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ABSTRACT
IRRIGATION SYSTEM CONSOLIDATION

The historical development of irrigation systems in
northeastern Colorado is traced from early attempts through present
day development. A sample area near Fort Collins, Colorado, is
analyzed to determine whether consolidation of separate canals is
feasible and beneficial. The results of the study indicate that

favorable benefit-cost ratios can be obtained from this type of

project.

Michael Wayne Biggs

Department of Civil Engineering
Colorado State University

Fort Collins, Colorado

March 1968
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Chapter I
INTRODUCTION

Early Development

Present-day Colorado became American territory as part of the
Louisiana Purchase in 1803. Preliminary exploration of the area in-
dicated that the region was too arid to be of agricu_tural value.

The first settlements in the area were trading posts set up to
deal with the Indian tribes and trappers for beaver Zurs. Gradually,
the beaver trade diminished, and the settlers turned to mining for an
occupation. Gold was discovered west of Denver in 1859, and a period
of rapid growth followed during the 1860's. The large influx of gold
seekers created markets that could not be supplied by the slow-moving
freight trains from St. Louis. Food prices rose to exorbitant levels
under these conditions.'>" Many miners who had been unable to find
easy wealth turned to farming as a means of livelihood. Many of the
first attempts at irrigated agriculture were started by groups of
farmers diverting water from the rivers and streams Zo irrigate a near-
by portion of land. These canals were generally of low capacity, and
they followed the contour of the land since no equipment was available
for large-scale earthwork.

As the development of the irrigation system progressed, the
early canals were enlarged and extended to irrigate new areas more
distant from the rivers. In addition, later settlers were building
new canal systems. These later canals usually served land which was
more distant from the stream and passed through rougher terrain. As a
result, these canals were much more expensive. Regardless of the lack
of planning and experience, early irrigation was highly successful.

The period from 1870-1900 was an era of great expansion in the
irrigation of the western states. Throughout this p=sriod, private
enterprise was the main impetus for development. Thz early federal
legislation related to the irrigation developments in the West tended
to favor development by private enterprise. The first legislation in
this area was the Act of July 26, 1866. This Act left the development
of irrigation 'to local customs, laws and decisions of courts.'" Through
this Act, the federal government surrendered the control of non-navigable
waters to the individual states.

The second federal act of importance was the Desert Land Act of
1877. Through this Act, a title could be obtained to 640 acres of arid
land by conducting water onto the land and reclaiming the land within

*
These numbers refer to the references listed at the end of the text.



three years. A cost of $1.25 per acre was charged for the land. Desert
lands were defined as 'lands exclusive of timber lands which will not,
without irrigation, produce some agricultural crops.' Approximately

ten million acres of land were patented under this Act, and all have
been developed by private enterprise. This Act was considered to be a
very successful legislative achievement.

The Carey Act (1894) was expected to be a major milepost in
the reclamation of the western states. The purpose of this law was to
aid in the reclamation of desert lands in the public-land states.
Under the provisions of this Act, each state was allotted one million
acres of desert land, and the state was to enact supporting legislation
to provide for the irrigation and reclamation of this land. The states
were required to submit irrigation plans and maps to the federal
government showing the proposed facilities. If these plans were ap-
proved, the lands were then reserved for use by the states. On the
whole, the Carey Act was not very successful. Increasing construction
costs were the main reason for its failure.

As the development of the irrigation systems prozressed, water
shortages became prevalent due to the large number of canals. In the
period from 1890 to 1900, supplementary storage reservoirs were con-
structed to store off-season flows. Most of the easy, low-cost canal
systems were completed by 1900, and over eight million acres were being
irrigated in the western states.

The pressure on the federal government to actively enter the
reclamation program increased in the years following the Carey Act
for two reasons: (1) to provide water storage to insure a dependable
supply for existing irrigation projects, and (2) to provide a full
supply for additional lands at greater distances from the watercourses
which could be economically reclaimed.l5

In 1901, the Congress held hearings on proposed legislation
which would bring the Federal government into the reclamation field to
undertake projects beyond the ability of private enterprise. These
hearings were useful in that they provided necessary data concerning
the irrigation potential of the western states and raised many pertinent
questions. The eventual outcome of the hearings was the Reclamation
Act of 1902. This Act provided for the establishment of a Reclamation
Fund in the Treasury of the United States to receive all moneys from
the sale and disposal of public lands in the western states. The
Reclamation Fund was to be used for the examination, survey, construction
and maintenance of irrigation works. Under this Act, an individual owner
could not apply for water in excess of that needed to serve 160 acres.
This 160-acre limitation is still in effect on all Bureau of Reclamation
projects.

The major problem in the early years of operation under the
Reclamation Act was a shortage of money. In order to partially alle-
viate this problem, in 1910 the Reclamation Fund was augmented by a ten
million dollar loan.



In 1924, Congress enacted the Fact Finders Act which established
procedures for undertaking new reclamation projects. This Act provided
for more lenient repayment of construction costs and transfer of the
projects to the farmers for operation and maintenance. It also required
the Secretary of the Interior to acknowledge that the project had ade-
quate water and was feasible from an engineering standpoint.

The Reclamation Act of 1939 was important because it further
modified the repayment requirements of water users to coincide with
their crop income. In addition, this Act recognized the importance
of power and municipal water in determining project feasibility and
modified the rules of feasibility to provide for recognition of flood
control and navigation benefits. In making allocations under the pro-
visions of this Act, the Secretary of the Interior is permitted to
classify navigation and flood control costs as non-reimbursable.

Subsequent legislation in the reclamation field has mainly
been an extension or clarification of the Acts previously discussed.

Water Rights

The rapid development of the arid western states was largely due
to their potential mineral wealth. Agricultural development was under-
taken in all areas as a means of supporting the growing population and
as an alternative for disappointed miners who had been unable to find
wealth quickly and easily. One of the major developments of this sit-
uation was the formulation of a new system of water rights.

In regions where the water supply is less than the demand, legal
doctrines have been established to control the use of surface waters.
In most humid areas, water rights are determined in accordance with the
common-law riparian rights doctrine. 1In the western United States, the
riparian doctrine was found to be unsuitable for the unique situations
caused by large scale mining and irrigation. The doctrine of appropri-
ation was evolved to satisfy the distribution of water for consumptive
use.

The Riparian Rights Doctrine - Under the riparian rights doctrine,
the owner of land adjacent to a natural watercourse is entitled to re-
ceive the full natural flow of the stream, undiminished in quantity or
quality. Landowners with riparian rights may use all the water neces-
sary for domestic purposes and the watering of livestock. This system
does not make the provisions necessary for consumptive uses, such as
irrigation and mining.

Riparian rights are limited to riparian land, and, under most
circumstances, they cannot be lost through non-use. The riparian
doctrine does not specify any fixed point of diversion, and dams may
be constructed to retain water if no injury results to the rights of
other property owners.



The Doctrine of Appropriation - The economic base of the arid
western states is dependent upon the consumptive use of water. The
appropriation doctrine was instituted to serve these areas and the
special problems introduced by the large-scale consumptive use of water.
Under this system, both riparian and non-riparian landowners are allowed
to file claims to divert water from streams or other bodies of water as
long as their claims do not conflict with previous claims. In this
manner, a system of priorities develops under which each appropriator
has a recognized exclusive right to divert water from the stream up to
the full amount of his decree, providing that there is sufficient water
to satisfy all prior appropriators. The principal features of the doc-
trine of appropriation are summarized as follows:

(1) It gives an exclusive right to the first appropriator.
Later appropriations are provisional and justified only if all prior
decrees are satisfied;

(2) 1t makes all rights conditional on beneficial use;

(3) Water may be diverted to both riparian and non-
riparian lands;

(4) Diversion is permitted regardless of the diminution
of the stream; and

(5) Continuation of the right depends on beneficial use.
Non-use may result in the cancellation of the right.

In contrast to the riparian concept, the doctrine of appropria-
tion requires administrative procedures. Action of administrative
boards and courts is required in defining and adjudicating water right
conflicts, and administrative procedures must be established for the
filing and recording of claims. In addition, ditch riders and water
masters are required in order to make certain that appropriators do
not exceed the specified amount of their decree,



Chapter II
WATER SUPPLY

River Diversion

The four canals included in this study are the Arthur Canal,
the Larimer County Canal #2, the New Mercer Canal and the Pleasant
Valley and Lake Canal (Highline). All four of these canals divert water
from the Cache la Poudre River near Fort Collins, Colorado. The loca-
tion of the study area is shown in Fig. 1.

Since the volume of water available to these canals is highly
dependent on the flow of the Cache la Poudre River, a wide variation in
yearly diversions would be expected. The average annual runoff is
about 288,900 acre-feet, and the peak flow usually occurs during the
first half of June.?0 River hydrographs for 1954 and 1965 are shown
in Fig. 2. The flow distribution for 1954 was one of the worst on re-
cord, while 1965 was above average. The wide variation in river dis-
charge is clearly evident from comparison of these two hydrographs.
Widespread water shortages have occurred in years of low runoff.

In order to use the available water more effectively, an exten-
sive and complex system of water exchanges has evolved. This system
relies more upon the accounting of water than upon the strict applica-
tion of priorities. The basis for this development is the physical
availability of plains storage reservoirs interconnected with the
canals. In addition to this purpose, these reservoirs serve the pur-
pose of storing surplus runoff that would otherwise be wasted and also
serve an extremely useful function as flow regulators.

The major disadvantage arising from the use of these shallow
plains storage reservoirs is the high evaporation rate (approximately
1.75 ac. ft./acre of surface/season). In many instances, the res-
ervoirs are the source of seepage on lands near the canal systems.

