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PREFACE

By Naraan C, GroveR !

This report is one of a series of reports treating of the value and
utilization of the Colorado River and its tributaries. The first of
these reports, Colorado River and Its Utilization, by E. C. LaRue,
published in 1916 as Water-Supply Paper 395, has been regarded as
authoritative with respect to facts pertaining to the river and its

“tributaries that were available at that time. The introduction of that
report contained the following statement: -

Mr. LaRue has attempted the pioneer work of assembling the principal facts
relating to the subject, and especially of studying the possibilities of eontrolling
the flow of the whole river by means of storage reservoirs in order to avoid further
danger of overflow to the Salton Sink and to render available for profitable use

the enormous quantity of water which now flows unused and largely unusable to
the Gulf of California in the form of floods.

After that report was published many investigations and surveys
were made, the canyons were accurately mapped, possible sites for
dams were studied, and additional reliable records of river discharge
were collected. That part of the new information which related to
the Colorado below the Green was published in 1925 as Water-Supply
Paper 556, entitled “Water Power and Flood Control of Colorado
River Below Green River, Utah,” by E. C. LaRue. The following
paragraph is quoted from the introduction of that report:

The Geological Survey is not attempting to promote any particular project
but is endeavoring to collect and make available the information needed as the
basis for outlining a proper scheme for full development of the river and for
selecting the site for first development. It recognizes the fact that the final
choice of any project will represent a compromise of conflicting interests, in
which many factors—engineering, economic, and perhaps political——must be
evaluated and given proper weight. The survey hopes that this report, which
contains the latest compilation of data relating to the water supply of the basin
and the results of all surveys of sites for reservoirs and power dams, may aid in
the solution of these important problems.

The Geological Survey has now prepared two more reports which
will be published in succession—this report, Water-Supply Paper 617,
entitled ‘“Upper Colorado River and Its Utilization,” by Robert
Follansbee, and a companion report, Water-Supply Paper 618,
entitled “Green River and Its Utilization,” by Ralf R. Woolley. .

1 Chief hydraulic engineer, U. 8, Geological Survey.

via
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In addition to these published reports, -the following manuscript
reports have been prepared and are open to public inspection, as
indicated:

Water utilization in the San' Juan River Basin, by E. C. LaRue, open for
inspection in the offices of the Geological Survey in Washington, D. C., and
Denver, Colo.

Probable future stages of Salton Sea, by George F. Holbrook, open for in-
spection in the offices of the Geological Survey in Washington, D. C., and San
Francisco, Calif. ‘

-Although this report by Mr. Follansbee is one of a group of gimilar
reports, it is complete in itself, relates to an integral part of the
Colorado River drainage basin, and overlaps none of the other re-
ports except that the original LaRue report (Water-Supply Paper
395) presented the salient facts available in 1916 relative to this part
of the basin of the Colorado River, which was then known as the
Grand River, as well as to other parts of the basin. This report may
therefore be regarded as supplementary to Water-Supply Paper 395
and complementary. to Water-Supply Papers 556 and 618 and the
manuscript reports on the San Juan River and Salton Sea to which
reference has already been made.

The upper Colorado and Green Rivers, which discharge yearly at
their junction essentially equal quantities of water, drain mountainous
regions of great extent, on which there is heavy precipitation. These
two rivers, which yield 82 per cent (12,500,000 acre-feet) of the aver-
age measured run-off at Lees Ferry, Ariz. (15,200,000 acre-feet),
are of great importance in the development of several States through
or near which the Colorado flows.

The headwaters of the upper Colorado River are situated in the
high mountains that form the Continental Divide, at altitudes of
more than 14,000 feet, on which the annual precipitation may exceed
50 inches in depth. The run-off of the Colorado is accumulated into
rivers of considerable size at an altitude of 7,600 feet, and from points
of such accumulation it falls 3,700 feet to an altitude of about 3,900
feet at the mouth of the Green in a distance of about 380 miles, or at
the average rate of about 10 feet to the mile. The fall of tributary
streams is similarly notable. There are therefore within this basin
great power sites that have a combined estimated capacity of more
than 400,000 horsepower with storage development, of which 47,000
horsepower has been developed.

* The basin contains 545,000 acres of irrigated land and 669,000 acres
additional which may be irrigated within the next half century.

There are six diversions across the Continental Divide at altitudes
above 10,000 feet from drainage areas aggregating 30 square miles.
The diverting ditches have capacities ranging between 10 and
220 cubic feet per second and aggregating 343 cubic feet per second.
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The quantity of water diverted varies from year to year and averages
about 20,000 acre-feet.

Several ambitious projects for tunnels and collecting ditches have
been considered. It is estimated that the ultimate limit of additional
diversions from tributaries of the Colorado through the Continental
Divide may be about 275,000 acre-feet, or approximately 4 per cent
of the mean annual discharge above the mouth of the Green.

Storage of waters is closely related to the future development of
the water resources of the basin. Such development has not pro-
gressed far, relatively, as shown by this report, which lists 166 pos-
sible reservoir sites with an aggregate capacity of 16,500,000 acre-feet
but describes only 42 constructed reservoirs with an aggregate capac-
ity of only 88,580 acre-feet. &

It is the essentw.l purpose of the report to present the important
facts relating to the water resources of the upper Colorado River and
its tributaries, so as to afford a basis for comprehensive consideration
of their development and utilization not only within the basin specifi-
cally treated but within the entire Colorado River Basin, in so far as
coordination of utilization and development may be desirable. It is
believed that the report fulfills this purpose in high measure.






SYNOPSIS OF REPORT

PHYSICAL FEATURES OF BABIN

Location..—The upper Colorado River Basin, above the Green River, includes
about half of the western half of Colorado. It lies midway between the northern
and southern boundaries of the State and extends from the Continental Divide
to the mouth of the Green River. The entire area comprises 26,500 square
miles, of which 4,300 miles is in Utah.

Topography.—The topography of the entire basin is extremely rugged. The
main ranges of the Rocky Mountain system, containing hundreds of peaks
exceeding 13,000 feet in altitude and several exceeding 14,000 feet, cross the
upper part of the basin. Farther west, these rugged mountains give way to
flat-topped mesas in which the main river and its numerous tributaries have
deeply intrenched themselves in relatively narrow valleys.

Forestation.—Forests are found only in the mountains, where the preclpltatlon
is sufficient to support their growth. The altitude of the lower limit of foresta-
tion is 7,500 feet, and the upper limit ranges from 11,600 to 12,000 feet. This
upper limit, however, is not due to insufficient precipitation. The total proteetion
stand of timber is 9,457,000,000 feet board measure, covering 6,018 square miles.

CLIMATE

The most distinctive climatic feature of the basin, especially in the valleys, is
the comparative uniformity of weather conditions from day to day, with few
sudden changes.

Temperature.—The wide range of altitude in the basin causes a corresponding
wide range in temperature. The recorded mean monthly maximum temperature
ranges from 70° at Whitepine, Colo. (altitude 10,000 feet), to 95° at Moab,
Utah (4,000 feet), and the mean monthly minimum temperature ranges from
—9° at Gunnison, Colo. (7,680 feet), to 17° at Moab. The maximum tem-
perature recorded was 109° at Delta, Colo. (4,980 feet), and the minimum, —47°
at Gunnison. The diurnal variation in temperature ranges from 25° to 40°
throughout the year and is practically the same for all stations. The wide varia-
tion in temperature causes a corresponding variation in the average period be-
tween killing frosts, the extreme being 18 days at Breckenridge, Colo. (altitude

19,530 feet), and 184 days at Grand Junction, Colo. (4,570 feet).

Precipitation.—The mean annual precipitation ranges from less than 10 inches
in the sheltered valleys to more than 50 inches in the higher parts of some moun-
tain areas. In general the areas of highest precipitation are not on the Continen~
tal Divide but on the mountain masses that form the western.edge of the Rocky
Mountain system. The seasonal distribution is fairly uniform. From 40 to 50
per cent occurs from December to April, and 30 to 35 per cent during the irriga-
tion season—June to September. The winter precipitation is in the form of snow,
which forms the great natural reservoir for stream flow during the summer.
The summier rainfall takes the form of showers, occurring usually in the after-
noons. In the western foothill region the showers occasiona.llfr reach ‘‘cloud-
burst”’ intensity.

