally, in the future.
Gifford, et al, (1967) developed tables for the western region of the United
States based on the 30-year period from 1931 to 1960. The tables (see
Appendix B) give the probability of the occurrence of a given amount of
precipitation over one, two and three week periods.

The probabilities are less reliable, unfortunately, in arid regions
such as the Fort Collins area. Also, local topographic and meteorological
influences will vary the amounts of precipitation on a specific site.
Nonetheless, if the precipitation level which is critical for a certain
decision is known, these tables can help the decision-makers determine
whether certain actions should or should not be taken.

As an example, perhaps a certain activity would be inhibited by

less than .4 inches of rain in one particular week. By looking at the
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one-week table, the probability of .4 inches or more in that week can be
ascertained. For Fort Collins, in the week of May 10, it would be 49
percent; in the week of November 8, it would be 10 percent. The manager
can then decide if the probability is such that there should be protective
or alternative measures taken together with other considerations.

The authors do stress the Tocational nature of the data and the in-
fluence of geographic and topographic proximity to measuring stations.
Also noted is the problem of type of precipitation and the number of
occurrences during the week. A review of actual precipitation since 1960
with a computer analysis of variance from the predicted amounts would help

validate the method and its utility as a management tool.
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SECTION III
WESTERN WATER POLICY

General

Throughout the history of the American west, water has played a
critical role. The early expeditions of Zebulon Pike in 1810 identified
the west beyond the 98th meridian as an arid land and labeled it the "Great
American Desert" (Pike, 1810), However, it remained for John Wesley Powell,
Chief of the U.S.G. and G. Survey, Rocky Mountain Region, to provide the
first definitive description of the western lands.

Powell's report, submitted in 1878, and entitled A Report on the Lands

of the Arid Region of the United States, with a more detailed account of the

lands of Utah, identified the arid lands of the west as having significant
differences from those eastern lands familiar to the public of that time.
Powell's work would ultimately be recognized as one of the most important
books ever written about the west. As Stegner (1962) in his introduction
to Powell's report states; "Essentially, Powell's Report on the Lands of
the Arid Region was a sober and foresighted warning about the consequences
of trying to impose on a dry country the habits that have been formed in a
wet one." Powell, who defined an arid land as receiving less than 20
inches of precipitation per year, proposed a number of radical departures
from then existing policies for dealing with the arid lands. Among these
were revision of the 160-acre homestead and modification of the rectangular
system of land surveys. These he felt were not appropriate to dry lands
where either more or less land was needed and boundaries should more

accurately reflect drainage areas. Powell also recommended revision of

-16-
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the agency structure dealing with these policies. Of particular interest
to this paper was another of Powell's significant recommendations, that
being that the "right to use water should inhere in the land to be irri-
gated, and water rights should go with land tit]es.f His fear was that
water would become a property independent of the land, and this property
would gradually be absorbed by a few. Thus, his contention that in the
arid lands the right to water be acquired by priority of utilization

but the user right should attach to the land were used, not to the
individual or company constructing the canals by which it is used. These
proposals were radical and strongly opposed by powerful interests of that
time, and as may be seen by existing policy and water law, were essentially
not adopted, possibly to the detriment of western development. As stated
by Stegner, "Powell was willing to look at what was, rather than what
fantasy, hope or private interest said there should be." This was unique
in 1878 and as this paper will attempt to show continues to be unique one
hundred years later as a western water policy.

There was no disagreement from the beginning that water was a critical
limiting factor to development of the west. This essential character of
western water resources caused it early on to be viewed as principally an
economic rather than natural resource in terms of management and Taw.

From this basis, a western water institution, "the appropriation doctrine"
evolved which treated water as a separate property right or economic re-
source as compared to the natural resource nature of the riparian doctrine
common to the more water abundant humid areas of the east. Nowhere was
this concept more intensively applied than in the inter-mountain region

located along the continental divide.
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Throughout the past century, this inter-mountain region as well as
the remainder of the west has encouraged the provision of complex water
resource development programs. The reasons for these programs and the
needs to be met have been many. The area has developed vast agricultural
resources through irrigation and it has accommodated large amounts of
population and urban centers providing a lifestyle not unlike that found
in the humid east from which many of the new residents originated. The
deserts and arid regions were made to bloom, as intensive water resources
provided the vast amounts of water needed and not available through the
natural ecosystem.

It is now becoming apparent that throughout the inter-mountain region
continued development of additional water resources may be Timited. This
view is based upon several factors: current water resource developments
are aimed at the Tast remaining undeveloped sources; rivers are fully or
even substantially over appropriated and even during years of high pre-
cipitation supplies are not adequate to fulfill all water rights; the
appropriation doctrine is being questioned as the most appropriate means
to allocate scarce water supplies; and the environmental and social costs
of further water resource projects are given high consideration and
serve to 1limit further development and beneficial uses of water other than
development and use (i.e., instream) are receiving greater importance.

While the above limitations are becoming increasingly restrictive, the
lure and image of the west continues to attract new residents. Water de-
mands continue to grow from both the increased urbanization resulting from

new population growth and the ever increasing demands made by agriculture,
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industry, and existing development which ultimately results in increased
requirements for water.

Thus, it can be seen that in the arid west, water continues to be a
critical factor and may indeed be becoming the most critical factor in
the future of the inter-mountain area and the remainder of western America.
The decisions to be made to adequately deal with future questions of water
use and development in the west may require substantial alteration of
currently held attitudes regarding water. To evaluate the nature and
magnitude of these changes and impacts, it may first be desirable to re-
flect upon some historic and current public attitudes toward water in the
inter-mountain area in general and Fort Collins in particular.

Historic

Although identified by Powell as arid and having restricted potential
and specific limitation on development, most who came to the west brought
with them the notion that the Tifestyle enjoyed in the east could be
maintained. With the initially small population existing in the west and
most settlements and farms located near major water sources, the available
supplies seemed great. Thus, the scarcity of the resource as examined by
Powell was not immediately apparent. Cyclic periods of drought which
Powell anticipated served to provide warnings of the limitations but by
and Targe supplies of water were adequate.