Many of these plains storage reservoirs could be converted to
upstream river storage sites. This would result in improved efficiency
and conservation of water, since upstream storage would consist of deep
reservoirs with proportionally smaller surface areas. Upstream dams
could also be used to give flood protection to the city of Fort Collins.
Consolidation of the plains storage reservoirs would also provide
additional land for farming, ranching or urban development.

Preliminary Bureau of Reclamation studies have indicated that
the consolidation of the storage reservoirs is not economically justi-
fiable at the present time. Eventually, as the demand for water in-
creases, the consolidation of these storage reservoirs will be more
seriously considered.



NCWCD SERVICE AREA
————— CONSOLIDATION STUDY AREA

S %
Y ANIARY
=\,
R RIVER GREELEY
&/  LOVELAND 7///
e 1P o, g
7
—
LYONS ,
2 sy &

&
34  LONGMONT

2 CREEK

- L4

Fig. 1 - Location of Study Area



DISCHARGE IN CUBIC FEET PER SECOND

4000

3000

2000

1000

HYDROGRAPH FOR THE CACHE LA POUDRE RIVER
AT FORT COLLINS, COLORADO
MAY TO SEPTEMBER

DRAINAGE AREA =1055 Sq.Mi.

1965

1954

[ S AT
ifw A 'I \
’I \/4» \f’ ) \\‘
/ \a, A
N WA
v/ lﬁ\ A

/ | J ~\*¢'I \\!\‘xu'\J/“\-’ b=
MAY JUNE JULY AUGUST SEPT.

Fig. 2 - 1954 and 1961 River Hydrographs



TABLE I. WATER RIGHTS ON THE CACHE LA POUDRE RIVER
Company Priority Date Decree River Flow
Number Required to
Fill the

Decree iD_CFS

Arthur

Highline
Highline 1st Enl.
Larimer Co. #2
Arthur

New Mercer
Arthur

Arthur

New Mercer

Arthur 1lst Enl.

New Mercer 1lst Enl.
New Mercer 2nd Enl.

Highline 2nd Enl.
Arthur 2nd Enl.
Larimer Cc. #2
Arthur 3rd Enl.
Highline 3rd Enl.

New Mercer 3rd Enl.

6- 1-1861 0.72 4,22
4 9- 1-1861 10.97 27.58
11 6-10-1864 29.63 224.01
14 5- 1-1865 4.00 300.00(app.)
19 7- 1-1866 2.16 335,15
25 10- 1-1867 7.03 391.89
29 6- 1-1868 2.16 403.41
32 6- 1-1869 1.67 481.25
33 9- 1-1869 4.17 485.42
38 4- 1-1871 31.67 693.51
47 10-10-1871 8.33 1,047.84
49 7- 1-1872 15.00 1,085.22
51 7-10-1872 16.50 1,164.85
52 7-20-1872 18.33 1,183.18
57 4- 1-1873 175.00 1,573.31
66 9- 1-1873 52.28 1,682.77
92 8-18-1879 80.83 2,867.41

99 2-15-1880 136.00 3,340.36




All of the canals included in this study are unlined canals
with decreed capacities ranging from 109 to 179 cubic feet per second.
A complete list of canal decrees is shown in Table I. These canals
were built by co-operative effort with interested individuals contri-
buting most of the necessary labor. Due to the fact that they were
constructed without elaborate equipment, the canals follow the contour
of the land in a sinuous fashion. Typically, the canals have a physical
width of about 20 feet, flow with depths up to five feet and velocities
up to three feet per second for various flow conditions.

The present form of ownership is incorporated mutual companies
with the water users as stockholders. Due to the proximity of the
canals, many farmers have stock in more than one canal. This is
especially true for farmlands which are served by the Larimer County
Canal #2 and by the New Mercer Canal. Funds for the necessary upkeep
and general maintenance are provided by annual assessments on a per
share basis. In an effort to keep assessments low, maintenance has been
held at a minimum. Usually, only enough maintenance is performed to
enable the distribution of water for the coming season. As a result,
the general condition of the systems is not good. Many structures are
inadequate and some have been left isolated in the middle of the chan-
nels by the widening of canals. General erosion is evident in many areas.
In addition, large trees are located near many of the canals. These
trees use water, weaken the canal banks with their root systems and
generally interfere with operation. Leaky sections of the canals are
commonly ignored, resulting in the seepage to adjacent lands.

Table II shows the annual costs for water delivery for each of
the four canals. The assessments for the year 1966 are used as a basis
for determining costs. The total assessment for each canal can be con-
sidered to be the total cost for operation, maintenance and administra-
tion. On this basis, the combined operation cost for the four canals
is approximately $26,300 per annum.

TABLE II. CANAL OPERATING COSTS

Number Assess. Operation & Annual Av. Ann. Cost of Work

Company of in Maint. River Diver. Per Acre-Ft
Shares 1966 cost in Acre-Ft of River Water

Arthur 1500 $ 3 $4,500 5,778 $ .78

New Mercer 148 29 4,300 4,717 0.91

Larimer

Co. #2 187 30 4,700 7,102 0.66
Highline 256 50 12,800 14,119 0.91
Total $26,300 31,716 $0.83 (Av.)

In order to compare the water supply characteristics of each
canal, flow records for the 1951-1966 period have been compiled to
determine the volume of flow. The original data was obtained from daily
flow records of W. G. Wilkinson, District No. 3 Water Commissioner. It
must be remembered that most of the irrigation water comes directly from
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the flow of the Cache la Poudre River. Consequently, the periods of
high canal flows occur during the early part of June in conjunction with
the peak river flows. The water must be used as it becomes available
since there is no upstream storage and only limited plains storage.

As a result, most irrigation water applicat*ion does not coincide with
optimum crop water requirements. In August and early September when
many crops are reaching maturity, there is often a serious shortage of
available irrigation (river) water.

These conditions led to the development of the Colorado-Big
Thompson Project which annually supplies nearly 260,000 acre-feet of
supplementary irrigation water to eastern Colorado.18 The C-BT water is
used primarily for irrigation in the latter part of the irrigation
season. Approximately 6,400 acre-feet of C-BT water are used annually
in the area served by the four canals.

The major features of water supply for the canals are shown in
Figs. 3, 4, 5 and 9. The graphs show the average flow conditions for the
16-year study period and the worst flow condition for the canal in the
past 16 years. The flow data were compiled on a semimonthly basis in
order to obtain the data for plotting these charts. The C-BT water is
shown cross-hatched on these charts to separate it from river diversion
water. Tables VI through XX, which are in the Appendix, summarize the
canal diversion data.

Arthur Canal

The Arthur Canal holds seven decrees on the Cache la Poudre
River. These decrees were filed between 1861 and 1873 and specify a
maximum diversion of 108.99 cfs. Many of these decrees are among the
earliest filed on the river, and hence, the Arthur Canal has a fairly
dependable supply of water with a mean annual diversion of 5,778 acre-
feet and an estimated variance of 750 acre-feet. 1In addition, the
Arthur Canal carries an annual average flow of 970 acre-feet of C-BT
water and approximately 140 acre-feet of rental water.

The Arthur Canal diverts from the river at an elevation of
5,010 feet above sea level and terminates in Nelson Reservoir at an
elevation of 4,958 feet. The canal is approximately 8.2 miles long and
has an average slope of nearly six feet per mile. There are approxi-
mately 1,920 acres of land under irrigation from the Arthur Canal with
an average duty of water over the l6-year study period of 3.56 acre-
feet per acre. Average flow conditions are plotted in Fig. 3-A. The
farms under irrigation from the Arthur Canal have a much greater supply
of water per acre than the other canals. For this reason, the Board of
Directors on the Arthur Canal have not expressed an interest in con-
solidating the canals. In addition, much of the land served by the
Arthur Canal is being developed as residential housing. As the city
grows, most of the land served by the Arthur Canal will probably phase
out of agriculture.

The Arthur Canal would probably not be included in a consolidated
system for these reasons. In addition, expenses would increase on the
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canal due to the large capital investment which would be required to
update the equipment on the Arthur Canal while the value of the water
savings would not offset the increased expenses.

The 1958 flow distribution curve for the Arthur Canal is plotted
in Fig. 3-B. This condition represents the most severe ~low condition
of the 16-year study period. The flow conditions on the Arthur Canal
ranged from a maximum total diversion of 8,380 acre-feet in 1960 to a
minimum total diversion of 5,370 acre-feet in 1951.

New Merc2i Canal

The New Mercer Canal holds five decrees for river flow. The
decrees were filed between 1861 and 1880 and specify a maximum river
diversion of 170.53 cubic feet per second. The last decree, filed on
February 15, 1880, is for a flow of 136 cfs. 1In order to divert the
full amount of the last decree, the river flow must be over 3,300 cfs.
This decree is usually in effect about one week per year. Hence, the
dependable flow for the New Mercer Canal is approximately 35 cfs. The
mean river diversion for the 1l6-year study period was 4,717 acre-feet,
with an estimated variance of 1,604 acre-feet. The large variance is
due primarily to the effect of the river decree of 1880. Nearly 2,000
acre-feet of C-BT water is carried annually by the New Mercer Canal.
Water rental accounts for an additional 239 acre-feet of water annually.
The flow conditions on the New Mercer Canal ranged from a maximum total
diversion of 8,672 acre-feet in 1957 to a minimum total diversion of
4,170 acre-feet in 1961.

The New Mercer Canal diverts from the Cache la Poudre River
northwest of Fort Collins at an elevation of 5,065 feet and flows
in a generally southeasterly direction until it terminatss at Mail
Creek (elevation 5,025). The canal is about 12.8 miles long and has
an average slope of 3.1 feet per mile.

The average flow distribution curve for the New Mzrcer Canal
is plotted in Fig. 4-A. It should be noted that the New Mercer Canal
uses C-BT water throughout the irrigation season. Peak demand for
C-BT water usually occurs between August 15th and Septemder 15th. The
tremendous value of C-BT water to the New Mercer Canal is very evident
from the graph.