X1
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EVAPORATION

In considering evaporation use has been made of all records in the entire
Colorado River Basin. Records at 19 points in and adjacent to the basin have
been compiled by different organizations, using pans of varying types and ex-
posures. These records have been reduced to so-called reservoir equivalents
and represent the evaporation from reservoir surfaces. The mean monthly
determinations are presented for each station together with air temperatures and
wind velocities. In addition computed records of evaporation at Lander, Wyo.,
are given. The mean annual reservoir equivalent of evaporation ranges from
22 inches at Wagonwheel Gap, Colo. (altitude 9,610 feet), to 79 inches near

- Yuma, Ariz, (220 feet). About 50 per cent of the yearly evaporation occurs
from June to September.
WATER SUPPLY

Mean annual discharge.—Records of discharge at nine gaging stations on the
‘main river ranging from 3 to 31 years, are available. By consideration of the
comparatively uniform variation in annual run-off throughout the basin and the
31-year record at Palisade, Colo., the 31-year mean discharge has been computed
for seven atations. At the Cisco station, which represents closely the run-off
originating in Colorado, the mean annual discharge is 6,600,000 acre-feet.

Variation in annual discharge.—In the 31 years covered by the records at
Palisade the variation in annual run-off has ranged from 54 per cent of the mean
in 1902 to 143 per cent in 1917. The year 1902 was in the middle of an 8-year
period of which every year except one had less run-off than the 31-year mean,
‘the mean for the 8 years being 83 per cent. From a comparison of levels of
Great Salt Lake it appears that 1902 was the year of lowest flow in a period of
possibly 75 years. At Hot Sulphur Springs the variation indicated by the
tecords has ranged between 199 per cent of the mean in 1914 and 62 per cent in
1919, but no record is available for the minimum year of 1902.

High-water discharge.—The upper Colorado River and its principal tributaries
are not subject to floods in the commonly understood sense of the term. High
water, which is due to melting snow, occurs with great regularity each year,
but the run-off per square mile is low, ranging from 18 to 3.2 second-feet on the
‘main river and from 33 to 2.7 second-feet on the tributaries.

Low-water discharge.—Except for those streams whose summer discharge is
seriously depleted by irrigation requirements, the period of minimum discharge
oceurs during the winter, when precipitation takes the form of snow and the
only source of supply is the ground water. The minimum run-off per square
mile ranges from 0.68 to 0.07 second-foot.

TRANSMOUNTAIN DIVERSIONS

At six points water for irrigation is being diverted from the headwaters of the
Colorado to other basins, chiefly the South Platte. The mean annual amount
diverted is 20,400 acre-feet. These developments represent practically the limit
of transmountain diversions by relatively inexpensive open ditches. Additional
developments must be made by means of tunnels and long collection ditches
leading to them. Developments to divert water from the Fraser, Williams,
Blue, and Eagle Rivers and Fryingpan Creek—the only streams that the writer
believes are so situated that they can be seriously considered for many years—
have been proposed. The estimated annual diversion by these proposed develop-
ments amounts to 262,000 acre-feet. The discharge of the Colorado River
during the diversion period would be reduced 20 per cent at Kremmling, 15 per
cent at Glenwood Springs, 8 per cent at Palisade, and 5 per cent at Cisco.
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STORAGE

Developed sites.—The storage of water in the upper Colaradoe River Basin is in
an elementary stage. The water supply.of the larger streams is sufficient for
the present irrigation requirements, and it is only on a few of the smaller tribu-
taries that storage has become necessary. Forty-one reservoirs, each having a
oapacity exceeding 500 acre-feet, have a total capacity of 88,000 acre-feet.

Undeveloped sites.—Large reservoir sites are scarce, but there are many sites
ranging in capacity from a few acre-feet to 50,000 acre-feet, and a few still larger.
During the last 25 years engineering organizations have been actively engaged in
surveying possible and impossible reservoir sites and have filed the results of
these surveys in the State engineer’s office. A few of the largest sites have been
surveyed by the United States Bureau of Reclamation. From a study of these
data and of available water supply, augmented by field examinations at a few
places, 38 sites having a capacity of more than 4,000 acre-feet each and a total
capacity of 8,940,000 acre-feet have been selected for discussion. Of these, 17
sites having a total eapacity of 8,180,000 acre-feet appear suited to power de-
velopment, and 22 sites having a total capacity of 761,000 acre-feet appear to
be suited to irrigation development. The increage in power that would be
provided by these reservoirs under different methods of operation is estimated
at 179,000 to 205,000 horsepower for 90 per cent of the time and at 174,000 to-
188,000 horsepower for 50 per cent of the time. The use of the sites having
value chiefly for irrigation will result in the irrigation of an additional 250,000
acres. The largest site is at Dewey, Utah, on the Colorado a few miles west.
of the Colorado-Utah line. This site has a possible capacity of 4,000,000 acre-
feet and would be of value not only for the development of power but also im
redueing the peak of flood flows at Yuma, Ariz.

IRRIGATION AND AGRICULTURE

Early history.—Irrigation in this area dates practically from the sefflement of
the upper end of the basin, about 1860. The first irrigation was on the head-
waters near the mining camps, and as settlement increased new ditches were:
constructed along the streams, gradually approaching the mouth, Grand
Junetion was founded in 1882, and in the following year the Grand Valley Canal
was started by a mutual organization to irrigate a large area in Grand Valley.
With this exception, the early ditches were small individnal or partnership
affairs, many being little more than plow furrows. The few diversion dsms built
were either loose-rock or brush-filled structures. This condition is stil] true for
a great number of the ditches in the upper bagin.

Present development.—In and near Grand Valley and in the Uncompahgre
Valley the large areas of irrigable land and the need for constructing expensive
headworks in the streams made necessary the formation of mutual companies.
After the passage of the reclamation act, in 1902, the Federal Government, at the
request of the landowners, took over the Uncompahgre project and greatly enlarged
it. Later the high-line canal in Grand Valley was built. Mutual companies
irrigate land in Montezuma Valley and mesa lands on the North Fork of the
Gunnison and one or two smaller tributaries. The abundance of water has
made it unnecessary to construct reservoirs except on some of the smaller
tiibutary streams. The total area under ditches is 926,000 acres, of which
564,000 acres is irrigated. The prineipal erops are alfalfa and native hay, smalt
grains, sugar beets, and potatoes.

Future extension.—The future extensmn of irrigation will be brought about by
a complete settlement of existing projects, the enlargement of some of the
projects to cover additional lands, and the construction of new projects. The
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magnitude of the extension is a subject upon which there is a wide difference of
opinion. It is believed that 75 per eent of the land under existing ditches will
ultimately be irrigated, and that the enlargement of existing ditches will cover
15 per cent additional land. It is believed that within a period of possibly 50
years the new projects built will bring the total additional area irrigated up to
669,000 acres. Many of the new projects will require the construction of large
reservoirs. The effect of this additional irrigation will be to reduce the discharge
of the Colorado River at the Cisco station by 1,000,000 acre-feet, or 15 per cent.

WATER POWER

Factors affecting development.—The topography of the basin is fairly well
suited to water-power development, but large reservoir sites are scarce. As
water-power gites are generally above irrigated areas, little conflict will arise
between these two uses when direct flow only is used. If storage of considerable
magnitude is required a conflict may arise during years of very low flow, but this
conflict will occur at such infrequent intervals that it can best be avoided by
releasing the natural flow during those years. The low-water discharge taken as
that for 90 per cent of the time, is about half that for 50 per cent of the time and
one-fifth that of the yearly mean. With unregulated flow the value of the
streams for primary power is relatively small, but with storage this can be greatly
increased.

Power development, with electrical transmission to markets, is a,ttendegi with
considerable difficulty in this area, owing to the wide range of annual temperature,.
electric disturbances, heavy snowfall, rock slides, and high wind velocities.
Moreover, the abundance of coal in nearly all parts of Colorado makes it possible.
to develop steam power close to the markets at a cost which, taken in connection
with the elimination of long transmission lines, is generally cheaper at the present
time than the development of water power.

Factors. affecting hydraulic siructures.—Except where local hot springs prevent
freezing, all the streams are subject to freezing during the winter, and precautions
against ice .are necessary. Though the streams are not usually subject to severe
floods, such floods have occurred. The highest known stage of the Colorado
River occurred July 4, 1884, when the discharge at Fruita was determined as
125,000 second-feet. All streams in the basin were very high during that flood.
In the past 20 years four periods of heavy general rain have occurred in the
basin—September 30, 1909; October 4-6, 1911; and June 3-7 and 14-15, 1921,
The resulting floods were especially severe in the southwestern part of the basin,
in the San Juan Mountains.

The quantity of sediment in the upper Colorado River and its fributaries is
small compared with that in the lower basin. The annual amount has been
estimated at 167 acre-feet at Kremmling, 950 acre-féet at Palisade, and 8,175
acre-feet in the Dewey reservoir site.