As communities grew, settlement of the west continued and irrigated
acres increased; the demand for water also increased ofttimes beyond the
immediate availability of water. Typically additional supplies were
developed in advance of this demand eliminating the scarcity of water as

a limiting factor. This process evolved through community action and
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Federal policy such as the 1902 Reclamation Act by which Federal reclama-
tion projects were designed to encourage growth and settlement of family
farms in the west through provision of adequate and inexpensive water
supplies. Ultimately major region-wide development projects were designed
and completed,providing the vast water supplies needed for massive
irrigation.

Concurrent with this water resources development evolved the legal
western water foundation of the appropriation doctrine. This is the
"first in time, first in right" approach to water usage commonly known,
in which water is considered to be a vested right. This economic approach
to water rights was based on perfecting a right through beneficial usage.
Until recently, beneficial usage required diversion and consumptive use
with the ultimate conclusion that for total beneficial use, the supply
should be totally utilized or, in other words, the stream dried up. This
doctrine,which is critical to any study of western water development ,
directed that the ultimate goal be full productive use of all western
water resources. It should be noted also that under the appropriation
doctrine water rights may or may not be attached to the land as was
recommended by Powell. California as an example adopted the former pro-
cedure while Colorado adopted the latter or separate independent right
concept.

It is not difficult, therefore, to envision a prevailing historic
attitude toward western water. While water was known to be a scarce re-
source and identified as such by the economic and beneficial use approach
represented by the appropriation doctrine, the continued development of

available supplies served to provide an adequate supply for continued
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~growth and the water resource was not viewed as a limiting
factor.

Thus, the stage was set for those arriving in the west to continue
to hold an attitude toward water use similar to that held in the water
rich eastern areas of their origin. While in the late 1800s and early
1900s it may be seen that agriculture and urban areas tended to adopt the
native landscape of the arid west, the provision of adequately developed
water supplies quickly allowed duplication of the lush green vegetation
of the water rich east.

The dust bowl days of the 1930s were a painful reminder that
possibly the artificial agricultural and urban environment could not be
maintained in the semi-arid west; however, with the return of normal
rainfall following the droughts and the development of ever more complex
water resources systems, those warnings were quickly forgotten.
Current

Throughout most of the past two decades, with some minor periods of
drought, water development has kept pace with demand and water scarcity
has not been of critical concern to those 1living in the arid or semi-arid
inter-mountain west. That is not to say that a great deal of planning,
engineering and policy making has not been directed toward water resources.
The continued availability of adequate supplies in the face of ever
increasing demands is ample evidence of the magnitude and success of this
effort toward water resources development in recent times.

Coming to the 19705 considering the history of water in the west,
the prevailing attitude of the general population of the arid and semi-

arid west is understandable. That is, that sufficient water is available
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to maintain the known standard of 1life which includes a predominance of
eastern green shade tree landscaping, water intensive irrigated agriculture
and in general a lifestyle suited to an abundant supply of water. The
public prior to recent events was unaware and justifiably unconcerned

that possibly this lifestyle was artificially supported by water supplies
provided by major water resource developments.

For several reasons which were alluded to earlier, there are indica-
tions that the situation may be changing. These changes, if indeed they
are eminent, may have profound impacts upon attitude and Tifestyle in the
inter-mountain west. To evaluate this possibility we shall consider the
following indicators or events which may provide images or clues to future
conditions.

Drought: Powell in his Report on Arid Lands predicted that in the
identified arid lands (20 inches rainfall or less per year) many droughts
will occur and their effects on agriculture would be significant due to
the marginal conditions even during normal years. Powell himself observed
this during the decade of droyght that began in 1887. As stated in another
part of this paper, subsequent serious droughts were experienced during the
1930s and the 1950s in the arid lands. With more extensive development of
irrigated lands and increasing population, the effects of these droughts
increased with time.

California in 1976 began to experience a new period of drought. The
remainder of the arid west including the inter-mountain region began to
experience drought conditions during the winter of 1976~77, with the
drought extending to the present time. The advent of new drought conditions

has required sacrifices by all elements of the west, and has served to bring
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once again the concept of arid lands to the attention of the government and
the public.

Water Resources Development: During and following periods of previous
drought, it was possible through major water resource projects to develop
new supplies through existing sources or transport. This availability of
water supply through developed sources removed water as a limiting factor
and helped to reduce the impact and concern over drought. As discussed
by Vlachos and Hendricks (1977) the current water resources development
projects are attempting to utilize the last remaining undeveloped
supplies. This is evidenced in many ways; one is the often heard fact
that all the good dam sites have been utilized already. In Colorado,
with the exception of the Yampa River, all rivers are over appropriated
and the possibility of developing additional supplies is limited. Thus,
the continued resolving of the problems of the arid lands through water
development or the technological fix method may be impossible or at best
substantially reduced.

Social and Environmental Values: Since the late 1960s or early 1970s,
an environmental or preservationist movement has been active in the west
and the remainder of the country. Many aspects of this movement have
been directed at western development and growth. Whereas water resources
development has historically been controversial, in the past the issues
have been mainly regarding water rights and use. Presently the controversy
surrounding water resources development relates less to questions of
rights and more to social and environmental values. These values were
officially recognized through passage of the National Environmental Pro-

tection Act of 1969 (NEPA). Thus, even the development of the last
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remaining supplies through planned projects is threatened by the con-

sideration of these social and environmental values. This point was
clearly made with the introduction of the Carter Administration water
project "hit 1ist," and is being reinforced by the evolving Carter Ad-
ministration National Water Policy currently under review (Federal
Register, July 15, 1977).

Other indicators such as the argument that certain instream uses
(recreation, fishery habitat) be considered beneficial use under the
appropriation doctrine and the controversy concerning the application
of the Federal Reservation Doctrine also provide evidence that possibly
the western water attitude and policy is at a point of change or
modification.