Figure 4-B is a plot of the flows during 1961. It is readily
observed that the volume of flow is far below average and that less
C-BT water was available in 1961. It is also important to note that
no water was used by this canal prior to June 15th.

Although the actual amount of water diverted by the New Mercer
Canal and by the Arthur Canal is nearly equal, there is nearly three
times as much irrigated land under the New Mercer Canal as there is
under the Arthur Canal. The duty of water under the New Mercer Canal
is about 1.19 acre-feet per acre. The New Mercer Canal delivers river
water at an average cost of $0.91 per acre foot (based on operation and
maintenance costs).
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Larimer County Canal #2

The Larimer County Canal #2 has only two decrees to obtain water
from the Cache la Poudre River. A decree filed in May, 1865, permits
the diversion of 4.0 cfs, and a decree filed in April, 1873, allows for
a diversion of 175 cfs. The river flow required to fill the latter
decree is 1,573 cfs; as a result, this decree is effective only for
short periods of time when river flows are at a maximum. The resultant
river flow distribution curve shown in Fig. 5-A rises to a rapid peak
near June 15th and then decreases rapidly through July. After the end
of July, the majority of flow in the canal comes from the C-BT Project.

The mean annual diversion for the Larimer County #2 Canal is
7,102 acre-feet with an estimated variance of 2,798 acre-feet. 1In
addition, the Larimer County #2 Canal carries an annual average flow
of 2,301 acre-feet of C-BT water and approximately 640 acre-feet of
rental water. The flow volume of the Larimer County Cangl #2 is the
most erratic of the four canals. In years of high runoff, the canal
has an abundance of water, while in years of drought the canal runs
very low except for quantities of supplemental water. The irrigation
flows in the Larimer County Canal #2 for 1954 are particularly interest-
ing. The flow distribution curve for 1954 is shown in Fig. 5-B. Sig-
nificant volumes of river flow occurred mainly between Mzy 15th and
June 15th. Approximately 65% of the water used by this canal in 1954
originated from the C-BT Project. This was the first year that C-BT
water was available in this area, and its impact was felt immediately.

"In the severely dry year of 1954, the (C-BT) project
supplied 300,352 acre-feet of supplemental water and
was credited with production of $22,000,000 worth of
the $41,000,000 crop grown during the season. Without
project water, the area would have suffered a catas-
trophe of far reaching proportions."18

The Larimer County Canal #2 diverts from the Cache la Poudre
River at the same diversion structure as the New Mercer Canal. These
two canals are parallel throughout their lengths with a maximum sep-
aration between them of about one-half mile. The Larimer County Canal
#2 - New Mercer Canal diversion dam is in extremely poor condition as
is shown in Fig. 6. The structure has serious cracks, and spalling of
the concrete has occurred due to moisture and temperature extremes.
A typical picture of the Larimer County Canal #2 cross section is
shown in Fig. 7. This picture is typical of the banks on all four
canals. The Larimer County Canal #2 carries a maximum flow of 175 cfs
down to Warren Lake for storage; therefore, it is fairly uniform in
cross section throughout its length. This canal terminates at Mail
Creek at an elevation of 4,995 feet and has a length of 13.3 miles.
The slope is approximately 5.2 feet per mile. The duty of water under
this canal is 1.67 acre-feet per acre.

Improper energy dissipation techniques at the entrance to
Warren Lake have led to large scale erosion. The width of the channel
is approximately 30 feet, and the channel has scoured to a depth of
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Fig. 6 - New Mercer - Larimer Co. Canal # 2 - Diversion Structure
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Fig. 8 - Larimer Co. Canal #2 - Warren Lake Channel Erosion
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about 25 feet. Figure 8 shows the magnitude of the erosion at the
entrance to Warren Lake.

Highline Canal

The earliest decree on the Highline Canal dates back to September,
1861. 1In all, four decrees are held by the Highline Canal. The maxi-
mum river diversion is about 138 cubic feet per second. This canal
diverts from the Cache la Poudre River at an elevation of 5,190 feet
above sea level and flows southeasterly. The canal does not enter
(at the present time) any of the residential areas of Fort Collins.
The canal terminates at Fossil Creek, 19.7 miles from its diversion
point at an elevation of 5,100 feet. The slope of the canal is 4.57
feet per mile. The last decree on the canal was filed on August 18,
1879, for about 81 cfs. This decree is not very effective since the
river flow must be 2,870 cfs before it can be filled. The base flow
for the Highline Canal arises from the first two decrees. The Highline
Canal has a mean annual river diversion of 14,119 acre-feet with a
variance of 1,920 acre-feet. In addition, the Highline Canal carries
about 1,156 acre-feet of C-BT water and 962 acre-feet of rental water.
The Highline Canal is the only canal which consistently carries large
volumes of rental water.

Approximately 6,140 acres are irrigated under the Highline Canal.
The duty of water is 2.66 acre-feet per acre. The flow distribution
curves for the Highline Canal are shown in Fig. 9. From Fig. 9-A, it
should be noted that the Highline carries significant volumes of water
throughout the entire irrigation season. The peak flcws of C-BT water
are used between July 15th and September 15th.

The lowest total diversion of water in the Highline Canal occurred
in 1961. Figure 9-B shows the flow distribution for that year. Com-
parison with Figure 9-A indicates that runoff was sigrificantly below
average in 1961. The C-BT water helped to even out thke flow during
periods of high demand.

Colorado-Big Thompson Project

After 1900, when the canal and reservoir systems were essentially
complete, the direct streamflow had been overapproprizted. Irrigators
then gave serious thought to tapping the headwaters of the Colorado
River to obtain supplemental irrigation water. The largest of the
visionary transmountain diversion projects was the Colorado-Big Thompson
Project. The C-BT Project collects water from the Colorado River basin
and diverts the water through the 13.1 mile long Alva B. Adams to the
eastern slope of the Rocky Mountains. The water passes through five
hydraulic turbines before being stored in large reservoirs for agricul-
tural and municipal uses. The project was started in 1938 and com-
pleted in 1956 at a cost of 164 million dollars.l18

The C-BT water virtually erased the prospect of widespread
water shortages in the late summer months. Perhaps more important than
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the physical volume of water is the fact that the water can be used

at the discretion of the irrigator. This added flexibility in planning
gives the farmer a slight advantage over the vagaries of nature. In

a great many cases, it would appear that the farmers use C-BT water

as insurance against drought. If the water supply is average or above
average, the individual farmer can usually rent the C-BT water to far-
mers who need supplemental water.

In an average year the C-BT Project conveys up to 260,000 acre-
feet of water to the east slope drainage. The vast majority of this
water is used for irrigation; however, in recent years municipal uses
have increased considerably. 1In the study area, about 6,400 acre-feet
of C-BT water are used annually for irrigation. This constitutes about
16% of the water which is diverted for irrigation.

The general effect of C-BT water on the productive capacity
of northeastern Colorado is reported in "Introduction of Supplementary
Irrigation Water."3

""Generally, farms were enlarged somewhat and farmers
brought more land under irrigation. More land was
planted to intensive, high-water requirement, row
crops and fewer acres to low-value short-season
crops. Yield increases were reported on all crops
grown, particularly row crops and alfalfa. Twice

as many farmers were fertilizing after C-BT water
was used than before and they were fertilizing more
heavily. One can speculate that this is due partly
to the complimentariness between water and fertilizer
and partly to increasing knowledge of the value of
fertilizer .Y

Canal System Consolidation

Existing irrigation distribution systems in the Cache la Poudre
valley form an intricate system of closely paralleling canals and
laterals. These canals were constructed during the periods of rapid
growth with limited amounts of capital and machinery. Some canals
are separated at the point of diversion by only a concrete wall. These
systems stand out vividly in comparison with the well planned, compre-
hensive basin development which is used today.

The complete reconstruction of canal and lateral systems in
most areas would be impractical and, probably, financially infeasible.
However, in some areas, it might be possible to combire the systems
by enlarging the highest ditch and either eliminating the lower ditches
or using parts of them as lateral systems. The following problems will
be found to exist in areas where there are duplicate cor parallel
systems:

(1) An excessive amount of land is required for the water
conveyance system;
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(2) Costly river diversion structures are required to serve
each canal;

(3) The number of farm turnouts is greatly increased because
some farms receive water from more than one canal system;

(4) The number of bridges and culverts is greatly increased;

(5) Seepage and evapotranspiration losses are greater than
for a single canal;

(6) The costs of operation, maintenance and administration
are higher than for a single canal system; and

(7) There is excessive hazard to life and property in
residential areas.

In recent years, water demand for this region has again exceeded
the available supply. This is partly due to the increased demand for
municipal and industrial water and partly due to the increased acreages
of water-intensive row crops. Reservoir sites on the Cache la Poudre
River have been investigated, but the development of these sites is not
economically justifiable at the present time. It appears that the best
way to satisfy the increased demand is to seek a more efficient use of
the existing water supply through the elimination of seepage and evap-
oration losses. The ramifications of this situation are illustrated by
this statement by A. A. Bishop.

""Agriculture, with its widespread irrigation, now
consumes more water than all other uses combined and
will probably continue to be the largest single con-
sumptive user of water. Along with the use of water,
irrigation is probably a major source of waste of the
valuable water resources. This is due in large measure
to the inefficiency of existing canal and distribTBion
systems with their duplication and obsolescence.'