Markets.—In the 10-year period ending 1920 the total population of the upper
Colorado River Basin was practically stationary, being about 84,000. In the
past mining has been the chief industry, but it is now at low ebb, and its future
is problematic. The existing power plants will probably be able to care for much
of the market afforded by a revival of this industry. The slow growth of the
population indicates a slow expansion for public utilities, at least for some years.
The future market for power will probably be the region in north-central Colorado
east of the Continental Divide and the electrification of railroads that traverse
the basin. ' .

Developed power.—The installed capacity of water wheels in 41 plants is 47,352
horsepower, of which 7 public-utility plants, chiefly urban, for use in northeastern
Colorado, have 19,034 horsepower; 7 public-utility plants, chiefly mining, 18,050
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horsepower; 20 individual mining plants, 6,718 horsepower; 4 irrigation pumping
plants, 3,350 horsepower; 2 flour mills, 100 horsepower; and 1 private plant,
100 horsepower. Of the total installation 29,450 horsepower is included within
the systems of the Public Service Co. of Colorado, and the Western Colorado
Power Co. ’

Undeveloped power.—In determining the future development iof power all streams
in the basin for which information relative to fall and discharge are available
have been considered. In all 40 sites, having 117,000 horsepower available for
90 per cent of the time and 222,000 horsepower for 50 per cent of the time, are
believed to offer conditions that make such development feastble. These capaci-
ties are with natural flow only. The increased power due tostorage is discussed
under undeveloped storage sites. .






UPPER COLORADO RIVER AND ITS UTILIZATION

By RoBERT FOLLANSBEE

INTRODUCTION
SCOPE OF REFPORT

This report presents, in form for ready reference, the available
data pertaining to the present and future utilization of the surface
waters of the upper Colorado River Basin, above the Green River,
and includes information relating to topography, climate, evaporation,
water supply, transmountain diversions, storage, irrigation and agri-
culture, and water power as they existed in 1927. .

The data concerning developed storage were obtained either from
the operators of the reservoirs or from the State water officials having
jurisdiction over them. The discussion of undeveloped storage in-
cludes all known sites having a capacity of about 4,000 acre-feet or
more, except such sites as appear to the writer unfeasible. The
unfeasible sites have been listed separately, and the reasons for such
classification have been given.

The discussion of irrigated areas is based on the annusl reports
of the State water commissioners, investigations: by many Govern-
ment and State organizations, and personal inspection of the larger
areas by the writer. The descriptions of the larger projects have been
obtained from officials directly connected with them. In considering
additional irrigation in the future all proposed projects have been
studied, and those that do not appear feasible on account of deficient
water supply or excessive cost have been ehmmated

Information concerning developed water power was obtained from
the managers of power plants and by personal inspection. Estimates
of undeveloped water power are based on profile surveys of the prin-
cipal streams in the basin and stream-flow records. No attempt has
been made to estimate the total potential power ini the basin, as much
of the power is scattered along stretches of the streams where the slope
is too small to make its development feasible.

Records of monthly discharge for all gaging stations mamtamed
for any considerable time in the basin are given'in the appendix of
this report. Many of the stations have been maintained by the State
engineer, and the records are published in his bibnnial reports. All

46013—29——2 1
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2 TUPPER COLORADO RIVER AND ITS UTILIZATION

records for the stations maintained by the United States Geological
Survey are published in the annual stream-flow reports of the Geologi-

cal Survey.
INDEX SYSTEM

.For the purpose of indexing data pertaining to the water resources
of the United States, the Geological Survey has divided the country
into 12 major divisions, conforming to the principal drainage basins.
Each of these is subdivided according to minor drainage basins.

In this system the Colorado River Basin is known as division 9,
and the Colorado River above the mouth of the Green comprises
subdivisions D (including all the Colorado River Basin above the
mouth of the Green River except the Gunnison River Basin) and E
(the Gunnison River Basin). Each of these principal subdnnsmns
is again divided into smaller ones as follows:

9D Colorado River Basin excluding the Gunnison River:
9DA Colorado River Basin from source to the Blue River.
9DB Blue River Basin.
9DC Colorado River Basin from the Blue Rwer to the Eagle River. -
9DD Eagle River Basin.
9DE Colorado River Basin from the Eagle River to the Roaring Fork.
9DF Roaring Fork Basin.
9DG Colorado River Basin from the Roaring Fork to Roan Creek.
9DH Roan Creek Basin.
9DJ . Colorado River Basin from Roan Creek to the Gunnison River.
9DK Dolores River Basin from and including the San Miguel River Basin
to the Colorado River.
9DL Dolores River Basin from the source to the San Miguel River.
9DM Colorado River Basin from the Gunnison River to the Green River.
9E Gunnison River Basin:
9EA Gunnison River Basin from the source to Tomlqlu Creek
9EB Tomichi Creek Basin.
9EC Gunnison River Basin from Tomichi Creek to the North Fork
of the Gunnison River. '
9ED North Fork of the Gunnison River Basin.
9EE Gunnison River Basin from the North Fork to the Uncompahgre River.
9EF Uncompsahgre River Basin.
9EG Gunnison River Basin from the Uncompahgre River to the Colorado
River. D

The designation 9DA 1 is explained as follows: The figure 9 is the
number of the major division of the United States—the Colorado
River Basin; the letter D, the first letter following the number, refers
to that stretch of the Colorado River above the mouth of the Green
River; the letter A represents the specific area between the source
of the Colorado River and the Blue River; the figure 1 is the item
number given, to the Monarch mine power plant. Other power
plants in the minor drainage area would be indicated by numbers
9DA 2, 9DA 3, etc. The same system is applied to reservoirs,
reservoir sites, and power sites, the items being numbered consecu-
tively beginning with 1 for the site farthest upstream.
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PHYSICAL FEATURES OF BASIN
LOCATION AND ACCESSIBILITY

The part of the Colorado River Basin considered in this report is
that part drained by the upper river and its tributaries above Green
River. (See pl. 1.) By joint resolution of Congress of July 25, 1921,
and by State enactments, the name of the river above the mouth of
the Green River was changed from Grand to Colorado. The basin
includes about half of the western half of Colorado midway between
the north and south boundaries of the State, extending from the Con-
tinental Divide to the Utah line, and in addition an area of 4,300
square miles in eastern Utah, reaching from the Colorado line to
the mouth of the Green River. The entire area comprised within
the basin is 26,500 square miles. With the possible exception of
Imperial Valley, which may be considered a part of the Colorado
River Basin, the upper basin as a whole is the most accessible part
of the entire Colorado River Basin, as it contains a larger population
per square mile than any other section and in consequence has better
railroad facilities. The main line of the Denver & Rio Grande
Western Railroad traverses the length of the Eagle Valley and follows
the Colorado closely from the Eagle to Cisco, Utah. In addition, a
branch line of this railroad system traverses the valley of each major
tributary. The upper part of the basin, reaching from the head of
the Fraser River to State Bridge, below Gore Canyon, is traversed
by the Denver & Salt Lake Railroad, which extends from Denver
to Craig, in Moffat County. In addition to the railroads, the excellent
highways crossing the mountain ranges at numerous passes make

- all but the more rugged areas easily accessible during the summer.

~
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TOPOGRAPHY !

PLATEAUS AND MOUNTAINS

The northern boundary is a high plateau, the higher eastern half
of which is known as the White River Plateau and the lower western
half as the Roan or Book Cliffs Plateau. So deeply cut are these
plateaus that in some places the boundary separating the basin of
the Colorado from that of the White is not more than 40 feet wide.

The eastern boundary is the Continental Divide, which is made up
of a number of distinct mountain ranges connected with one another.
With the exception of that portion of the divide which is formed by
the Colorado or Front Range, at the head of the main river and the
Fraser, the ranges forming the Continental Divide are a part of that
chain of mountains which crosses the State from north to south
parallel to the Front Range and to which the name Park Range has
been given. The divide west of Leadville is known as the Sawatch
Range, and this is a broad, oval mountain mass deeply indented by
the gorges of the streams that drain it.

From the lower end of the Sawatch Range, near Marshall Pass,
the Continental Divide is formed by the Cochetopa Hills, a more
gently sloping mountain mass with a crest altitude ranging from 10,000
to 12,000 feet, which extends southwest and joins the outlying spurs
of that great group of mountains known collectively as the San
Juan Mountains. Within this group are hundreds of summits
exceeding 13,000 feet in altitude and several that exceed 14,000 feet.
From the San Juan Mountains and the outlying spur known as the
La Plata Mountains the boundary of the basin as far as the mouth
of the Green River is a high plateau deeply cut by the streams that
drain it.

West of the Park Range the drainage basin consists of a succession
of broken plateaus or mesas, which gradually become lower toward
the west. The plateau region is in reality only a border of the large
plateau province that extends in its more typically desert-like char-
acter west and southwest from the Rocky Mountains into Utah,
Arizona, and New Mexico. The general plateau level is interrupted
at short intervals by higher summits and ranges of mountains and is
cut by deep valleys and canyons.