Local Area

Stegner in his review and discussion of Powell's arid lands report
states the following:

"Apparently one of the hardest things for a wet-country
man to credit is the persistent fact of insufficient
rain. That single fact, as Powell told the nation in
1878, and kept telling them until his death in 1902,

and has been telling them through converts and disciples
ever since, is enough to make impractical and even de-
structive a whole inherited culture, a whole body of
Taw and custom and political organization."

Prior to the most recent drought conditions (1976-77), local area
attitudes of the Larimer County, Colorado could be expected to follow
somewaht this inherited culture and custom with respect to water.
Lupsha, Schlagel and Anderson (1975) and Cotter and Croft (1974) reported
on attitude and practice of western populations with respect to water

use. These two reports which represent the most definitive writing on

the subject available address water use within the State of New Mexico.
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The reports present factual data and survey results too extensive to be
repeated here; however, it is of value to consider a few overall findings.
As might be expected from the preceding discussion, in general respondents
to the survey viewed water supply to be only a minor problem or no problem
at all. Respondents by a Targe majority favored green landscaping over
native landscaping but also favored a progressive rate structure (i.e.,
the more you use the more you pay). Several theories on water use were
evaluated such as new residents having a higher per capita use than older
or native residents, and use being dependent upon place or origin. These
and other hypotheses such as ethnic or cultural backgrounds were rejected
as not having any consistent effect upon water use nor per capita use.

The one outstanding characteristic which was identified was that of in-
creased water use with increasing household income. This appeared to
involve relationship of income to residential lot size, type of landscaping,
number of water using appliances, number of bathrooms per residence and
similar income oriented factors. It is also of importance to note that
most of the residential units sampled in these studies were individually
metered.

Based on the preceding discussion and findings, it can be seen that
prior to 1976 a model of western water attitudes might involve a lack of
concern over water supplies, a preference for lush green landscaping, and
a highly water demanding lifestyle depending to some degree upon income.
Admittedly this model relates most closely to urban residents; however, its
application to agricultural or rural lifestyles may not be unacceptable.

A non-metered region such as the City of Fort Collins would tend to
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reinforce this model by decreasing even further the even minimal concern
over the amount of water used per capita or per household.

The advent of drought conditions in the west beginning in 1976 appears
to have had at least a temporary significant effect upon this model.

This impact while being general in nature appears to relate directly to
the severity of the drought conditions being experienced in the specific
local area. In Marin County, California for example, which is a critically
affected area, water supply awareness is universal among the population
and significant changes in Tifestyle have been incorporated. Indeed as
the following quote from the Denver Post (Drought Eroding West's Optimism,
July 20, 1977) indicates the drought may be altering concepts of many
natural resources:

"What has happened in California is more than a drought.

It is a change in the fundamental mind-set of a people

who acted as if they believed that the supply of water,

energy, shoreline, fish, wildlife, crops and forests

were inexhaustible."

In Denver, Colorado the present impact is less severe and thus the
alteration of the model is somewhat less. Water supply awareness is
increasing and minor modifications to the Tifestyle are evident, yet
their remains some doubt that indeed the water shortage is even real
(letter to the Editor, Denver Post, June 12, 1977). However, most
residents, by virtue of water restrictions, have an increased awareness
of water supply limitations and have altered their lifestyles accordingly
as the following quote from a Denver resident indicates, "After all, a

brown lawn is the status symbol this year,“ (Water Restrictions Changing

Some Aspects of Living, Denver Post, July 6, 1977).
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This heightened awareness of natural resources limitations in general
and water supply in particular is further documented by an ongoing study
of public policy preferences in the southwest. Known as the Southwest
Policy Research Project, the study being conducted by Helen Ingram in-
volves the cooperative efforts of selected universities in the states of
Utah, Arizona, New Mexico and Colorado. Some preliminary results of
surveys conducted in conjunction with the study have shown, for example,
in Arizona 69% of voters and 83% of legislators felt water shortages
represented a serious problem (Arizona Speaks, Fall, 1976). In another
finding of a study survey Colorado voters identified environmental issues
as the most important problem facing the state, and in general the study
trends tend to indicate increasing concern among both the public and the
elected representatives with respect to water and other natural resource
uses.

In Fort Collins, Colorado, the actual area of interest for this paper,
the situation has been rapidly changing. The City, through wise planning
and acquisition of water rights, has maintained an apparent abundance of
municipal water supplies which appeared to be sufficient to maintain
existing policy without restriction through the drought period. Informal
surveys (Fort Collins Journal, June 20, 1977) and numerous newspaper
articles indicated that the public in Fort Collins was becoming aware of
drought conditions elsewhere in the region and while thankful for the
apparent adequate supplies within the city would be supportive of re-
strictions and conservation if such measures should become necessary.

While it was to the credit of those responsible for water planning

within the City of Fort Collins that supplies were adequate, in light of
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the general alternation of widely held views regarding western water use
brought on by the drought and other elements discussed earlier, the con-
tinuance of "business as usual" at best seemed unrealistic and possibly
damaging. In light of changing attitudes and voluntary or enforced con-
servation among surrounding regions and communities it seemed difficult to
justify continuation of the highly water demanding lifestyle for any
selected community regardless of the adequacy of present supplies.
Strongly worded editorials (Triangle Review, Fort Collins, Colorado,

June 8 and June 15, 1977) questioned the impact upon adjacent agricultural
communities and individual agricultural interests who were experiencing
severe shortages of water and adopting both voluntary and enforced con-
servation measures when faced with the apparent unaltered attitude and
lifestyle of the local urban area.