Water is a flow resource. The flow comes in a continuous stream
which is independent of use. From a conservation standpoint, a flow
resource is renewable. In an optimum state of conservation, the maxi-
mum practicable use of flow resources is the goal of the resource user.
In this area, the supply of water is completely appropriated; therefore,
each canal system must increase its efficiency in order to appreciably
increase the effective supply of water. Seepage losses in an unlined
canal vary from 25% to 40% of the water diverted. Using these estimated
figures, the annual loss from the four canals included in this study
is probably between 10,000 and 16,000 acre-feet.
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Chapter III
LAND USE

General

The problems introduced into this study by the expansion of
the city of Fort Collins and the growth of Colorado State University
are reflected mainly in the changing land use pattern to the south and
west of the city. The general tendency for growth is to the south; this
fact is evidenced by the large number of subdivisions being constructed
in this area. In this expanding process, land is taken out of agri-
cultural production and an increased demand is placed on the water
supplies. The amount of land which must remain under agricultural pro-
duction is highly dependent on the crop yields. Decreasing yields due
to past exploitive practices will lead to greater agricultural land
requirements, while increasing yields will allow an expansion of the
residential areas without the necessity of increasing agricultural land
requirements.

The concept of land-use capacity refers to the ability of a
given unit of land resource to produce a net return above the production
costs associated with its use. Land resources are compared by the
monetary or social value of their use-capacity. Comparisons involving
use-capacity always refer to a given period of time. Use-capacity
changes with changes in the resource base, changes in the state of
technology and changes with man's desire for certain types of output.
Changing opportunities and the shift of land to new uses can also have a
marked effect upon the use-capacity of individual pieces of property.

Most lands are suited for a variety of uses. Since there is
no definite system for determining priorities for land use, a wide
variation of opinion exists regarding what lands should be made avail-
able for any given type of use. 1In general, it can be assumed that
landowners will tend to use their land resources for the uses which
will promise them the highest return on their investment. Land re-
sources are at their highest use-capacity when they are used in such
a manner that they provide an optimum return to their operators.

In our society, land resources can usually earn their highest
return when used for commercial or industrial uses. These uses are
often able to outbid other types of uses for almost any site. Residen-
tial uses ordinarily have the next priority followed by various types
of cropland, pasture, grazing and forest uses. The concept of use-
capacity is a desirable goal for the resource user. It should be noted,
however, that the concept is relative to the existing conditions.

In an area such as Fort Collins, where the population growth
is expected to be rapid and continual, there will have to be changes
in land use in order to accommodate the population growth. As popula-
tion increases, the intensity of land use generally increases. When
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studying the intensity of land use, two important concepts are of

value. The intensive margin is defined as the point at which the last
units of labor and capital used barely pay their cost (marginal cost
equals marginal revenue). The extensive margin is usually considered

to be the no rent margin at which the land under optimum conditions

will yield just enough to cover the costs of production (average cost
equals marginal cost). When the physical supply of land is the limiting
factor, operators have a tendency to push their operations to the inten-
sive margin. When a non-land resource is the limiting factor, it is
most profitable for operators to proportion their input factors around
the limiting resource. If the supply of the limiting resource is in-
creased, it will have the effect of increasing both the intensive and
extensive margins of land.

Through the consolidation of irrigation systems, an additional
quantity of water would be made available to the farms. Since irriga-
tion water is a limiting resource in this area, the effect of consoli-
dation will remove some of the constraints on production. With increased
yields, the amount of agricultural land could be held at the present
level and support an increasing population.

By increasing the dependable supply of irrigation water, the
use-capacity of agricultural lands surrounding Fort Collins would be
increased. With higher efficiency and higher profits, the land would
probably remain in agricultural use for a longer period of time, i.e.,
it would be more costly for residential and commercial uses to obtain
additional land.

The City of Fort Collins

Over the past few decades, the growth of the city of Fort Collins
has been steady and continuous. In part, much of this growth is due to
the rapid expansion of Colorado State University. As the city has
grown, land has been taken from agricultural production; residential
areas now include much of the land adjacent to the canals. Subdivisions
are being rapidly constructed in the areas to the south and east of
Fort Collins.

With increased population there is increased demand for municipal
water. The city of Fort Collins owns some stock in all four of the
canals and 4,967 shares of Colorado Big-Thompson Project water. City
water ownership of canal water is shown in Table III (based on
average flows).

TABLE III. CITY WATER OWNERSHIP
Aver. Annual Vol.

Source Shares of

Water (Acre-Feet)
Arthur Canal 110.75 432
New Mercer Canal 8.62 286
Larimer Co. Canal #2 4.03 197
Highline Canal 38.76 2295

Total 3210
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The stock owned by the city of Fort Collins entitles the city
to over 10% of the river water diverted by the canals. At the present
time, the city is not using all this water, but with Increasing pres-
sure due to population growth, the city will undoubtedly start using
this water in the near future. At the present time, Fort Collins water
users consume 254 gallons per capita per day.® Based on the present
population of 38,000 people, water consumption is approximately 10,800
acre-feet per year. Table IV shows a record of population growth and
gives estimates of future population.

TABLE IV. POPULATION GROWTH OF FORT COLLINS®

Year Population Year Population
1920 8,755 1975 50,500
1930 11,489 1980 59,000
1940 12,251 1985 67,500
1950 14,937 1990 76,000
1960 25,027 1995 84,500
1964 31,800 2000 93,000
1965 33,500 2005 101,500
1970* 42,000 2010 110,000

*
The estimated future Fort Collins population was based on a trend
line from 1960 to 1965 extended to the year 2010.

From these figures it is obvious that the city must continually
increase its water supply. The most attractive source for municipal
water is from the C-BT Project. Municipalities throughout northeastern
Colorado have been increasing their holdings of C-BT stock. During
1964, ghe city obtained an additional 1,355 acre-feet units of C-BT
water.” The attractiveness of C-BT water is due primarily to the fact
that it is storage water and may be used on demand.

Increasing urbanization also increases the potential flood
hazard to urban areas. Considerably more precipitation runs off im-
pervious surfaces such as roofs, sidewalks and streets than off bare
land. Extensive high capacity drainage systems will be required to
prevent major flood damage in the Fort Collins area. Precipitation in
this region is characterized by short rainfalls with high intensity.
This type of rainstorm has a short time of concentration, i.e., the
runoff occurs quickly, and peak flows are high.

The major flood in this area was associated with the rainstorm
of August 2-3, 1951, when 6.06 inches of rain fell in a 28-hour period.
The flood damage to the Bellvue-Fort Collins area was estimated at two
and one-half million dollars.*

*
Fort Collins Coloradoan, August 5, 1951.
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At the present time,_the city of Fort Collins is engaged in a
storm water drainage study.® The possibility of co-ordinating the city's
storm water drainage and the canal consolidation is being considered to
determine whether a dual-purpose irrigation-flood control channel
would be beneficial to both projects. Since the consolidation proposal
calls for the abandonment of some of the canals as they pass through
the town, the city would be interested in obtaining the vacated canal
right-of-way to serve as a conveyance system to dispose of excess storm
waters.

In the preliminary report by J. T. Banner and Associates, it is
recommended that storm waters from the area south of La Porte Avenue
and north of Horsetooth Road should be conveyed to the Spring Creek
drainage channel. This channel would have to be improved throughout
its entire length to accommodate the expected flood flows. In deter-
mining the magnitude of the flood flows, the ''rational method' was used.
In this method, the magnitude of the predicted flood is given by the
formula Q=C i

>

b

where Q = discharge in cubic feet her second,
C = runoff coefficient,
i = rainfall intensity in inches per hours, and
A = the drainage area in acres.

This method has been used extensively for predicting storm flows and

has proven to be satisfactory in most cases. The runoff coefficient,

C is the fraction of runoff which can be expected. C varies with the
slope of the area and the perviousness of the terrain. In this study,
composite coefficients were computed for various types of surfaces, and
an average value of C = 0.50 was found to be representative of this
area under the expected conditions for future development. Figure 10

is included in this study to show the expected rainfall intensities and
durations.

The expected flood flow which would have to be carried concur-
rently with the irrigation water in a consolidated canal is approximately
1500 cfs. This flow is for a rainstorm with a ten-year frequency under
the conditions of ultimate development. Due to the magnitude of the
storm flow, it would be desirable to have a joint facility from La Porte
Avenue to the Spring Creek channel, which would be capable of carrying
a total flow of 2000 cfs (combined irrigation and storm flows). If
the canals were consolidated, the vacated right-of-way of the Larimer
County Canal #2 could then be developed to provide additional flood
protection by conveying storm flows to the Spring Creek channel.
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Chapter IV
CANAL SYSTEM CONSOLIDATION

Canal Linings

The main advantages of concrete canal linings are (1) a saving
in water, (2) reduced damage to adjacent lands from seepage, (3) greater
safety and (4) reduced operation and maintenance costs. The main dis-
advantage of concrete lined canals is the initial construction cost.

In instances where right-of-way requirements necessitate the
acquisition of expensive agricultural land, the use of a lined canal
will decrease the width of the required right-of-way; tkis is due to
the fact that a lined canal has improved hydraulic conditions, hence,
higher flow velocities and a smaller cross-sectional area.

The reduction of seepage losses is particularly important when
a canal can only divert limited amounts of water. In years of drought,
it is especially important to prevent the loss of excessive amounts of
water. The main factors which must be determined in orcer to estimate
the value of canal lining are (1) the amount of water which is lost from
the system and (2) the value of the water which is lost. It is parti-
cularly difficult to place a monetary value on the water which is lost.
If the water supply is normally abundant in quantity and coincides with
optimum crop water requirements, the need for lining is not nearly as
critical as if there is a water shortage. The major cornsideration for
estimating the value of the water is the beneficial use which could
have been made of the water had it remained in the system. Recent
studies have indicated that the value of marginal irrigation water
ranges from $12 an acre-foot in years of full supply to $78 an acre-foot
in years of drought.3 In this study, a value of $25 an acre-foot is
used for evaluating the project over the fifty-year repayment period.