The region between the Colorado and Gunnison Rivers consists of
the eastern part of the Elk Mountain system, which with its spurs
occupies the entire area between the Eagle River and that part of the
Colorado between the Eagle and Roaring Fork, on the north, and the
Gunnison from its head to the mouth of the North Fork, on the south
and west. The principal part of the Elk Mountain system is in tht;

1 Abstracted chiefly from U. S, Geol. and Geog, Survey Terr. Bighth and Ninth Ann. Repts.
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form of parallel ridges connected transversely by low saddles and hav-

ing a general direction parallel to the Sawatch and Park Ranges.’
\ , THE MAIN RIVER '

The Colorado River rises in Middle Park, on the edst slope of
Mount Richthofen, which attains an altitude of 13,000 feet on the
- Continental Divide, here separating the Coldrado River Basin from
that of the North Platte in North Park. Another headwater stream
rises near La Poudre Pass, which separates the-Colorado Basin from
that of the Cache la Poudre, a tributary of the South Platte. From
its source the river flows south for 28 miles through a gradually
widening valley that has gently sloping sides. In this stretch it is
joined by the waters from Grand Lake, which drains the western slope
of the Continental Divide, in the Rocky Mountain National Park.
Near the mouth of Arapaho Creek the Colorado makes a sharp
turn and flows westward for 54 miles across the main part of Middle
Park. The topographic features of Middle Park comprise ridges
separating the tributary streams and rising from 2,000 to 4,000
feet above them. The river thus flows alternately across flat, open,
treeless areas and in shallow canyons cut through the separating
ridges. From Parshall to the entrance to Gore Canyon, beyond
Kremmling, a distance of 20 miles, the river flows through an exten-
sive basin, much of which may be called river bottom land, subject to
overflow during flood stages. Here the fall of the stream is only 8
feet to the mile, and the channel is very winding. In Middle Park
the river is joined by a nuinber of tributaries, the chief of which are the
Fraser, Williams, and Blue Rivers from the south and Willow,
Troublesome, and Muddy Creeks from the north.

At the western edge of Middle Park the river has cut its way across
the Gore Range, one of the subdivisions of the Park Range, which
forms the western boundary of the park, and flows through Gore Can-
yon. The sides of this canyon are vertical for several hundred feet,
above which they recede in a moderately steep slope to the averagealti-
tude of therange. Through the canyon the river rushes in a tumbling
torrent, falling 360 feet in 5 miles, the greatest drop in the upper
river below the headwaters. From the end of Gore Canyon to Glen-
wood Springs the river flows through a series of canyons interspersed
with narrow valleys. In this stretch the principal tributary is the
Eagle River.

* Below the meuth of the Roaring Fork, at Glenwood Springs, the
river is in a narrow valley for about 3 miles, with very high hills rising
abruptly on each side. 'Then it enters a closed canyon, through which
it flows for 12 miles; below this is a broad valley, which extends from
a point a few miles west of Newcastle to Rulison, a distance of:30
miles east and west, and whose maximum width from north to south

PRGE ]
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is 20 miles. Below this valley the high plateau forming the northern
boundary of the basin approaches the river and reappears on the oppo-
site side as the Battlement Mesa. Through this section the river
flows for a distance of 40 miles in a canyon having a maximum depth
of 3,000 feet, and then it emerges onto a broad valley, known as Grand
Valley, which reaches from Palisade nearly to the Utsah line.

Grand Valley is bounded on the north by the Roan or Book Cliffs,
which form the northern boundary of the basin, and on the south by
Grand Mesa and the Uncompahgre Plateau, both of which are mighty
escarpments as viewed from the valley. Below the mouth of -the
Gunnison, at Grand Junction, the valley has a width of 10 miles.
Here the river hugs the base of the Uncompahgre Plateau, which rises
4,000 feet above the valley floor and flows through a bottom 1 mile or
more in width. The bench land of the valley lying north of the river
lies 100 feet higher than the river’s edge and gradually rises toward the
northern cliffs. On the south the bench land rises rapidly to the steep
slopes of the Uncompahgre Plateau. Near Maeck, 20 miles below
Grand Junction, Grand Valley terminates, and the river enters a low
canyon from 50 to 200 feet deep, through which it flows as far as the
mouth of the Dolores River. At that point it buries itself in a short
canyon, which is deep and winding and from which it emerges into
a narrow valley surrounded by cliffs from 1,600 to 2,500 feet high carved
in fantastic forms. Below this valley the Colorado flows alternately
in canyons and across narrow transverse valleys until it is joined by
the Green River, at an altitude of 3,876 feet above sea Ievel

TRIBUTARIES ABOVE GUNNISON RIVER

Grand Lake, which has an area of 530 acres, lies at an sltitude of
8,370 feet on the western slope of the Continental Divide, which is
here the Front Range in the Rocky Mountain National Park. Numer-
ous streams rise near the crest of the divide at altitudes exceeding
12,000 feet and unite in three principal tributaries—known as East
and North Inlets and Tonahutu Creek—which flow through deep
gorges and narrow valleys to Grand Lake and drain many small
mountain lakes. From Grand Lake an outlet stream flows 6 miles
through an open valley to the Colorado.

The Fraser River rises on the north side of Berthoud Pass and drains
the western slope of the Continental Divide from the Arapaho Peaks
to Vasquez Peak, a distahce of 30 miles, in a region of rugged canyons
and far-stretching mountain spurs. From its source nearly to the
town of Fraser the river flows through a narrow valley, which breadens
to an average width of 2% miles between Fraser and Tabernash.
Below Tabernash the river forces its way through a spur of the Con-
tinental Divide and flows in a canyon 600 feet deep to a point 5 miles
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from the river’s mouth and below Granby. The chlef mbuts,nes are
Vasquez, St. Louis; and Ranch Creeks. “

" 'The area drained by the Williams River lies in the southem purt
of Middle Park, between the basins of the Fraser and Blué- Rivers.
It is separated from them by spur ranges that jut out from. ithe
mountain walls and form the southern boundary of the park. The
river rises near Jones Pass, on the west slope of Vasquez Peak. The
principal source receives its water from four branches that issue from
canyons which unite in a deep valley at the foot of Ute Peak. From
the junction of these streams the Williams River flows through &
vaﬂey whose side slopes gradually become gentler and farther a.part
until at a point 10 miles above its mouth it attains a maximum
width of 2 miles, which continues for a distance of 8 miles. - Then .
the river forces its way through a connected ridge of buttes, forming
the southern margin of the valley of the Colorado, in a canyon 2%
miles long, which ends very close to the mouth near Parshall.

The East and West Forks of Troublesome Creek drain the southern
slope of the Rabbit Ears Range, forming thé Continental Divide,
which is here the boundsry between North and Middle Parks. The
East Fork flows through a narrow valley, which closes in to a canyon
from 800 to 1,000 feet deep and 2 miles long. Immediately below the
canyon the East Fork unites with the West Fork, which flows through
an open valley. From the junction Troublesome Creek flows south-
ward for 9 miles and joins the Colorado 5 miles east of Kremm-
ling. Its valley gradually broadens to several miles in width at the
mouth, and through this stretch the creek is bordered by a series of
high terraces. The two forks are separated by a steep ridge, ranging
from 1,600 to 1,800 feet in height.

Muddy Creek drains the northwest corner of Middle Park. Its
basin is bounded on the west by the Gore Range, which is the western
boundary of Middle Park, and on the north by the Rabbit Ears
Range. Both ranges furnish numerous short tributaries. Through-
out most of its course Muddy Creek meanders in a broad valley
bottom of varying width and is bordered on each side by a series of ter-
races, which on the west side ascend to the summit of the broad Gore
Range. Near the mouth of the stream the meanders become greater
in extent until at last the streams bend in a huge curve to meet the
Colorado at Kremmling.

The Blue River and its principal tributaries, the Snake River and
Tenmile Creek, drain a comparatively narrow strip in the southwest
corner of Middle Park, separated from the Williams River Basin on
the east by the Williams River Mountains. These form a compact
mountain mass unmarked by deep drainage channels on either slope
and having an altitude between 11,000 and 12,000 feet. The western
boundary of the basin is the rugged Gore Range, the sides of which
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contain deeply eroded amphitheaters and sharp-crested spurs. The
headwater streams drain the western slope of the Continental Divide,
extending from & point 6 miles northwest of Grays Peak to the head
of the Arkansas River near Leadville, a distance of 50 miles, and
including several peaks exceeding 14,000 feet in altitude. For 20
miles north, from Hoosier Pass to Dillon, the Blue flows through a
narrow but fairly open and gravel-filled valley. In this distance the
river receives many short tributaries from the west, draining the
steep slopes of the Tenmile Range, which separates the Tenmile
Creek Basin from that of the Blue. From the east the Blue is joineéd
by the Swan River and French Creek, which drain the rugged area
of the upper basin. Just above Dillon the valley attains a width
of 1 mile or more, with a level floor, and in this valley the Blue
receives its two chief tributaries. The Snake River rises on the steep
slopes of Grays Peak in a snow-filled amphitheater and flows west-
ward through a narrow valley to the Blue. Tenmile Creek rises at
Fremont Pass, near the heads of the Eagle and Arkansas Rivers,
and flows northward through a narrow valley, terminating in a
canyon, from which the creek emerges into comparatively open
country.