Numerous local newspaper articles indicated that perhaps the municipal
supplies available to Fort Collins were not fully adequate and that con-
servation measures should be instituted in anticipation of an extended
period of drought (Fort Collins Journal, February 25, 1977; Triangle
Review, April 20, 1977). Such contentions appeared to be largely ignored
until early July 1977 when it became apparent that through a series of
problems, miscalculations, drought related shortages and higher than
anticipated agricultural uses the expected reserves could not be maintained.
Thus the water department staff and subsequently the Water Board recommended
to the City Council that water conservation measures be instituted to
achieve a 10-15% reduction in water use. The City Council on July 12, 1977
follollowing the recommendation of the Water Board adopted a program of

watering restrictions aimed at achieving a 20-25% reduction in water use
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(Fort Collins Coloradoan, July 13, 1977). Thus, the residents of Fort
Collins in 1like manner to residents of many areas of the west have come
to acknowledge through enforced limitations on water use at least a

temporary alteration of lifestyle and attitude with regard to water use

within the arid west.



-30-

REFERENCES

Cotter, Donald J. and Croft, Don B. Water Application Practices and
Landscape Attributes Associated with Residential Water Consumption.
Las Cruces, New Mexico, New Mexico Water Resources Research Institute
and New Mexico State University, (November 1974).

Ingrahm, Helen. Southwest Policy Research Project, (a study of public
policy preferences in the Southwest), Utah State University, Logan,
Utah, University of New Mexico, Albuquerque, New Mexico, University
of Arizona, Tucson, Arizona, Colorado State University, Fort Collins,
Colorado (1976)

Lupsha, Peter A., Schlegel, Don P., Anderson, Robert U. Rain Dance Doesn't
Work Here Anymore or Water Use and Citizen Attitudes Towards Water
Use in Albuguerque, New Mexico, Albuquerque, New Mexico, The University
of New Mexico (December 1975).

Pike, Zebulon. An Account of Expeditions to the Sources of the Mississippi
and through the Western Parts of Louisiana in 1810.

Stegner, Wallace (editor), Report on the Lands of the Arid Region of the
United States (with a more detailed account of the lands of Utah) by
John Wesley Powell, Cambridge, Mass. Belknap Press of the Harvard
University Press (1962)

University of Arizona, Arizona Speaks, Tucson, Arizona, Institute of
Government Research, (Fall 1976)

United States Government, Federal Register, Water Resources Policy Study,
Issue and Option Papers, Water Resources Council, Vol. 42, No. 136 -
Friday, July 15, 1977.

Vlachos, Evan and Hendricks, David W. Technology Assessment For Water
Suppljes, Fort Collins, Colorado, Water Resources Publications,
(1977)

Wengert, Norman. Fragile Lands - People - and Politics: Some Questions
for Policy Decisions, paper presented at the Fragile Lands Workshop,
Lamar, Colorado (March 24, 1977)




SECTION IV
OBSERVATIONS OF CURRENT WATER USE

General

As 1is true throughout Colorado, there is more water used by farm
irrigation in Larimer County than by municipalities. For this reason,
there will be a brief discussion on some of the problems involved with
reducing amounts of water needed for agricultural irrigation. However,
as stated earlier, the mood seems to be set in urban areas concerning the
value and resulting use patterns of water. Also, as the Front Range grows,
municipal use will become more and more important since it will obviously
continue to increase in intensity while agricultural use will be forced to
decrease proportionately. The overriding reason for this situation as

pointed out in Water For Tomorrow, Colorado State Water Plan seems to be

cities' ability to pay more for water than irrigated agriculture can

(Water for Tomorrow, 1974). Fort Collins was recently reported as the 3rd

most rapidly growing city of its size in the U. S. According to a July 13,
1977 article in the Fort Collins Coloradoan, 1977 will be a record year
for construction throughout the area. There is, therefore, evidence that
conversion of agricultural water to urban use will occur as rapidly here
as anywhere else in the arid West. 1In the introduction to the proposed
Larimer County Policy Plan drafted November, 1976, it was stated by the
County Planning Department:

"To meet the needs of new and expanded industries and

businesses and those of an expanding population, farm

and ranch land is converted to industrial parks, office

parks and service facilities. These changes will alter

the original scenic value of the county, necessitate the

conversion of agricultural water to domestic and
industrial uses . . ." (emphasis added)
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Water for Tomorrow, Colorado State Water Plan, under Critical Issues

and Problems, states:

. in some cities along the South Platte River,
espec1a]1y near the Front Range, the municipal and
industrial water supply is becoming critical and in
the absence of other alternatives, agricultural water
rights have been purchased. There is a danger there
that the basic agricultural economy will be destroyed."

So it seems that urban water use in the Colorado Front Range is not
only an issue due to its sociopolitical implications, but it is becoming
more important in terms of amounts of water used as the area becomes more
urbanized.

Agricultural Water Use

Agricultural irrigation accounts for about 79 percent of Colorado's
estimated 5.3 million acre feet per year water depletion (Water for
Tomorrow, 1974). Therefore, the greatest potential for actually saving
water in most areas of Colorado appears to lie within the science of
farm irrigation efficiency. Furthermore, as cities such as Fort Collins
continue to purchase more agriculture water to convert to urban use, it
will become necessary for farmers to operate using less water to produce
the same crops. Agricultural irrigation is a highly technical subject
and will not be discussed in detail in this paper. However, there are
some obvious actions which need to be undertaken technically to help
improve the overall water outlook.

It seems obvious that farmers in the area of Fort Collins, Colorado
would not want to purposefully waste water, since their livelihood depends
upon irrigation of their land. Furthermore, individual farmers have to
pay for irrigation water, and tend to be more aware of its value than

individual city dwellers who pay a flat rate as is the case in Fort Collins.
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Even though farmers do not wish to waste, procedures are not available to
them to know precisely the right amount of water to apply at the right

time in order to conserve water while producing maximum crop yield. Often
water is applied a few days earlier and for longer periods of time than

is absolutely necessary to produce the maximum attainable crop. The

greatest need to help farmers become aware of optimum irrigation applications
is additional research in irrigation techniques and methods. Because

farmers don't have the extra time and money to develop their own research

and development data, this must obviously be done through governmental
agencies such as Soil Conservation Service, Extension Service and Agricultural
Research Service and through universities. In an Agricultural Research

Service report entitled Soil Water Air Sciences Programs it is stated:

“Irrigation and drainage technology has evolved over
centuries, growing more or less out of the need in
arid areas to apply water to crops to stabilize pro-
duction or to avert crop failures, and the need in
humid regions to protect crops from excess water.
Much of the "art" of managing waters has come direct-
1y from experience of farmers and land and equipment
developers. In the past half century, a major effort
has been made by agencies and institutions to convert
irrigation and drainage from an art to a science."
(Soil Water Air Sciences Programs 1976).