Additional benefits which can be obtained through system con-
solidation are a savings in right-of-way, a reduction in operation and
maintenance costs, reclaiming of some seeped and waterlcgged land, flood
control benefits for the residents of Fort Collins and z reduction in
the potential social hazard of having open canals pass through residen-
tial areas. In computing the benefits which can be obtzined from con-
solidation, only the agricultural value of the water is used in this
study. - _ T

The design flow for the consolidated system will be approximately
350 cubic feet per second. An unlined main canal would require a fifty-
foot right-of-way, whereas a lined canal will require orly a thirty-foot
Tight-of-way. The lined canal is necessary for this consolidation to
reduce water losses and to minimize right-of-way acquisition problems.
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Consolidation Proposals

The existing canal system is shown in Fig. 11. Elevation de-
creases from west to east; therefore, it is possible to consolidate all
four of the canals by using the basic right-of-way of the Highline
Canal. Using modern equipment, it would be possible to straighten the
canal in many areas. The average slope on the main canal would be
approximately four feet per mile. Using the Manning formula for open
channels,ll the concrete canal cross section required for the 300 cfs
design flow has an eight-foot bottom width, 1%:1 side slopes and a f_ow
depth of about 4.3 feet. The flow velocity would be approximately 4 8
feet per second.

Figure 12 shows one possible way (Proposal #1) to consolidate all
four canals. Due to the lack of storage reservoirs on this system, -t
would be desirable to construct dams as shown in Fig. 12 at Claymore
Lake and College Lake. These lakes could serve as regulating reservoirs
on the system. The additional elevation required to enter Claymore
Lake would be obtained by eliminating a two and one-half mile reach of
canal which follows Bingham Hill. This section of canal is reported
to be a reach with high seepage losses. Construction of a high capacity
lined canal around Bingham Hill would be very costly since the hill :s
composed of exposed rock. The construction of an 1,850 foot tunnel
would be required to bypass this section of canal. The resultant in-
crease in capacity of Claymore Lake would be about 600 acre-feet. The
Highline Canal uses Claymore Lake primarily for storage of river water
which is rented to various canal companies. Very little of the water
in Claymore Lake can be used by the Highline Canal because there is cnly
a small difference in elevation between the maximum lake surface and the
canal bottom. A return canal has been constructed which carries water
back to the Cache la Poudre River for use by other canals.

At the present time, College Lake serves as the reservoir for
water used by the Colorado State University Hydraulics Laboratory.
Water is released through an outlet in Soldier Canyon Dam, passes
through the laboratory facilities and then enters College Lake. For
the past two years, the Highline Canal has used the Soldier Canyon
outlet to obtain its allotment of C-BT water. Under the proposed cor-
solidation, the C-BT water for "all four canals would be conveyed
through this system. This would eliminate approximately twelve miles
of conveyance of the C-BT water in open channels and make additional
water available for the non-consumptive research purposes at the
hydraulics laboratory. College Lake could be raised to provide an
additional 500 acre-feet of storage.

The major channel for carrying water east to the areas served
by the lower three canals would be via the Spring Creek channel. This
channel would have to be greatly improved and could be lined if neces-
sary. Several obstructions are present in the channel due to the en-
croachment of residential housing. At the point where Spring Creek
intersects the present New Mercer Canal, water would be diverted to
the south to serve lands under the Larimer County Canal #2 and the New
Mercer Canal. A small pipeline could be constructed approximately one
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mile from this intersection to carry water down to the lands served by
the Arthur Canal. A small lateral would have to be constructed north
of the city in order to serve all areas which are presently served.

Approximately 6,000 acre-feet of water with a value of $150,000
would be saved annually with this consolidation. This is under the
assumption that 25% of the water is presently lost through seepage and
that after consolidation this loss would be reduced to 10%. The benefit-
cost ratio of this proposal is 1.46. Table V summarizes the construc-
tion requirements and costs. The interest rate for this proposal is
3%%. The total estimated construction cost is $2,533,000.

As was noted previously, the Board of Directors of the Arthur
Canal has not expressed an interest in consolidation. A second means
of consolidation would be to merge the upper three canals as in the
previous proposal without including the Arthur Canal. Proposal #2 has
a total construction cost of $2,140,000 and a benefit cost ratio of
1.42. The average annual volume of water which would be saved is
estimated at 4,976 acre-feet with a value of $124,400. Figure 13 shows
the proposed route for this consolidation.

The third possible consolidation would be to combine the New
Mercer Canal and the Larimer County Canal #2. This consolidation would
involve the construction of approximately 8.2 miles of main canal, 2.7
miles of lateral canal and 3 major siphons. The total canal mileage
would be reduced from the present 26.1 miles to 11.3 miles. The canal
could be straightened in many places but would have to remain within its
present right-of-way as it passes through Fort Collins' residential
areas.

The annual average water savings from this consolidation would
be approximately 2,531 acre-feet valued at $63,275. This project has
a benefit cost ratio of 1.55. The main disadvantage of this proposal
is that no increase in storage capacity is provided. Since these canals
have decrees which specify high flows, the canal cross section would
have to handle the combined flow of their decrees. This consolidation
proposal is shown on the map in Fig. 14.

Financing

A review of federal programs for financing small irrigation
projects indicated that the most favorable method of financing this
proposed consolidation would be obtained through the United States
Bureau of Reclamation '"Small Projects Act of 1956."19

Projects financed under this Act may be either new irrigation
projects or the rehabilitation and betterment of existing systems.
The total construction cost must not exceed $10,000,000 for either type
project. The financial assistance which is available may be a loan,
grant or a combination of these, not to exceed $6,500,000. Grants may
be given for flood control, fish and wildlife protection or recreation



TABLE V. SUMMARY OF BENEFITS AND COSTS

Item Proposal 1 Proposal 2 Proposal 3

1. Diversion Dam and Headworks on the

Cache la Poudre River $ 52,000 $ 52,000 $ 10,000
2. Tunnel Through Bingham Hill ~ 1850 ft 378,000 348,000 -
3. 8 Foot Bottom Width Canal 1,023,000 903,000 451,000
4, 3 Foot Bottom Width Canal 464,000 330,000 96,000
5. 42" Diameter Pipeline 43,000 --- ---
6. Sag Pipe Structures 26,000 26,000 68,000
7. Miscellaneous Canal Structures, Flumes,

Turnouts and Check Structures 89,000 74,000 38,000
8. Improvements at Claymore § College Lakes 96,000 96,000 ---
Subtotal $2,171,000 $1,829,000 $663,000
Engineering Cost @ 7% 145,000 128,000 46,000
Contingencies @ 10% 217,000 183,000 66,000
Total Estimated Cost $2,533,000 $2,140,000 $775,000
Estimated Water Savings in Acre-Feet 6002 4976 2531
Estimated Value of Water Savings at $25/A-Ft $150,050/Yr $124,400/YTr $63,275/Yr
B/C Ratio at 3%% Interest 1.46 1.42 1.55

¢<



34

TERRY %
- LAKE
s LONG
- POND
.
! /2

—
NIV
<

9

-/.

sy

CLAYMORE
LAKE

........

................................
..........................
............................
I L LR R it iy TP RR R T, W atsd
...........................

<7 RES.

i’ WARREN

LAKE
LEGEND
o River —~-—-= Creek
———— Existing Canal Tunnel
—-..— Consolidated Main Canal Lake or
- Consolidated Lateral Canal Reservoir

==== Dam

Fig. 13 - Consolidation of Three Canals



35

TERRY

LAKE %
LONG
POND

INI/THOI1

CLAYMORE
LAKE

: ) SON
/ N, NELSO

: . RES.
k'\ = L
- D 2
/ x i
ING = By
P,R/'/ < |E
™
WARREN
LAKE
LEGEND
S —— River Tt Creek
——— Existing Canal Tunnel
~—---— Consolidated Main Canal O Lake or

-------- Consolidated Lateral Canal

==== Dam

Reservoir

Fig. 14 - Consolidation of Two Canals



36

purposes where the general public benefits, but the project must be
primarily for irrigation. The maximum amount of the grant is 50% of
the construction cost.

An individual or an unorganized group of individuals cannot ob-
tain a loan or a grant. It is necessary to form an organization such
as a conservancy district, irrigation district or a water users associ-
ation which has the capability to contract with the United States
government under the conditions imposed by the Reclamation laws.

Loans on irrigation projects are interest free for lands not
in excess of 160 acres in a single ownership (320 acres for husband and
wife). Interest is charged on the reimbursable portions of the project
for lands in excess of 160 acre single ownership, municipal and indus-
trial water, and commercial power. The interest rate on such portions
of the loan is based on long term obligations of the United States. At
the present time, this rate is 34%%.1°

Loans are to be repaid in the minimum period of time which is
consistent with project benefits. The maximum period is fifty years.
In some cases, no payments are required until the full magnitude of the
project benefits become available.

Under this Act, the applying organization is responsible for
the planning, construction, operation and maintenance o the system.
Construction plans are reviewed by the Bureau of Reclamation prior to
the beginning of construction. The applying organization must have
preliminary plans of the project before applying for a loan, and,
hence, engineering costs may not be included in the loan.
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Chapter V
SUMMARY AND CONCLUSIONS

General

Many of the facets of irrigation system consolidation have been
presented in this thesis. The major assumption for determining whether
consolidation would be beneficial was that seepage losses could be re-
duced from their present level of about 25% to 10% through the construc-
tion of a lined canal. The economic feasibility of these proposals was
judged only on the monetary value of the water savings. The indirect
benefits to the city of Fort Collins and the canal conmpanies were not
included in the economic analysis. The consolidation of irrigation
canals passing through the city would provide the following benefits to
the city and to the canal companies.