It flows for 4 miles through this open country and enters the Blue
a short distance below the Snake River at Dillon. Below Tenmile
Creek the Blue River flows northwestward for 35 miles and joins
the Colorado near Kremmling. For the greater part of the distance
its course leads through the narrow Blue River Valley, in which the
channel is cut from 40 to 80 feet below the natural valley floor.
Between the river and the steep slopes of the Gore Range on the west
morainal deposits covered with a dense growth of pine and having an
average width of several miles form an intermediate zone between
river and mountains. Many small tributaries rise in this zone. On
the east the sides of the valley rise abruptly to the steep slopes of the
Williams River Range, on which a few tributary streams have their
sources. A semi-isolated butte, known as Green Mountain, rises in
the center of the valley, 12 miles above the mouth of the Blue River,
and partly cuts it off by a low saddle extending to the eastern
boundary. Below this point the lower valley has uniform charac-
teristics of the regular, gradually rising, terraced slopes of its margins.

The Eagle River Basin lies west of the Blue River, from which-it-
is separated by the Gore Range. On the south the basin is bounded
by the Continental Divide, which separates it from the Arkansas
Basin, and reaches & maximum altitude of 13,227 feet in Homestake
Peak. The lowest point is Tennessee Pass, 10,240 feet in altitude.
On the west the boundary is the Sawatch Range, in which the Mount
of the Holy Cross reaches an altitude of about 14,000 feet. Eagle
River is formed by the East Fork and Piney Creek. The East Fork
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has its source in two tiny lakes on the north slope of Buckeye Peak,
at an altitude of 12,000 feet. For the first 6 miles the stream curves
to the west and then it enters a flat valley half a mile wide and 4
miles long, known as Eagle Park. Near the upper end of the park
the East Fork is joined by Piney Creek, which rises near Tennessee
Pass. The Eagle River pursues a winding course through the park
and then enters a narrow canyon, through which it flows for 3 miles.
Just below the canyon at Redcliff the Eagle River is joined by Turkey
Creek from the east and:by Homestake Creek—one of -the chief
tributaries—from the west. At this point the Eagle again plunges
into a canyon, through which it flows to Minturn, a distance of 8
miles. This canyon is one of the most picturesque in the Rocky
Mountain region; the nearly vertical walls are 500 feet high and
only 100 feet apart in the narrowest section. The fall of the Eagle
is here 100 feet to a mile, and miniature cascades are formed in many
places. Below Minturn the valley loses its canyon characteristics
but alternately widens and contracts. Gore Creek enters the Eagle
1 mile below Minturn, and at that point the river changes its course
abruptly and flows westward to its junction with the Colorado.
Near Avon the valley is 1 mile wide. Below Wolcott the north side of
the valley is marked by high cliffs of brilliantly colored rocks, and the
-opposite side is nearly flat. Near the town of Eagle the river has cut
into the floor of the valley, leaving a terrace from 60 to 80 feet high
and from half a mile to several miles in width, where Brush Creek
joins the Eagle River a short distance below the town. This terrace
extends for a distance of 6 miles below Eagle and in places is bordered
by a second terrace 50 feet higher. Another break in the south wall
of the valley occurs at Gypsum, where the valley of Gypsum Creek
merges with the Eagle Valley. A short distance below this point the
river again enters a canyon, through which it flows for 5 miles to its
mouth.

- The Roaring Fork, one of the chief tributaries of the upper Colorado,
drains an ares lying on the west slope of the Sawatch Range, which -
separates the Roaring Fork and Eagle Basins. It also drains the
northern slope of the Elk Mountains, which form the southern and
eastern boundary of the basin, separating it from that of the Gunnison.
The eastern part of the basin is drained by Fryingpan Creek, the
principal tributary, which is bordered on both sides by broad, high
mountain ridges that reach altitudes of more than 11,000 feet. The .
same broad, massive character is shown by the ridges separating the
branches of the Roaring Fork as far west as Castle Creek. Here is
the principal range of the Elk Mountains, and the character of the
mountain forms changes materially, the broad, massive ridges giving
way to sharp, conical peaks, ragged ridges, pinnacles, and spires, -
which extend northward as far as the Crystal River. Beyond that
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point the mountains are succeeded by the flat-topped mesas typical
of western Colorado. ,

~ The Roaring Fork rises in several streams that have their sources
in tiny lakes on the western slope of the Continental Divide, at an
altitude of 12,000 feet. These streams all flow through canyon-like
valleys to join the Roaring Fork, which in turn flows through a similar
valley. This valley begins to widen at a point 2 miles above Aspen
and continues to widen gradually until it reaches a maximum width
of 4 miles at the mouth of the stream at Glenwood Springs. As the
Elk Mountains are subject to very heavy precipitation, many large
tributaries enter the Roaring Fork from the west; the chief ones are
Castle, Maroon, and Snowmass Creeks and the Crystal River. Ex-
cept for Fryingpan Creek the tributaries from the east are short and
relatively unimportant.

Elk Creek is formed by three branches—the West, Middle, and
East Forks—which rise on the southern edge of the White River
Plateau at an altitude of about 10,000 feet and flowing south unite
in one stream a few miles above the mouth at Newcastle. High
ridges separate the different branches, forming narrow valleys through
which they flow.

Divide Creek has two main branches, East and West Divide Creeks.
It drains an area lying south of the Colorado and just west of the
Roaring Fork Basin. This area comprises the northern slope of a
high mesa that reaches an altitude of 10,000 feet. This mesa may be
considered a northeastern extension of Grand Mesa. Beyond the
junction of the two branches the creek flows north for 6 miles and
enters the Colorado 1 mile east of Silt.

Parachute and Roan Creeks drain the Book Cliffs, the southern
edge of the Book Plateau, which is the northern boundary of the
Colorado Basin. Parachute Creek rises at an altitude of 8,000 feet,
flows south and west through a narrow valley for a distance of 20
miles and enters the Colorado at Grand Valley. Roan Creek is
joined by numerous tributaries that rise near one another and flow
through narrow, parallel valleys. Below the junction of the principal
headwater streams Roan Creek flows southeastward through a broad
valley and enters the Colorado at De Beque.

Plateau Creek drains the southern half of Battlement Mesa and
the northern half of Grand Mesa. Grand Mesa, which is the larger
of the two table-lands, has a general altitude of 10,000 feet, or from
4,000 to 5,000 feet higher than the valleys at its base. The sides of
the mesa consist of nearly vertical cliffs from 1,000 to 2,000 feet high,
below which are steep talus slopes, gradually becoming gentler as the
valleys are reached. The sparsely timbered top of the mesa has a
rolling surface rising to a peak 11,000 feet in altitude at the east end
and is interspersed with many small lakes and marshy areas.
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Plateau Creek rises on the north slope of Elk Mountain, the highest
point of Grand Mesa, and flows northwestward down the steep
- slope to the valley, where it turns sharply and flows southwestward
to its junction with the Colorado, 6 miles above Palisade. The
valley is broad and shallow on the top of the mesa; but as the creek
flows downward it cuts deeper into the side of the mesa until near the
entrance to the main Plateau Valley, the area between Grand and
Battlement Mesas, it flows in a canyon. Through the main valley
Plateau Creek is bordered by high terraces separating the numerous
tributaries that drain the sides of both mesas. These streams have
nearly parallel courses and form very regular drainage systems. The
principal tributary, Buzzard Creek, drains the western slope of the.
high ridge joining Battlement and Grand Mesas. For 6 miles above
its mouth at Collbran Buzzard Creek pursues a course parallel to
Plateau Creek at a distance of less than a mile but separated from it
by a high terrace.

GUNNISON RIVER

The Gunnison River, the principal tributary of the upper Colorado,
drains an area lying south of the Colorado and embracing some of the
most rugged country in the entire Colorado River Basin. The
Gunnison Basin is bordered on the north by Grand Mesa and the Elk
Mountain group, on the east by the Sawatch Range, on the south by
the Cochetopa Hills and the San Juan Mountain group, and on the
west by the Uncompahgre Plateau. Altitudes along the boundary
range from 9,000 to 14,000 feet. Within the basin are flat-topped
mesas through which the streams have cut deep canyons. At the
lower ends of the courses, however, these canyons gradually widen to
broad valleys that have stesply sloping sides.