According to this report limited information is available on optimizing

the production per unit of water in relation to climatic conditions where
supplies are limited. Further it is reported that the technology of
applying fertilizers in irrigation water is not adequate. Safeguards are
needed to help prevent fertilizer waste and pollution of groundwaters and
streams. Compaction is another area which presents a problem of inefficient
irrigation applications. Research on compaction would help in determining

water conservation measures.
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The report goes on to explain that "many irrigation distribution
systems have become outmoded." The high irrigation efficiencies required
in today's agriculture cannot be attained with these older systems, due
to their lack of ability to adequately control water. Advances in water
management for crop production in the next 15 years should come from
integration of components and subsystems into overall or total water
management systems. To achieve this, data systems are envisioned in-
cluding computerized measurements of such parameters as soil moisture
and other soil-plant variables which will be fed back to operate water
jnput-output systems. Telemetry, remote sensing, computers, and automation
are expected to be important components in the operation of such overall
systems.

It is emphasized in the ARS report that it is important to recognize
that irrigation and drainage requirements are site specific. Many of the
research reports that farmers have had to rely on in the past have not
even been area specific. For instance, a report done for Region 7 of the

Bureau of Reclamation (which includes Fort Collins) entitled Use of Water

on Federal Irrigation Projects, 1970). While much of the data might be

useful to farmers and agriculture agents in and around Fort Collins, it
would be more valuable if done in this area. Soil characteristics and
rainfall most likely are different enough to make optimum irrigation
procedures in the Fort Collins area different from those in the study
areas. In addition to being area specific, research should be conducted
on a scale relative to that at which actual farming occurs. It was
pointed out in the aforementioned summary report by the Bureau of

Reclamation that data normally available to the irrigation planner and
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designer consist mainly of operational records from existing farms or

from small research plots. However, poor or no records are often kept

by farm irrigation operators. On the other hand, data kept by researchers
are generally accurate, but done on too small a scale to relate to an
actual farm situation. While trickle or center pivot irrigation systems
may prove very efficient on a small research plot, the cost of installation
and maintenance of such systems necessary to irrigate many acres may not

be apparent. Furthermore, to reiterate the point regarding area specificity,
if the research plot is in an area with 15 to 20 inches of rainfall per
year, the data may not be adequate to use on a farm in an area receiving 9
to 13 inches of rainfall per year.

Colorado State University located in Fort Collins, would be a logical
institution to conduct area specific irrigation research for the Fort
Collins area. However, CSU has been critized by the Director of the
Colorado Water Conservation Board for doing a "miserable job" in helping
farmers learn how to conserve water in their irrigation practices (Fort
Collins Coloradoan, July 15, 1977). The Director's complaint was that
irrigation engineers are not placed in the field by the school to help
the farmer. As stated by a CSU official in the same article, the school
would have such a program if funds were available. However, the institu-
tion's Extension Service has been unable to get legislative support for
water resources programs." As cities throughout the front range expand,
and as larger production demands are made on area farmers, legislative

support for such programs will become even more vital.

Richard A. Warrick in Drought Hazard in the United States: A Research

Assessment suggests many research programs to aid in the management of
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agriculture in order to be better prepared for droughts (Warrick, 1975).
One of his suggested programs is irrigation and water supply protection
in which he includes the subjects of technical aspects of water supply
conservation, user efficiency, and water laws/institutions.

In the area of technical aspects of water supply conservation,
Warrick points out the need for better technology in canal lining,
evaporation control, and the control of evapo-transpiration losses by
way of the control of phreatophytes. In an article in the June 19, 1977
edition of the Fort Collins Coloradoan it was pointed out that bentonite,
a natural substance found throughout the Rocky Mountains can be used
very inexpensively to line irrigation ditches. Additional research may
turn up more such natural substances which are just as useful. However,
bentonite has been known for quite a number of years to be a good ditch
Tiner, but either the knowledge of the technology for using it or the
recognized need to line ditches have not been sufficient to encourage its
use. Perhaps dissemination of information about known technical water
supply conservation is just as important as new research.

Research which will help to increase user efficiency, Warrick says,
is needed "at an annual funding level of five person years for five years."
This work would be a continuation of research on crop yield-water require-
ment relationships, along with technological research on improving efficiency
in water application systems. He adds that there is a need to direct
research toward gaining a fuller understanding of the factors influencing
the adoption of water conservation techniques.

There is a lot of overlapping and inconsistency of laws, regulations,

and administrative policies of various levels of government regarding
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water supply and distribution. This has caused the prevention of
efficient management of water resources, and therefore research on water
laws and institutions is necessary (Warrick, 1975). Warrick states that
an interdisciplinary research approach is necessary to define the nature
of existing institutions, their deficiencies, and alternative models of
water supply management to overcome related problems.

One water resource problem which falls into all the aforementioned
areas of irrigation research is ground water management. While there is
probably room for improvement of technical knowledge about underground
water storage and how to use it, the most needed research lies in the
area of management and control of the resource. As pointed out in a
Colorado State University Experiment Station bulletin entitled "Colorado's
Ground-Water Problems," ground water development is accomplished largely
by individual effort and private funds (Colorado's Ground Water Problems,
1967). This creates much less opportunity for control than does surface-
water development which occurs through efforts and financing of groups
such as irrigation companies, municipalities, and governmental agencies.
New institutions are needed to direct ground water planning and management
in a way that will conserve the resource and at the same time facilitate
optimum use to irrigators and other users.