(1) Benefits to the city of Fort Collins

(a) a reduction in the hazard to life and property
in residential areas;

(b) a reduction in the number of bridges and
culverts required in the city; this would
reduce bridge maintenance and construction
costs;

(c) the vacated canal right-of-way could be
used to provide flood control channels for the
benefit of the city;

(d) additional land available for residential
development; and

(e) the elimination of many insect breeding places.
(2) Benefits to the canal companies
(a) a reduction in the water seepage losses;

(b) an increase in the storage capacity of the
canal systems;

(c) an approximate 30-40% reduction in operation,
maintenance and administration costs due to the
decreased length of the canal;

(d) a reduction in the number of required farm
turnouts; and

(e) a decrease in the total right-of-way requirements.

From the data presented in this thesis, it appears that system con-
solidation is economically justifiable.
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The major influence which might tend to discourage consolidation
is the growth of the city of Fort Collins. This growth could take
large agricultural areas out of production and leave the remaining
areas with the burden of repayment of the construction costs. However,
it is likely that the city will acquire most or all of the water shares
or rights on any new lands annexed to the city. It is assumed that the
long term repayment obligations would stay with those holding the water
shares (farmers, city, etc.).

Another difficulty which will be encountered in system consolida-
tion is to determine the equitable portion of costs which must be car-
ried by each canal company and the city of Fort Collins. In this
respect, it should be noted that the formation of a new company and a
new issue of stock might solve many problems. Administrative action
will be necessary to ensure that each area of land has a better water
supply after consolidation. Financing could also be accomplished on a
combination acreage basis or on the basis of the total river diversion
for the canal.

Suggestions for Further Study

Future studies of this type should be conducted in rural areas
which are not adjacent to a rapidly expanding city. This would allow
an assessment of consolidation solely on the benefits which would be
incurred by the agricultural community. This would also reduce the
number of organizations which would be directly involved in consolida-
tion negotiations. The major problem imposed by a city is the rate at
which land might be removed from production.

Additional storage of water is required to make the irrigation
water available when it is most needed. The major inflexibility in the
present system is this lack of storage. The C-BT water has greatly
alleviated this problem, but considerable advantages could be gained
through increased storage.

The most logical storage reservoir sites are in the mountain
canyons where high capacity reservoirs can be constructed. These
reservoirs would be deep and have small surface areas. Evaporation
losses from such reservoirs would be appreciably less than for plains
storage reservoirs of equal capacity.

One of the major problems which would be created by the
construction of a dam on the river is that natural flows would be im-
pounded, and this might tend to injure some of the junior appropriators
on the stream. Several legal questions would have to be answered
before construction of such a project could be undertaken. Each canal
would have to be assigned a certain amount of the available river flow
based on the average volumes of diversion in previous years.

A third area for additional study would involve a determination
of the water requirements of several large farms in the sample area.
Such a study might indicate that the farm distribution system can be
improved to provide greater efficiency. Improving the efficiency of
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the individual farms might be preferable to consolidating canals, since
it would apply to only limited areas and would ensure that those areas

remained under agricultural production. Most farms in the sample area

have unlined distribution canals and probably have high losses in some

areas. An individual farmer could line suspected areas of high seepage
and, thereby, greatly increase the beneficial use of his water.
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TABLE VI. LIST OF HIGH FLOWS - OVER 350 CFS
Date Arthur Larimer Co. New Mercer Highline Total
Canal #2 Canal Canal Canal Flow

1951

5/20 54 150 90 80 374
5/24 54 150 68 80 352
5/31 56 97 115 100 368
6/1 56 97 115 100 368
1952

6/5 70 135 70 90 365
6/6 70 150 70 90 380
6/7 80 150 90 105 425
6/8 80 150 100 115 445
6/9 80 150 90 125 445
6/10 60 150 85 115 410
6/11 50 150 70 115 385
1953

5/29 70 178 100 80 428
6/10 38 179 125 100 442
6/11 38 178 125 120 462
6/12 38 179 125 15 357
6/13 38 178 125 100 441
6/14 38 178 125 120 461
6/15 38 90 125 120 313
1954

5/21 75 178 59 57 369
5/22 70 178 59 57 364
1955

6/19 20 178 75 120 393
6/20 20 178 75 120 393
6/21 22 188 75 90 375
1956

5/20 83 135 73 76 367
5/21 85 160 90 1C5 440
5/22 80 170 98 112 460
5/23 83 172 102 1C8 465
5/24 87 169 94 1C8 458
5/25 83 162 86 1C6 437
6/6 47 134 83 107 371
6/7 49 150 90 107 396
6/8 48 150 81 108 387
6/9 48 150 75 108 381
6/10 39 151 75 106 371
6/11 42 145 75 108 370
6/12 44 149 75 110 378
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TABLE VI. LIST OF HIGH FLOWS - OVER 350 CFS - Continued

Date Arthur  Larimer Co. New Mercer Highline Total
Canal #2 Canal Canal Canal Flow
1957
6/13 44 150 80 90 364
6/14 75 150 100 86 411
6/15 75 150 60 92 377
7/1 60 110 90 96 356
7/2 63 110 100 103 376
7/3 61 110 100 100 371
7/4 60 110 100 102 372
7/9 57 110 100 98 365
7/6 62 110 100 101 373
7/7 57 115 100 100 372
7/8 S5 115 100 100 370
1958
6/9 64 141 76 104 385
6/10 65 144 79 113 401
6/11 71 142 90 116 419
1959
6/8 67 144 92 97 400
6/9 62 155 96 105 418
6/10 87 155 89 74 405
6/11 87 161 81 112 441
6/12 42 173 90 110 415
6/13 30 118 95 108 351
6/20 54 120 75 109 358
6/21 46 126 76 109 357
6/22 52 140 69 100 361
6/26 70 139 34 108 351
1960
5/21 60 159 40 99 358
1961
6/25 54 149 51 101 355
1962
5/12 76 142 60 115 393
5/13 74 137 61 115 387
5/14 72 136 59 114 381
1963 No days when total exceeded 350 cfs
1964
5/22 83 176 48 58 365

5/23 78 175 45 68 366
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TABLE VI. LIST OF HIGH FLOWS - OVER 350 CFS - Continued

Date Arthur Larimer Co. New Mercer Highline Total
Canal #2 Canal Canal Canal Flow

1964

5/24 87 173 36 69 365

5/25 85 177 43 67 372

5/26 70 177 51 56 354

S/27 58 177 64 86 385

5/28 64 176 42 70 352

1965 No days when total exceeded 350 cfs

1966 No days when total exceeded 350 cfs
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TABLE VII. WATER SUPPLY DATA FOR THE ARTHUR CANAL

A - Annual Diversions in AcreQFeet 1951-1966

River C-BT** Storage Total
Date Diversion Water or Exchange Diversion
1951 5,064 - 306 5,370
1952 6,904 -- 438 7,342
1953 6,102 - 950 7,052
1954 5,165 874 89 6,128
1955 6,699 1,350 14 8,063
1956 6,111 1,029 23 7,168
1957 6,198 454 42 6,694
1958 5,028 1,458 30 6,516
1959 5,566 1,104 84 6,754
1960 6,966 1,378 356 8,380
1961 5,254 500 65 5,820
1962 6,640 854 44 7,538
1963 5,512 964 42 6,518
1964 5,570 1,048 0 6,618
1965 5,064 404 42 5,509
1966 4,606 1,226 32 5,864
Average 5,778 970.4** 140 6,902.4%*
Percent 83.7% 14.3% 2.0% 100.0%

**C-BT Water averaged over 1954-1966 period

B - Statistical Determination of Variance

m River Diversion (X-X) x-x)°
1 6,966 1,188 1,411,344
2 6,904 1,126 1,267,876
3 6,699 921 848,241
4 6,640 862 743,044
5 6,198 420 176,400
6 6,111 333 110,889
7 6,102 324 104,976
8 5,570 -208 43,264
9 5,566 -212 44,944
10 5,512 -266 70,756
11 5,254 -524 274,576
12 5,165 -613 375,769
13 5,064 -714 509,796
14 5,064 -714 509,796
15 5,028 -750 562,500
16 4,606 -1,172 1,373,584
Summation 8,427,755

2
g = \/Eigj%l— =\ / 561,850 = 750
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TABLE VIII. WATER SUPPLY DATA FOR THE NEW MERCER CANAL

A - Annual Diversions in Acre-Feet 1951-1956

River C-BT** Storage Total
Date Diversion Water or Exchange Diversion
1951 7,615 - 322 7,937
1952 4,499 - 1,494 5,993
1953 5,511 -- 1,603 7,114
1954 2,293 2,212 28 4,533
1955 4,792 2,012 56 6,860
1956 5,527 1,443 0 6,970
1957 8,116 556 0 8,672
1958 2,780 2,280 104 5,164
1959 5,038 1,788 28 6,854
1960 4,016 2,298 46 6,360
1961 3,088 1,070 12 4,170
1962 5,906 1,448 48 7,402
1963 4,154 3,024 46 7,224
1964 4,474 2,884 0 7,358
1965 4,566 1,160 10 5,736
1966 3,100 3,622 26 6,748
Average 4,717 1,984%** 239 6,940**
Percent 67.7% 28.8% 3.5% 100.0%

**C-BT Water averaged over 1954-1966 period

B - Statistical Determination of Variance

n River Diversion (X-%) (x-X)2
1 8,116 3,399 11,553,201
2 7,615 2,898 8,398,404
3 5,906 1,189 1,413,721
4 5,527 810 656,100
5 5,511 794 630,436
6 5,038 321 103,041
7 4,792 75 5,625
8 4,566 <151 22,801
9 4,499 -218 47,524
10 4,474 -243 59,049
11 4,154 -563 316,969
12 4,016 -701 491,401
13 3,100 -1,617 2,614,689
14 3,088 -1,629 2,653,641
15 2,780 -1,937 3,751,969
16 2,293 2,424 5,875,776
Summation 38,594,347