The Gunnison River is formed by the Taylor River, which drains
the northern slope of the Sawatch Range, and the East River, which
drains the southern slopes of the main Elk Mountain maess. The
Taylor River, the main source, rises at an altitude of 12,000 feet and
describes an arc, bending westward until it unites with the East River
at Almont. The Taylor River flows in a narrow valley for several
miles below its source, but near the mouth of Red Mountain Creek
the valley widens into Taylor Park, across which the river flows for a
distance of 10 miles. At the lower end of the park the river enters a
canyon, which has an average depth of 1,200 feet and a length of 16
miles and extends to the junction with the East River.

From Almont to the mouth of Tomichi Creek, 2 miles below the
town of Gunnison, the Gunnison River flows through a flat valley 5
miles wide and is joined by Ohio Creek, which drains ths eastern slope
of the West Elk Mountains, and by Tomichi Creek, which drains the
slopes of the Sawatch Range and the Cochetopa Hills. The broad
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valley of the Gunnison extends several miles un both Ohio and Tomichi
Creeks, with broad bottoms on each. Below tne mouth of the Tomichi
the valley narrows to a width of 1 mile, which is all bottom land, ex-
tending down the river for 4 miles. North of the valley the country
rises to the West Elk Mountains in a sloping plateau, which is cut
into long tongues by tributary streams having parallel courses. At
the mouths of the Beaver Creeks the long tongues of mesa run down
to the river, forming a canyon from 100 to 200 feet deep, which,
except for a few small patches of meadow land, extends to the mouth
of Lake Fork. South of the valley the country is very broken but in
general rises gradually to the outlying spurs of the San Juan Moun-
tains.

Near the mouth of Lake Fork the land rises rapidly on both sides
of the river to a high plateau. On the south side the plateau is flat,
with an altitude of 9,000 feet, but on the north side it starts at an
altitude of 9,000 feet near the river and graduslly rises toward the
northwest. Through this plateau the Gunnison has cut what is
known. as. the Black Canyon, which is 56 miles long and. has a maxi-
mum depth of 3,000 feet. The plateau consists of gneiss topped with
1,000 to 2,000 feet of stratified rocks that lie in nearly horizontal
beds. The canyon is cut through the stratified rocks and deep into
the gneiss, increasing in depth with the fall of the river. This part
of the canyon has rough, ragged, nearly vertical walls, with no beach
at the river. On top of the gneiss is a sloping bench, marking the
line between gneiss and stratified rocks, and above the bench are
the steeply sloping walls of stratified rocks, generally ending with 100
or 200 feet of vertical cliff just below the summit of the mesa. The
tributaries in this plateau have cut but slightly into the gneiss and
have a very heavy fall just before reaching the river. A short distance
above the mouth of Crystal Creek the plateau north of the river ends
in a well-defined terrace 10 miles long and 1,800 to 2,000 feet high. In
its place is a lower, wider plateau, known as Black Mesa, with its
edge to the Gunnison and sloping downward toward the North Fork.
The plateau south of the river is nearly horizontal.

The river turns abruptly at a point 20 miles below the mouth of
Crystal Creek and flows northward for 12 miles to its junction with the
North Fork, where it makes another abrupt turn and resumes its
westward course. For 10 miles above the mouth of Smith Fork there
is & canyon within a canyon; the inner one, cut into the gneiss, is
merely a narrow cleft in the rocks with smooth, vertical sides, between
which the river rushes. At Smith Fork the river canyon is only 300
feet deep, with the stratified rocks rising nearly 1,000 feet above it;
but below Siaith Fork the river runs out of the gneiss and becomes a
placid stream, meandering about on the broad valley floor from one
wall to the other, leaving on the opposite side patches of beautiful
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bottom land. The canyon terminates a few miles below the North
Fork, and the river emerges into the lower end of the Uncompahgre
Valley. Asfar as the mouth of Roubideau Creek the river bottom is
2 miles or more in width. In this stretch the river doeg not occupy
the lowest part of the valley, which lies between the river and the
west end of Grand Mesa, but flows in & canyon closely hugging the
Uncompahgre Plateau, to which the west side of the valley rises.
This canyon, known as Unaweep Canyon, has an average depth of
800 feet, and its vertical walls consist of stratified rocks of the most
brilliant coloring. The river bottom is broad, and the sluggish river
meanders from one wall to the other. . It joins the Colorado at Grand
Junction. ‘

Tomichi Creek rises on the western slope of the Sawatch Range in
sec. 11, T. 50 N., R. 5 E. New Mexico principal meridian, and flows
south through a narrow valley for a distance of 16 miles to a point
where it is joined by Marshall Creek, which rises on the western slope
of Marshall Pass. Tomichi Creek then turns and flows northwest-
ward to its junction with the Gunnison, 2 miles below the town of
Gunnison. The Tomichi Valley gradually widens, and between

Quartz Creek and the mouth its average width is 2 miles.

Sapinero Creek rises on the west slope of the West Elk Mountains
at an altitude of 9,500 feet and flows through a narrow valley to its
mouth near Sapinero. t

The Lake Fork of the Gunnison River drains the northeast slopes
of the San Juan Mountains. It rises in a tiny lake below Hendies
Peak at an altitude of 13,000 feet. Its course is northwestward
through a canyon, which gradually widens into a narrow valley that
contains Lake San Cristobal, which has an area of 322 acres. Below
the lake the Lake Fork flows northward through a narrow valley,
which finally closes into a canyon 12 miles long, cut through the
gneisses forming the south wall of the Gunnison River Canyon. The
Lake Fork joins the Gunnison 1 mile west of Sapinero. Its chief
tributary is Henson Creek, which rises in the San Juan Mountains
just north of the Lake Fork and flows through a canyon to its jinction
with that stream at Lake City.

Cimarron Creek drains a northern spur of the San Juan Mountains.
It rises below Matterhorn Peak at an altitude of 12,000 feet and
flows northward through a narrow valley. This valley contracts
at the lower end to a canyon 1 mile long, through which the creek:
falls nearly 300 feet to the Gunnison, entering it in the Black Canyon.

-Crystal Creek drains the southwest spur of the West Elk Mountains.
It rises about in sec. 15, T. 50 N., R. 5 W. New Mexico principal
meridian, and flows southwestward to the Gunnison, entering it 4
miles above the portal of Gunnison Tunnel. For the first 8 miles its
course is in.a canyon, which ends where the creeck leaves the mountsdins
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and crosses Black Mesa. Here its valley is shallow for a few miles,
and then the creek enters another canyon, which rapidly becomes
deeper as the creek makes a quick descent to the Gunnison in the
Black Canyon, the north wall of which is 3,000 feet high at this
point. ,

The North Fork, the principal tributary of the Gunnison, drains
an area comprising the southern slope of Grand Mesa, the western
slope of the West. Elk Mountains, the northern slope of Black Mesa,
and the region of smaller, flat-topped mesas cut by canyons between.
the boundaries mentioned. The North Fork is formed by Muddy,
Anthracite, and Coal Creeks, which flow through deep canyons to
their junction in T. 12 S., R. 89 W. Below the junction the North
Fork flows in a canyon as far as Somerset,, a distance of 8 miles, and

there the canyon gives way to a gradually widening valley, in which.
the river is bordered by gravel terraces. These terraces rise higher.

above the stream as it proceeds toward its mouth, but just above
its mouth the North Fork flows through a low canyon, in which it
joins the Gunnison 13 miles east of Delta. In addition to the head-
water streams the chief tributaries of the North Fork are Minnesota

Creek from the south and a number of streams rising on Grand Mesa,

of which the largest is Leroux Creek. This tributary rises at the
southern edge of Grand Mesa, in a region of many small lakes, at an
altitude of 10,000 feet, and flows southward, descending the steep
slope of the mesa in a canyon that extends nearly to its mouth near
Hotchkiss.

Surface Creek, which is tributary to the Gunnison through Forked
Tongue Creek, rises on Grand Mesa just west of Leroux Creek,
near Leon Peak. It descends the steep slopes of Grand Mess in a
canyon, which gives way near Cedaredge to a valley 1 mile or more
in width. In this valley the creek itself is bordered by gravel terraces,
which at the lower end reach the heights of mesas.