Another problem which should receive research effort is prioritization
of prime agricultural land. If farm irrigation water is to be converted to
municipal use, and it is inevitable that it is, it should be taken from less
productive lands. Some legal instrumentation is needed so this can be done.

While the need for farm irrigation research is great, the major step

in stepping up research programs and in gaining the acceptance of the
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results of such research 1ies mainly in the overall attitudes of the
people involved.

Municipal Water Use

There are several rural water districts in the surrounding areas
of Fort Collins, each with their own water systems and rate schedules.
Each of these districts has had its problems due to water availability
and system inadequacies. The Fort Collins system, on the other hand,
appeared to have an adequate supply even in the midst of the 1977 drought
due to ownership of surplus water shares. Not until early July, 1977, did
the City realize it needed to limit lawn irrigation in order to conserve
water. The fact that the City felt that it had an adequate water supply
while many areas close by did not raises many interesting questions,
some of which are: should a city be an autonomous water user while
contiguous areas experience shortages; is it wise to plan for the future
by buying up water rights that aren't currently needed; should a city
be allowed to purchase agricultural irrigation water thus taking land out
of productivity; should there be a more cooperative effort on the part of
people within and outside of city boundaries to assure adequate water
supplies. As one question is considered, it raises others. Hopefully, a
look at the way water is normally used within the City of Fort Collins will
reveal whether it is used wisely. Perhaps more water could be made available
to others outside the city for domestic and agricultural use. Even more
important is the possibility that better use patterns could be established
so that more equitable water distribution to everyone would be possible
during drought. Even though they appear to occur only periodically,

drought periods should be planned for., The lack of preparedness for water
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scarce periods has been a continuing problem. Water supplies should be
managed in Fort Collins and throughout the arid West as if the next
year was going to be a drought year.

Fort Collins municipal water use was analyzed using 1925 through 1976
monthly total water consumption figures furnished by the Municipal Water

and Sewer Department. As concluded by Linaweaver in A Study of Residential

Water Use, "except for small amounts of leakage, water use during December,
January, and February is almost all domestic use" (Linaweaver, 1967). Even
though lawn sprinkling may be observed in Fort Collins in any one of these
months in any given year, the water consumed during this time was considered
normal household domestic and industrial use. An average was taken in
these months for each year, and multiplied times the remaining number of
months (nine) to determine normal household domestic and industrial use

for the lawn irrigation season (March-November). The difference between
this normal use and the actual use was identified to be Tawn irrigation.
This includes treated water used for irrigation of parks, medians, etc.,

by the city. While it is true that cars are washed and some swimming pools
are used during the spring and summer months, it was assumed that the
absence of approximately 70% of the Colorado State University students

from mid-May through mid-August each year would more than offset this use.
A11 CSU domestic consumption is supplied by the City of Fort Collins, while
the school's lawn irrigation is supplied by its own irrigation lakes.

Since system leakage has been determined by the Municipal Water and Sewer
Department to be approximately 10%, a factor of .9 was applied to each
year's irrigation consumption for years 1960-1977 to determine the approxi-

mate number of gallons applied to Tawns per year. System leakage was no
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doubt occurring prior to 1960. However, it cannot be determined what

that leakage may have been. Since present lawn irrigation trends seem

to have begun around 1960, and the system was no doubt old enough to have
substantial wear, the Teakage coefficient was applied beginning with that
year. Figure IV-1 shows percentage of total treated municipal and in-
dustria] water consumption used for Tawn irrigation from 1925 through 1959
(no system leakage considered). Figure IV-2 shows percentage consumption
used for Tawn irrigation from 1960-1976. Note that 1961 and 1967 were low
irrigation years and that rainfall in both those years was over 20 inches.
The average percentage of domestic and industrial consumption used for lawn
irrigation from 1969 through 1976 is 38.1. This compares with the average
throughout the Front Range in normal years.

Figure IV-3 shows the rise in total municipal and industrial consump-
tion and the rise in lawn irrigation use. Note that while lawn irrigation
increases are not directly proportionate to increases in total consumption,
the increases follow a very similar pattern. Figures IV-1 and IV-2 seem
to indicate that percentage use for lawn irrigation is not necessarily
affected by slight variations from the approximately 14.5 inches of annual
rainfall. However, extremely high rainfall seems to Tower lawn irrigation
appreciably (note 1951, 1961, and 1967). The effect of extremely low
rainfall seems to be dependent upon whether or not the rainfall periods
are during the summer months. Rainfall data was not available for the
years 1974 or 1975.

Lawn irrigation represented approximately 37.7 percent of total
consumption on 1976. Since this was very close to the 69-76 average, it
was the most recent year, and related data was available; a monthly break-

down of 1976 Tawn irrigation was compiled. The private lawn irrigation
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FIGURE IV-1
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FIGURE IV-3

TOTAL YEARLY CONSUMPTION AND LAWN IRRIGATION

Total Consumption \\/////f;

Million _ -
Gallons Total Irrigation ~ -~

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

5500

Year

foumrt

e

et |

et
et

—

L4

25

30

35

40

45

50

55

60

65

70

75




Vo ey ek i gt o T

L et e

-43-

was determined by subtracting irrigation by the city. Private irrigation
for 1976 was determined to be 1,981,602,000 gallons. The monthly per-
centage of total irrigation (municipal and private) occurring in that
month was applied to this figure for each month to determine the private
irrigation for that month. Each month's total was divided by irrigable
residential acreage (2439) to determine a monthly per acre total. Each
monthly per acre total was divided by the number of days in that month,
then multiplied by seven to determine gal/ac/wk for that month. This

was divided by 326,000 to determine acre feet/wk., which was converted to
inches per week by multiplying by 12. A factor of .9 was applied to each
weekly inches total to allow for system leakage. Figure IV-4 shows the
monthly breakdown for the year. Note that the highest irrigation use
occurs in July at 1.73 inches per week. Since this is based on all
residential acreage it is reasonable to assume that many homeowners use
less than this and some use more.