2

s = /EEN - /2,572,056 = 1,604




49

TABLE IX. WATER SUPPLY DATA FOR LARIMER CO. #2 CANAL
A - Annual Diversions in Acre-Feet 1951-1966

River C-BT** Storage Total

Date Diversion Water or Exchange Diversion
1951 11,657 . 354 12,011
1952 8,076 - 1,005 9,081
1953 8,420 - 2,607 11,027
1954 2,029 3,980 62 6,071
1955 7,335 2,492 56 9,883
1956 8,813 1,582 28 10,423
1957 8,596 650 254 9,500
1958 5,254 2,468 22 7,744
1959 7,564 2,210 496 10,270
1960 7,576 1,852 1,192 10,620
1961 4,890 1,606 682 7,178
1962 10,718 2,218 670 13,606
1963 2,102 3,108 1,306 6,516
1964 8,622 2,246 0 10,868
1965 8,394 1,314 1,604 11,312
1966 3,592 4,188 18 7,798
Average 7,102 2,301** 648 10,051
Percent 70.4% 23.1% 6.5% 100.0%

**C-BT Water averaged over 1954-1966 period

B - Statistical Determination of Variance

m River Diversion (xX-X) (X-Y)2
1 11,657 4,555 20,748,025
2 10,718 3,616 13,075,456
3 8,813 1,711 2,927,521
4 8622 1,520 2,310,400
5 8,596 1,494 2,232,036
6 8,420 1,318 1,737,124
7 8,394 1,292 1,669,264
8 8,076 974 948,676
9 7,576 474 224,676
10 7,564 462 213,444
11 7,335 233 54,289
12 5,254 -1,848 3,415,104
13 4,890 2,212 4,892,944
14 3,592 -3,510 12,320,100
15 2,102 -5.000 25000, 000
16 2,029 -5,068 25,684,624
Summation 117,453,683

s = = \/7,830,245 = 2,798
n-1
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TABLE X. WATER SUPPLY DATA FOR HIGHLINE CANAL
A - Annual Diversions in Acre-Feet 1951-1966

River C-BT** Storage Total
Date Diversion Water or Exchange Diversion
1951 12,710 - 238 12,948
1952 14,172 - 793 14,965
1953 14,373 -- 1,339 15,711
1954 13,065 2,648 839 16,552
1955 15,205 1,568 819 175592
1956 15,872 838 736 17,446
1957 14,607 112 310 15,029
1958 13,754 1,094 742 15,590
1959 12,942 1,110 1,318 15,370
1960 15,852 1,278 1,862 18,992
1961 9,492 414 1,078 10,984
1962 17,524 928 636 19,088
1963 14,326 1,392 2,040 17,758
1964 16,178 1,250 950 18,378
1965 14,134 1,200* 1,072 16,406
1966 11,706 1,200% 622 13,528
Average 14,119 1,156%* 962 16,299**
Percent 87.0% 7.2% 5.8% 100.0%

*Estimate **C-BT Water averaged over 1954-1966 period

B - Statistical Determination of Variance

m River Diversion (X-X) (X-X)f
1 17,524 3,405 11,594,025
2 16,178 2,059 4,239,481
3 15,872 1,753 3,073,009
4 15,852 1,733 3,003,289
5 15,205 1,086 1,179,396
6 14,607 488 238,144
7 14,373 254 64,516
8 14,326 207 42,849
9 14,172 53 2,809
10 14,134 15 225
11 13,754 -365 133,225
12 13,065 -1,054 1,110,916
13 12,942 1,177 1,385,329
14 12,710 -1,409 1,985,281
15 11,706 2,413 5,822,569
16 9,492 -4,627 21,409,129
Summation 55,284,192

2
s =\/-§£§§§1—-= \/3,685,613 = 1,920
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TABLE XI. COMBINED WATER SUPPLY DATA FOR THE FOUR CANAL SYSTEMS
A - Annual Diversions in Acre-Feet 1951-1966

River C-BT** Storage Total
__Date Diversion Water or Exchange Diversion

1951 37,046 -- 1,220 38,266
1952 33,651 -- 3,730 37,381
1953 34,406 -- 6,499 40,905
1954 22,552 9,714 1,018 33,284
1955 34,031 7,422 945 42,398
1956 36,323 4,892 792 42,007
1957 37 ;517 1,772 606 39,895
1958 26,816 7,300 898 35,014
1959 31,110 6,212 1,926 39,248
1960 34,410 6,806 3,136 44,352
1961 22,724 3,590 1,838 28,152
1962 40,788 5,448 1,398 47,634
1963 26,094 8,488 3,434 38,016
1964 34,844 7,428 950 43,222
1965 32,158 4,078 2,728 38,964
1966 23,004 10,236 698 33,938
Average 31,717 6,414%* 1,988 40,119**
Percent 79.0% 16.1% 4.9% 100.0%

**C-BT Water averaged over 1954-1966 period

B - Statistical Determination of Variance

m River Diversion (X-X) ()(--')E)2

1 40,788 9,071 82,283,041
2 37,517 5,800 33,640,000
3 37,046 5,329 28,398,241
4 36,323 4,606 21,215,236
5 34,844 3,127 9,778,129
6 34,410 2,693 7,252,249
7 34,406 2,689 7,230,721
8 34,031 2,314 5,354,596
9 33,651 1,934 3,740,356
10 32,158 441 194,481
11 31,110 -607 368,449
12 26,816 -4,901 24,019,801
13 26,094 -5,623 31,618,129
14 23,004 -8,713 75,916,369
15 22,724 -8,993 80,874,049
16 22,552 9,165 83,997,225
Summation 495,881,072

z(x-X)z

=T = 7\/33,058,738 = 5,750




TABLE XII. TEMPORAL FLOW DISTRIBUTION FOR HIGHLINE CANAL
River Diversion in Acre-Feet

Year Apr May May June  June July  July Aug Aug Sept  Sept Oct Oct

16-30 1-15 16-31 1-15 16-31 1-15 16-31 1-15 16-31 1-15 16-30 1-15 16-31
1951 -- -- 2087 1866 1918 1924 1692 159 724 1269 873 198 --
1952 -- 516 992 2926 1781 1529 1269 1169 1277 926 1043 744 --
1953 -- 397 1551 2158 1976 1210 1311 1188 1267 1083 986 897 349
1954 948 1190 1603 1196 1301 1244 1226 904 405 399 635 1252 762
1955 377 1210 1488 1613 2114 1236 1263 1182 1291 1065 670 994 702
1956 274 1422 2458 2751 1654 1218 1323 1089 1303 722 591 641 426
1957 -- -- 73 1958 2715 2805 1872 1188 1283 1055 647 904 107
1958 -- -- 60 2450 1950 1218 1316 1200 1256 1186 1190 1234 694
1959 -- 34 764 2470 2722 1482 1258 1200 1274 774 892 72 --
1960 348 1360 1844 2788 2232 1440 1294 1202 1300 772 678 410 184
1961 - - 360 254 360 1860 1582 1326 1464 1080 892 314 -- --
1962 -- 1930 2226 2386 2536 1978 1660 1044 1286 1184 1294 -- --
1963 614 1280 1698 1614 1470 1206 1274 1206 1280 1210 858 450 166
1964 -- 934 1950 2550 2034 1362 1260 1198 1244 570 1006 1128 942
1965 -- 700 1648 2548 960 2202 1506 1204 1284 1204 878 -- --
1966 158 1026 1658 1592 1662 1200 1282 1192 654 1122 160 -- --
Aver. 170 772 1397 2077 1930 1552 1383 1112 965 795 558 271

1138




TABLE XIII. TEMPORAL FLOW DISTRIBUTION FOR HIGHLINE CANAL
C-BT Project Water in Acre-Feet

Year Apr May May June  June July  July Aug Aug Sept  Sept Oct Oct

16-30  1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 1-15 16-31
1954 -- -- 145 369 198 389 280 246 537 198 250 36 --
1955 -- -- 69 -- 20 169 194 103 357 296 103 188 69
1956 -- -- -- -- 42 73 60 61 18 139 113 165 167
1957 -- -- -- -- -- -- 44 40 28 -- -- -- --
1958 -- -- -- -- -- 184 118 166 324 180 106 16 --
1959 -- -- -- -- -- 234 118 204 292 188 74 -- --
1960 -- -- -- -- -- 198 194 300 268 154 110 54 --
1961 -- -- -- -- -- 160 94 52 82 26 -- -- --
1962 -- -- -- -- -- -- -- 48 542 258 80 -- --
1963 -- 30 208 106 24 214 146 220 376 58 10 -- --
1964 -- 6 96 -- -- 124 270 190 302 182 64 16 --
1965 C-BT Water Diverted Through College L
1966 " " " 1"
Aver. -- 3 47 43 26 159 138 148 284 153 83 43 21

%9



TABLE XIV.