The Uncompahgre River drains the northern slope of the San Juan
Mountains and the northeastern slope of the Uncompahgre Plateau,
which may be considered the boundaries of the Uncompahgre Valley.
This valley, which is 40 miles long, is triangular in shape, with its
apex at Ridgway, near the mouth of the canyon section, and its 30-
mile base near Delta, where it merges into the valley of the Gunnison.
The Uncompahgre River rises in a number of tiny lakes on the north
slope of Hurricane Peak, in the heart of the San Juan Mountains,
at an altitude of 12,000 feet, and flows northward to its junction with
the Gunnison at Delta. Above Ridgway the river flows through
deep canyons and narrow valleys, but at Ridgway the mountain
walls give way on the west to the gently sloping side of Uncompahgre
Plateau, which decreases in height from 10,000 feet at the upper end
to 8,600 feet opposite Delta. The east side of the valley is the
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steep and deeply eroded slope of the northern spur of the San Juan
Mountains, here called Cimarron Ridge, which has & maximum
altitude of 12,000 feet. Through the valley the Uncompahgre River
flows in a broad bottem, above which—at an altitude of 200 feet—
perfectly flat bench lands rise in regular steps. The only sizable
tributaries are Red Mountain and Canyon Creeks, which join the
Uncompahgre before it leaves the mountains. Irrigation is carried
on so extensively in the Uncompahgre Valley that the streams rising
on the slopes contribute but little water to the main river.

Kahnah Creek drains the western slope of Grand Mesa, which rises
5,000 feet above the valley of the Gunnison, in tongues of sloping
mesas that give way to steep timbered ridges and end in a vertical
cliff 200 feet high. Kahnah Creek rises on the mesa, in a8 number of
small lakes, and flows down its steep sides in a deep canyon that
gives way to the gently sloping floor of the Gunnison Valley, into
which it has cut a narrowchannel. Kahnah Creek enters the Gunnison
20 miles above Grand Junction. '

DOLORES RIVER

The drainage basin of the Dolores River lies west of the Un-
compahgre Basin and north of the San Juan Basin, in the extreme
western part of Colorado, with a triangular tongue extending to the
Colorado River in eastern Utah. The upper part of the basin, lying
on the western slopes of the San Juan Mountains, is extremely rugged,
and many peaks reach an altitude of 13,000 feet. Extending north-
west from the mountains nearly to the Colorado River is a spur
known as the Uncompahgre Plateau, which decreases gradually in
height as it recedes from the mountains from 10,000 feet at its head
to 8,600 feet near its lower end. This plateau slopes gradually up-
ward from the Uncompahgre Valley to its crest and then breaks off
abruptly in a succession of two or three steps to the canyon of the
San Miguel River, the chief tributary of the Dolores. West of the
San Miguel are broad stretches of plateau intersected by steep-
walled canyons, the general altitude ranging from 6,000 to 9,000
feet. Except at the base of the San Juan Mountains, this country is
almost destitute of water other than the Dolores River. One or two
small streams have a small perennial flow, but the water is generally
alkaline, )

The Dolores River rises on the southwestern slope of the San’
Juan Mountains, below Grizzly Peak, at an altitude of 13,000 feet.
Its general course is southwest through a canyon, until it emerges
from the mountains near the mouth of the West Fork. Here it
turns south, then turning back almost upon itself flows northward
against the slope of a plateau, in which it buries itseli deeper and

46013—20——3 i :
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deeper. So close to the southern edge of the plateau has the Dolores
cut its channel that near the town of Dolores, where it turns abruptly
to the north, a tunnel 5,480 feet long diverts water from the river
into the San Juan Basin for irrigation in Montezuma Valley. Near
the San Miguel-Dolores County line the river reaches the edge of
the plateau, and by a succession of zigzags alternately with the dip
and strike of steeply inclined beds it reaches the valleys of Disap-
pointment and Gypsuym Creeks, which have an elongated saucer
shape, being surrounded on all sides and separated from each other
by beds dipping toward their centers. The Dolores flows around
the west and north sides of these valleys on the outside of the rim,
most of the way in a canyon between the rim and the wall of the
plateau. Below Gypsum Valley the river enters a canyon cut
through another plateau and flows between walls of sandstone from
500 to 1,000 feet high in a course that is extremely tortuous, owing
to its slight fall. Having cut through the plateau Dolores River
crosses Paradox Valley transversely for a distance of 4% miles and
again enters a canyon, cut through the plateau forming the western
boundary of the San Miguel River Basin; in this canyon it is joined
by the San Miguel.

Below the mouth of the San Miguel the Dolores River turns and
pursues a winding course through canyons cut in the predominant
sandstone of this region. The strata rise toward the north, so that
at the mouth of the San Miguel the channel of the Dolores is confined
within the sandstone, but at Gateway, 25 miles downstream, the
sandstone forms an escarpment 250 to 300 feet high, at the top of
the valley. The side canyons have eroded shallow channels along
the tops of the plateau region but drop vertically into the river valley
over the capping of massive sandstone. Just above Gateway the
west wall of the canyon gives way to a slope that rises 300 feet in a
width of 1% miles. The palisades at Gateway form the last of the
escarpment on the north side of the valley, which gives way to a
gently sloping plain extending back 1 to 3 miles from the river.
Near the Utah-Colorado line the sides close in again, and the river
flows through a canyon to its junction with the Colorado.*

The San Miguel River, the principal tributary of the Dolores,
drains the northwestern slope of the San Juan Mountains. It is
formed by amumber of streams that rise in so-called mountain basins
east of Telluride, at an altitude of 13,000 feet, and unite near Tellu-
ride. From this point the San Miguel flows westward through a
narrow valley, which becomes a canyon near the mouth of the Lake
Fork, the principal mountain tributary. Leaving the mountains the
San Miguel flows northwestward to its junction with the Dolores,

1 Description of river below the San Miguel River taken chiefly from an unpublished report by E. E.
Jones on the power resources of the Dolcres River (U. 8. Geol. Survey, 1925).
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{following the southwestern foot of the Uncompahgre Plateau with its'
abrupt slope in steps. Its course is entirely in a canyon, and there
are only a foew small areas of bottom land. The plateau along its
course, a lower extension of the Uncompahgre Plateau, is very flat
and uniform, gradually descending from an altitude of 8,000 feet
near the source of the river to 6,000 feet at its mouth. The rugged
canyon walls range from 200 to 2,000 feet in height, with an average
of 1,000 feet. Between the San Miguel and the Dolores the country
consists of broken plateaus, here and there thrown up into ridges.

FORESTATION?

In the Colorado River Basin forests, or large bodies of trees, as
distinguished from the scattered growths seen chiefly along the
streams, are found only in the mountains, where the precipitation is
sufficient to support their growth. The lower limit of forestation is
7,500 feet. Although precipitation increases in general with increase
in altitude, forests do not grow at the higher altitudes in the mountains
but stop at & more or less definite limit known as timber line. The
altitude of timber line ranges from 11,600 feet in the northern part
of the basin to 12,000 feet in the southern part. Practically all the
forested area is included in national forests, which cover the greater
part of the mountainous portion of the basin.

Within the forests are large nonforested tracts, comprising. areas
above timber line, grasslands, mountain meadows, and barren lands
where the topography is too rugged for tree growth. There are also
considerable sreas of burned-over land, but as most of these are in
various stages of reproduction they are not included in the nonforested
areas.

In the following table the “protection area’’ consists of timberland,
woodland, and burned-over land:

National forest areas in Colorado River Basin

Protection stand ,
(M feet b. m.)
Protec-
Net area
Forest Streams draining— (square t(lgnuarea Per
miles) | ar)e square
Total mile of
otec-
tion area
Upper tributaries of the Colorado. ... 992 800 | 2,918,600 3, 600
Blue and Eagle Rivers_..__.._.......| 43 | | 249 237, 000 950
-| Roaring Fork and Eagle River........ 1,830 1,380 ) 1,777,310 1,200
Minor tributaries of Colorado River... 464 280 439, 000 1,570
Colli(:rado and North Fork of Gunnison 1,010 712 333, 667 - 469
vers.
Gunnison........... Gunnpdson River_. ... ... 1,420 1,010 724, 750 718
Uncompahgre.......{ Gunnison and Dolores Rivers.._.._... 1,230 090 | 1,492,011 1,510
Montezuma_ ... Dolares River. 1,090 588 | 1, 806 2,610
T IO 8,479 | 6,018 9,457,144 | .. 1,570

t Compiled chiefly from data furnished by U. 8. Forest Service,
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SCENIC AND RECREATIONAL FEATURES ¢

General features—The rugged topography of the upper Colorado
River Basin affords so many scenic and recreational features that the
entire region may be named the playground of America. The
Rocky Mountains have been for many years the Mecca of eastern
mountain lovers, and their name has summed up European ideas of
American mountain grandeur. The higher mountains in the basin
are included within the boundaries of the Rocky Mountain National
Park and eight national forests.