Lawn irrigation is the most visible and single most consuming water
use in Fort Collins. Much of this water is lost through evaportranspiration.
The rest either runs off and is collected in the sewer system which flows
into the river, or percolates into the ground and eventually winds up in a
stream or underground aquifer.

The major reason for concern with lawn irrigation is that it could be
redyced, not only in drought years, but as a regular practice. One way to
reduce lawn irrigation is to reintroduce native plants which survive on
small amounts of moisture. Since this may not be realistic as an immediate
measure due to the desire at present by so many people in Fort Collins to

have Tush green lawns, the next best thing may be to "harden" lawns to take
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FIGURE IV-4

CALCULATION OF MONTHLY BREAKDOWN, 1976 LAWN IRRIGATION

Average normal domestic and industrial monthly use

Mo. normal use, Mar.-Nov.
Actual use for Mar.-Nov.

Difference - lawn irrigation

City used (parks, medians, etc.)

Total private irrigation

% Total
Month Used for Irrigation
Mar. .8
Apr. 7.0
May 8.6
Jun 22.5
Jul 28.5
Aug. 17.3
Sep 10.0
Oct 4.0
Nov 1.3

Breakdown of City Residential Acreage*

Type Unit Acres Occupied
Single Family 2,366
Duplex 105
3-6 Family Apts. 91
7-13 Family Apts. 48
Over 14 Family Apts. 124
Mobile Homes 104

Avg. single family unit

Avg. duplex unit

Avg. apt. unit: 3-6 family complex
7-13 family complex
14 + family complex
Mobile homes

sq.
sq.
sq.
sq.
sq.
sq.

Total area occupied by dwellings

ft.
ft.
ft.
ft.
ft.
ft.

239,100,000 gal.
2,151,900,000 gal.
4,222,800,000 gal.
2,070,900,000 gal.
89,298,000 gal.
1,981,602,000 gal.

Gallons

Private Irrigation

X X X X X X

Total Residential Acreage

Occupied by dwellings

Acreage to be irrigated

15,852,816
138,712,140
170,717,770
445,860,450
564,756,570
342,817,140
198,160,200

79,264,080

25,760,826

# Units

11,130
1,074
1,304

955
2,935
837

11,130
1,074
1,304

955
2,935
837

mmnan nn
—_
ot

470
2,909

470

2,439

*Information furnished by Planning Department, City of Fort Collins

acres
acres
acres
acres
acres

acres

acres

acres
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FIGURE IV-4 (Cont'd)
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less water and still maintain a nice green appearance. Peter H. Dernoeden

in his thesis, Variety Tolerance to Drought in Kentucky Blue Grass, relates

a procedure in which he was able to apply water to various varietie§ of blue
grass only once every three weeks while it maintained what he described as

a quality appearance (Dernoeden, 1976). According to Dernoeden, quality
turf in the arid United States may require as much as 18 to 20 inches of
water in addition to natural rainfall. Recommendations of up to an inch

and a half of lawn irrigation per week have been made in some publications
to maintain a Tush green lawn (Conserve, 1977). At this rate, a person

in Fort Collins would sprinkle 36 inches of water on his lawn in a six-
month irrigation season, and 42 inches in a seven-month irrigation season.
This means the people of Fort Collins may over-irrigate from 44 to 52 percent
if they sprinkle their lawn at 1-1/2 inches per week. As shown earlier, if
1976 is a normal year, over 1-1/2 inches is applied some summer weeks, but
the average for the summer months is about 1.4 inches. As stated earlier,

a logical way to cut down on the need for lawn irrigation would be to

plant native materials. Another way would be to cut down on the amount of
yard area containing plants. A study done in New Mexico showed that
homeowners with 90 to 100% of the yard in plant materials apply 88% more
water per home than where only 50 to 70% of the yard is in plants (Chavez,
1973). If people insist on having green grass lawns, and indications are
that they will, the knowledge of how to attain such lawns with less water
should be disseminated to the public. Many of the things that Dernoeden
found in his research could be related to Fort Collins and throughout the
arid west, for that matter, by way of a short, concise pamphlet containing
instructions on how to "hardenf a 1éwn. Lawn hardening is discussed in more

detail in Section VI.
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Even though lawn irrigation makes up such a large part of municipal
and industrial water use, it is by no means the only area of concern.
Although Linaweaver concluded that in-house domestic water use was about
the same whether users are metered or not (Linaweaver, 1967), S. Hanke
disagrees. In a 1969 study of Boulder, Colorado, Hanke found that meters
installed in Boulder in 1962 and 1963 caused household domestic use to
drop thirty-six percent (Hanke, 1969). He found further that this reduced
consumption remained constant from then on. Not many studies of this type
have been done, but this finding should at least indicate that a reduction
of household use is indeed possible.

We have come to take water for granted in our homes. We think nothing
of letting the water run unnecessarily while we go about washing vegetables,
brushing our teeth, shaving, etc. No known estimates have been made as to
how many gallons could be saved if people were more careful to use only
the water necessary for such things, although recent conservation programs
in California recommending such practices as well as other methods have
shown significant savings. Very simple arithmetic will reveal that if
each person in Fort Collins had saved one gallon of water per day by being
more cautious, there would have been a savings in 1975 of 20,376,125
gallons of water. This is enough water to last one person three 1jfe-
times (230 years) using the per capita use rate for Fort Collins in 1975
(243 gpd). It is very difficult to convince a person that the one gallon
he or she might save is a necessary part of such a savings.

It has been shown that one leaky faucet can waste as much as 2,200
~gallons of water per year (Conserve, 1977). A city such as Fort Collins

with one Teaky faucet in each of its approximately 18,000 households could
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waste as much as 39,600,000 gallons per year. Surprisingly enough, this
would be an approximately 90% savings considering the present leakage in
the system. The Fort Collins Water and Sewer Department did a leakage
study by monitoring water use between the hours of 1:00 a.m. and 4:00 a.m.
with all known users being metered. They found a leakage of about 10
percent, or 1 million galions per day, most of which they attributed to
leaks in private homes. This leakage would amount to approximately 365
million gallons per year. It is interesting to note that Hanke mentioned
in his study that the reduction in household consumption when Boulder
installed meters may very well have been partly due to individuals re-
pairing leaks in their plumbing systems.