TEMPORAL FLOW DISTRIBUTION FOR HIGHLINE CANAL

Storage or Exchange Water in Acre-Feet

Year Apr May May June  June July  July Aug Aug Sept  Sept Oct Oct
16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 1-15 16-31
1951 -- -- -- -- -- -- -- -- -- 139 -- 99 --
1952 -- -- -- -- -- 75 317 294 107 -- -- -- --
1953 -- -- -- -- 20 345 307 165 141 79 179 103 --
1954 -- -- 75 393 284 79 8 -- -- -- -- -- --
1955 -- -- 125 -- 40 274 309 71 -- -- -- -- --
1956 -- -- -- -- -- 284 288 95 69 -- -- -- --
1957 -- -- -- -- -- -- 24 38 105 143 -- -- --
1958 -- -- -- -- -- 300 220 74 148 -- -- -- - -
1959 -- -- 112 -- -- 130 320 274 34 -- -- 144 304
1960 -- 170 -- -- -- 130 322 252 4 -- -- -- 984
1961 -- 80 40 -- -- 60 250 248 240 2 158 -- --
1962 -- -- -- -- -- -- -- 114 330 192 -- -- --
1963 -- -- -- 76 140 300 180 -- -- -- -- 1048 296
1964 -- -- -- -- -- 202 320 142 -- -- -- -- 286
1965 -- -- -- 108 -- -- 168 300 192 -- 304 -- - -
1966 -- -- -- -- 154 258 210 -- - -- -- -- --
Aver. -- 16 22 36 40 152 203 129 86 35 40 87 117

1]



TABLE XV. TEMPORAL FLOW DISTRIBUTION FOR NEW MERCER CANAL
River Diversion in Acre-Feet

Year Apr May May June June  July  July Aug Aug Sept  Sept Oct Oct

16-30 1-15  16-31 1-15  16-30 1-15 16-31 1-15  16-31 1-15  16-30 1-15  16-31
1951 -- -- 1807 1339 1777 1170 914 83 321 204 -- s --
1952 -- 331 -- 1985 934 607 266 292 -- 58 -- 26 --
1953 -- 119 748 2095 1006 579 353 280 248 -- -- -- 83
1954 -- 236 835 391 313 228 115 60 -- -- -- 115 --
1955 -- 262 716 889 1398 486 311 311 419 -- -- -- --
1956 -- 492 1579 1646 861 359 155 282 153 -- -- -- --
1957 -- -- -- 813 2285 2590 1079 409 329 208 282 121 --
1958 -- -- -- 1016 974 342 344 28 76 -- -- -- --
1959 -- -- 78 1896 1580 734 308 296 62 -- 84 -- --
1960 -- 114 646 1342 976 492 276 170 -- -- -- - --
1961 -- -- -- 8 1066 886 352 298 252 182 44 -- --
1962 -- 648 1030 510 1148 1018 1086 390 76 -- - -- --
1963 22 344 916 822 626 328 148 232 352 286 78 -- --
1964 -- -- 1094 840 804 520 952 214 -- -- 50 -- --
1965 -- 198 886 1202 226 1002 496 292 264 -- -- -- --
1966 -- 328 726 858 718 228 146 60 -- 36 -- -- --
Aver. 1 192 691 1103 1043 723 456 231 160 61 34 16 5

§S



TABLE XVI. TEMPORAL FLOW DISTRIBUTION FOR NEW MERCER CANAL
C-BT Project Water in Acre-Feet

Year Apr May May June  June July  July Aug Aug Sept  Sept Oct Oct

16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 1-15 16-31
1954 -- -- 276 319 222 411 444 133 282 127 -- -- --
1955 -- -- 69 22 -- 292 194 83 778 393 125 56 --
1956 -- -- -- -- -- 97 476 155 242 294 179 -- -
1957 -- -- -- - -- -- -- -- -- 246 272 38 --
1958 -- -- -- -- -- 394 224 494 518 446 204 -- --
1959 -- -- -- -- -- 40 306 392 484 302 264 -- --
1960 -- -- -- -- - 176 342 614 758 312 96 -- --
1961 -- -- -- -- 4 40 280 270 274 90 112 -- --
1962 -- -- -- -- -- -- 154 332 568 226 168 -- --
1963 2 274 272 252 14 544 718 608 184 64 92 -- --
1964 - -- 174 -- 54 588 732 434 580 250 72 -- --
1965 -- - 104 -- -- 46 224 326 460 -- -- -- --
1966 -- -- 574 388 262 728 602 466 440 140 22 -- --
Aver. -- 21 113 75 43 258 362 331 428 223 123 6 --

9§



TABLE XVII - TEMPORAL FLOW DISTRIBUTION FOR THE LARIMER CO. #2 CANAL

River Diversion in Acre-Feet

Year Apr May May June  June July  July Aug Aug Sept  Sept Oct Oct
l6-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 1-15 16-31
1951 -- -- 3138 2747 1595 3201 678 50 103 113 32 -- --
1952 -- -- 837 3263 3221 260 139 169 58 54 75 -- --
1953 -- -- 1833 5127 936 115 113 131 -- -- 165 -- --
1954 -- 97 1367 103 101 111 111 36 12 - - -- 83 8
1955 -- 75 348 2172 4328 115 97 101 99 -- -- -- --
1956 -- 452 3023 3087 1829 113 109 103 97 -- -- -- --
1957 -- -- -- 2325 1890 2535 1505 103 109 59 42 28 --
1958 -- -- -- 2946 1722 98 116 110 110 70 82 -- --
1959 -- -- 24 3300 3336 520 112 108 108 -- 56 -- --
1960 512 332 2154 2202 2810 104 110 104 52 28 -- -- --
1961 -- 512 586 116 3244 512 112 138 110 240 2 -- --
1962 260 2050 1976 1126 3328 2200 112 102 110 96 28 -- --
1963 -- 94 96 488 2228 100 104 94 108 78 18 -- --
1964 -- 66 3946 2200 1812 310 106 106 64 12 -- -- --
1965 -- 62 3088 2704 696 2678 106 102 86 94 382 -- --
1966 -- 102 238 1704 1194 104 122 64 -- 64 -- -- --
Aver. 48 240 1416 2257 2142 817 235 101 77 57 55 7 --

LS



TABLE XVIII. TEMPORAL FLOW DISTRIBUTION FOR THE LARIMER CO. #2 CANAL

C-BT Project Water in Acre-Feet

Year Apr May May June  June July  July Aug Aug Sept - Sept Oct Oct
16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 1-15 16-31
1954 -- -- 492 988 532 458 391 208 496 363 52 -- --
1955 -- -- -- -- -- 362 625 334 506 629 36 -- --
1956 -- -- -- -- -- 236 334 236 222 220 334 -- --
1957 -- -- -- -- -- -- -- 38 73 476 -- 63 --
1958 -- -- -- -- -- 242 418 650 242 708 208 - --
1959 -- -- -- -- -- 254 378 576 438 468 96 -- --
1960 -- -- -- -- -- 122 262 652 508 308 -- -- --
1961 -- -- -- -- -- -- 156 234 384 832 -- -- --
1962 -- -- -- -- -- -- 520 368 678 278 374 -- --
1963 -- -- 378 214 12 268 634 540 338 430 294 -- --
1964 -- -- -- .- -- 366 228 678 526 448 -- -- --
1965 -- -- -- -- -- -- -- 372 482 460 -- -- --
1966 -- -- -- 432 218 920 786 846 964 22 -- -- --

Aver, -- -- 67 126 59 248 364 441 451 434 107 5 --
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TABLE XIX. TEMPORAL FLOW DISTRIBUTION FOR THE ARTHUR CANAL
River Diversion in Acre-Feet

Year Apr May May June  June July  July Aug Aug Sept  Sept Oct Oct

l16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 1-15 16-31
1951 -- -- 955 1094 325 1236 849 139 212 182 54 18 --
1952 -- 256 863 1730 1261 855 986 389 151 81 40 133 159
1953 -- 36 1157 1601 881 855 480 516 175 44 36 65 256
1954 -- 411 1494 1180 1042 182 101 54 48 20 93 306 234
1955 232 454 1518 1489 542 641 536 450 139 83 129 308 178
1956 -- 563 1661 1187 1134 625 196 508 115 38 22 16 46
1957 -- -- -- 285 1314 1671 1372 691 369 105 169 222 --
1958 -- -- 32 1378 1076 1048 232 116 116 56 96 374 504
1959 -- -- 266 1562 1486 962 602 402 98 34 154 -- --
1960 324 526 1272 780 1450 1194 424 120 32 32 248 498 66
1961 -- 64 118 594 1670 880 1052 418 188 228 42 -- --
1962 136 1388 798 326 1432 934 926 320 116 90 174 - --
1963 42 752 1588 1434 448 218 122 402 270 206 30 -- --
1964 -- 202 1744 410 1328 1084 532 162 74 26 8 -- --
1965 -- 200 1378 383 256 1368 476 490 362 134 16 -- --
1966 500 452 1370 1338 456 168 116 86 32 84 4 -- --
Aver. 77 338 1017 1067 1006 870 550 328 156 90 82 121 90
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TABLE XX. TEMPORAL FLOW DISTRIBUTION FOR THE ARTHUR CANAL
C-BT PROJECT WATER IN ACRE-FEET

Year Apr May May June  June July  July Aug Aug Sept Sept Oct Oct

16-30 1-15 16-31 1-15  16-30 1-15 16-31 1-15 16-31 1-15 16-30 1-15 16-31
1954 -- -- 24 56 -- 95 113 153 222 159 52 -- --
1955 -- 69 14 -- -- 42 208 139 240 399 69 170 --
1956 -- -- -- -- -- 14 278 151 141 153 292 -- --
1957 -- -- -- -- -- -- -- -- 208 175 71 -- --
1958 -- -- -- -- -- 104 276 266 300 346 166 -= --
1959 -- -- -- -- -- -- 58 188 348 338 172 -- --
1960 -- -- -- -- -- -- 150 356 358 406 108 -- --
1961 -- -- -- -- -- -- -- 194 174 94 38 -- --
1962 -- -- -- -- -- -- 104 174 312 182 82 -- --
1963 -- -- -- -- -- 100 326 312 80 96 50 -- --
1964 -- -- -- -- -- e 14 410 278 180 166 -- --
1965 -- -- -- -- -- -- -- 84 212 72 36 -- --
1966 -- -- -- - 6 246 366 302 200 106 -- -- --
Aver. -- 5 3 4 0.4 46 146 209 236 208 100 13 --

09
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