Plumbing fixtures such as toilets can develop leaks which may go
undetected. With water available at low cost, and especially at a flat
rate there is Tittle, if any, incentive to correct such a leak given the
cost and time involved to do it. Even when a toilet is working correctly,
it will use three to seven gallons each time it is flushed. The toilet
unfortunately is often used as a trashcan, and ways should be sought to
reduce the number of times it is flushed in a day. Of course, water
saving devices such as bricks or water-filled containers may be used to
reduce the amount of water necessary for the toilet's operation. Showers
can be fitted with a Tow volume head and low volume toilets are available.
Dishwashers and other Tuxury appliances should be used wisely; for in-
stance, washing only full dish and clothes loads to make use of the
minimum amount of water. Garbage disposals could be used when full
rather than each time waste is placed into them. Cooking may be done

with 1ids on pans so that extra water doesn't have to be added. Cars
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could be washed with a minimum amount of water, and rinsed only after the
car is completely washed so the water won't run continuously. When
cleaning in the house, water need not be left running. Insulating hot
water pipes would preclude having to run Targe amounts of water waiting
for it to turn hot. Driveways and sidewalks should be swept with a broom
rather than washed off with a water hose. While it is doubtful that
anyone in Fort Collins would deliberately defy any of these suggestions so
as to waste water, the fact remains that there is little incentive to

do any of these things to save water. This is especially true if the
conservation measures cost money, since saving water will save no money.
Only those concerned with saving water for saving water's sake will go to
any trouble or expense to do so without further incentive.

Fort Collins Water Restrictions, Summer 1977

As this report was being prepared, a change occurred in the water
use in Fort Collins. The Fort Collins Water Board had not planned to
restrict water use throughout the summer of 1977 due to what appeared to
be an adequate water supply. They had hoped to achieve a 10 to 15
percent reduction in use by way of a promotional volunteer program.

At the end of April, a 16 percent savings in water consumption had been
realized. However, by June only 4 percent had been saved. According to
the City's water utilities director low precipitation, an increase in
population, and a 700 acre feet water Toss due to treatment plant con-
struction problems were all factors contributing to the availability of

less water than what was planned for (Fort Collins Coloradoan, July 10,

1977),  However, good planning involves trying to prepare for the un-

expected. The water board had planned to store about 4,000 acre feet in
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high mountain reservoirs for next year since predictions have been made
that 1978 may be the worst year of the drought. Chambers Lake and Long-
draw Reservoir are being used for this storage since the City has no
storage space of its own. Approximately one-half of the storage has been
accomplished, but to save an additional 2,000 acre feet the water

director predicted water use through early October would have to be
reduced 25 percent below normal. In order to do this, the City would

have to 1imit lawn watering to one day a week (Fort Collins Coloradoan,
July 10, 1977). The board considered this as an alternative. They also
considered Timiting watering to twice a week on a rotation system
alternating varijous sections of the city. They proposed to the City
Council, as the best alternative, to simply restrict Tawn watering

between the hours of 10:00 a.m. and 4:00 p.m. and between 10:00 p.m. and
4:00 a.m. daily. City Council decided to enact the alternative restricting
watering to twice a week on a rotation system combined with 1imiting the
legal watering times to between 4:00 a.m. and 10:00 a.m. and between 6:00
p.m. to midnight. According to the City water director this could result
in a 25 percent savings over the remaining months and thus make possible
the additional 2,000 acre feet of storage (Triangle Review, July 13, 1977).
The Tawn watering restrictions went into effect on July 15, 1977. A
newspaper article in the Fort Collins Coloradoan on the next day reported
that the City had found some violations of the restrictions, but that

most residents had been cooperating. On July 18, 1977, the same newspaper
reported that on July 14, the day before the restrictions went into effect,
the supply in the City's water tanks had dropped to the four and one-half

foot level. Water pressure becomes critical below the nine foot level.
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On July 15, no watering was allowed at all, and the water Tevel rose to
the maximum level of 22 feet. As of July 18, the level had not dropped
below nine feet since the imposition of the restrictions. Preliminary
data was reported as showing that consumption for July 15-17, 1977 was

thirteen percent below that for July 15-17, 1976.
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SECTION V
AGRICULTURAL WATER MANAGEMENT

General

As has been previously pointed out, water in the west goes pre-
dominantly to agriculture. Depending on the region, economy, and other
factors, the percentage ranges from about 35 percent to about 97 percent.
In the semi-arid sections of Colorado, the irrigation of crops accounts
for some 80 percent of the water use in the region.

Those in agriculture hope to keep or increase this water use, while
some urban interests would Tike to reduce the agricultural 'take' in
order to provide more water to domestic and industrial uses. As agricultural
land has been urbanized, it has been found that the amount of water used
for irrigation is about the same as that used for the same area under
urban conditions. Thus, some cities, such as Fort Collins, require the
water rights held by a farmer to pass with his land should it be annexed.
This will provide, then, the water needed by the urbanizing areas. However,
as non-municipal urban areas grow and as the pressure increases to main-
tain agricultural areas, the water supply problem will multiply. Given
the economic pressure for use of water for energy resources recovery, in
this area also, the outlook is very serious.

Of all areas of farm and ranch management, the one least studied and
most open to new innovation, is clearly irrigation. Water is usually
applied as liberally as it is available and by the easiest, most
economical methods available, not those allowing most conservation.

There are exceptions, of course, with certain dryland farming methods
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and during periods of scarce water. Yet even then the most common
technique is the reduction in the number of irrigated acres and pressure
for additional water development projects for more water sources.

Conservation and management of water in agriculture has the potential
of providing an amount of water for urban use, or wider agricultural use,
which is equal to the amount of water currently used in urban areas along
the Front Range of Colorado. Whether the co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>