The upper end of the drainage basin, lying within the national
park, is a region of loveliness and wildness—diversified by imposing
mountaing, innumerable streams, and lakes of great charm. Just at
timber line, where the winter temperature and fierce, icy winds make
it impossible for trees to grow tall, the spruces lie flat on the ground
like vines; presently they give place to low birches, which in turn
give place to small piny growths,. and finally to tough, straggling
grass, hardy mosses, and tiny alpine flowers. Grass grows in
sheltered spots even on the highest peaks, a forttnate circumstance
for the large curve-horned mountain sheep that seek these high, open
places to escape their special enemies, the mountain lions. Nowhere
else is the timber line struggle between the trees and the winds more
grotesquely exemplified or its scene more easily accessible to tourists
of average climbing ability.

Mountain peaks.—Including the boundaries of the Colorado River
Basin, there are 50 peaks that are greater than 13,000 feet in alti-
tude, and of these 11 reach above 14,000 feet. The highest is Mount
Massive, with its crest at an altitude of about 14,400 feet, near
Leadville. Probably the most famous of these mountains is the
Mount of the Holy Cross, in the Eagle River Basin. To quote
Campbell : °

This wonderful peak, hidden away in the mountain fastnesses, far from the
ordinary routes of travel, bears a shining symbol of the Christian religion. The
snowy cross is so protected by clefts in the rock that it never disappears, no
matter how long and how hot the summer may be.

Another famous peak is Lizard Head, in the southeastern part of
the Colorado Basin near Telluride. This has been described as “a
sheer rock pinnacle reaching over 13,000 feet and resembling the
uplifted nose of a gigantic reptilian monster.”” This peak, which is
generally considered inaccessible, was supposed to have been scaled
by a team of professional climbers, who left a tobacco can containing
a statement of that fact. As no one since that time has reached the
summit the proof has not been discovered. Other peaks in the basin,

¢ Based largely on publications of the National Park Service and U. 8. Forest Service.
8 Campbell, M. R., Guidebook of the western United States, Part E, The Denver & Rio Grande Western
Route: U. 8, Geol. SBurvey Bull. 707, pl. 53, 1922,
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though less inaccessible than Lizard Head, afford interesting and
difficult climbs and give all the thrills of the Swiss Alps. From the
summit of Uncompahgre Peak the observer may look into the four
States of Arizona, New Mexico, Colorado, and Utah, which meet at
square corners, not far beyond the upper Colorade River Basin.

A mountain region that can not be passed over without mention
is Grand Mesa, which lies between the Colorado and Gunnison
Rivers near their junction. This mesa, which is an enormous’ flat-
topped mountain rising & mile above the valleys at its base, has an
area of about 1,000 square miles and is one of the largest flat~topped
mountains in the world. From its edge at the top of the vertical
cliffs magnificent views of the valleys are obtained, and the small -
‘holdings into which the valley lands are divided give the appearance .
of a huge checkerboard. Grapd Mesa is easily reached by geod
automobile roads on both north and south sides, and the rise of. nearly
6,000 feet may be made so rapidly that one may pick peaches in the
walley orchards and three hours later enjoy the summer: Sport of
throwing snowballs from the rim of the mesa.

The lofty peaks with the awe-inspiring views obtained" f,rom them
may be considered as being at one end of the scale of Nature’s marvels,
‘while at the other end are the natural monuments within the Colorade
National Monument, near Grand Junction. These. are a series of
enormous and unusual monoliths not duplicated .elsewhere. Some
of them rise to a height of 400 feet or more, from bases ranging from
75 to 100 feet in diameter. There are more than a score of these
enormous monoliths and any number of smaller ones, besides multi-
tudes of queer freaks of nature.

Lakes.—Hundreds of lakes, ranging from tiny pools of water nest-
ling under the beetling crags of the loftier mountains to lakes several
hundred acres in extent are scattered through the basin. .The largest
and deepest is Grand Lake, which has an area of 530. acres, and: lies
-just outside the Rocky Mountain National Park. Upon it the
‘Grand Lake Yacht Club annually competes for the Lipton eup, given
by Sir Thomas Lipton some years ago. As the altitude of Grand
Lake is 8,360 feet, it is the highest course in the world for yacht
races. A lake in the oddest setting is the celebrated Hanging Lake;
it is situated in a niche in the canyon walls of the Colorado 1,200 feet
above the river and 12 miles from Glenwood Springs. On Grand
Mesa are hundreds of small lakes, many of which are used as reservoirs
for irrigation in the valleys below (p. 63).

Flora and fauna.—Even at the highest altitudes gorgeously colored
wild flowers grow in profusion in sheltered gorges. Large and beauti-
ful blue and white columbines (Aquilegia coerulea, the State flower of
Colorado) are found in the lee of protecting snow banks. More than
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300 distinct species of flowering plants have been collected within
the basin, and doubtless many more await discovery and identifica-
tion.

- The loftier peaks of the region are the natural home of the cele-
brated Rocky Mountain sheep or bighorn. They are much larger and
more agile than domestic sheep and when fleeing from enemies make
remarkable descents down seemingly impassable slopes. They are
more agile even than the celebrated chamois of the Swiss Alps and
are larger, more powerful, and much handsomer. In the south-
western part of the basin, in the vicinity of Quray, the winter snows
are so heavy that the mountain sheep are forced to descend to the
* valleys, and for the past 15 years the hospitable citizens of Quray have
provided hay and salt on the outskirts of the town for these annual
guests.

In addition to the mountain sheep beavers are found along the
many streams at middle altitudes, elk inhabit a few places, and deer
are widely distributed and at places fairly common. Coyotes are
occasionally seen, and a few brown or black bear inhabit the wilder parts
of the basin; but these—like the mountain lion, bobeat, and smaller
carnivorous animals—are not only rare, but so shy and wary that
they are seldom seen. Since 1923 the State of Colorado has created
game reserves in several parts of the basin, for the better protection of
birds and animals and for the establishment of breeding places. To
these reserves is attributed the increase in game during the last few
years, as elk and deer, especially, have quickly leamed to take advan-
tage of the protection thus afforded.

Excellent fishing may be had in nearly all the streams and lakes at
the higher altitudes, as these are stocked each year with eastern
brook, native, and rainbow trout.

Resort centers.—Although the entire region msy be considered one
vast summer resort, ideally suited to camping, fishing, and hiking, with
excellent highways leading in sll directions, the chief centers of the va-
cation seeker are Grand Lake, Glenwood Springs, Gunnison, and Ouray.
Grand Lake, as its name implies, is situated on the shores of Grand
Lake. Glenwood Springs, nestling in the narrow valley of the Colo-
rado at the mouth of the Roaring Fork, is almost surrounded by
mountains and is noted for its hot springs, vapor caves, and large
open-air swimming pool. It also contains one of the largest summer
hotels in Colorado. Gunnison, situated in the Gunnison Valley,
which is here several miles wide, is the center of a region noted for
its fishing. QOuray, at the upper end of the Uncompahgre Valley,
lies at the base of the San Juan Mountains, “set in a titanic bowl
lined with red granite, seemingly surrounded by 13,000-foot-walls of
the great amphitheater.”” One of the attractions near Ouray, of
which there are many, is Box Canyon, half a mile long, from 30 to 60
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feet wide and more than 300 feet deep. It is filled with the roar of
Canyon Creek Falls, which have a sheer drop of 150 feet at the
lower end of the gorge.

The Rocky Mountains are thought of chiefly as a summer vacation
land, but they make their appeal in all seasons. In autumn the leaf
coloring is remarkably beautiful. The aspens start to turn early in
September, and from that time until the middle of October the
mountain sides are streaming in golden colors interspersed with. the
dark green of the conifers, presenting the effect of an enormous Per-
sian rug. 'The winter sports include snowshoeing, and skiing, courses
for skiing being available near Grand Lake, Hot Sulphur Springs, and
Dillon. In the spring the snow line may be seen climbing steadily
up the mountain slopes, and birds and early flowers appear in the
valleys while winter still reigns in the higher mountains. :

CLIMATE
DISTINCTIVE FEATURES

The most distinctive climatic feature of the upper Colorado River
Basin, especially in its lower valleys, is the comparative uniformity
of the weather from day to day. This is due to the high mountains
that surround the basin on three sides and deflect the course of low-
pressure conditions. A storm approaching from the west will usually
cross the Continental Divide either to the north or to the south of
Colorado, where the height of the mountains is less, and consequently
the sudden changes that attend the passing of a low center are rarely
experienced. Severe cold waves, such as are so common on the east-
ern plains, are comparatively rare here. There is, on the contrary, a
tendency for a stationary atea of high pressure to form over the basin
in winter and remain for days and even weeks. When one of these
‘high-pressure areas controls the weather the sky is clear, the day
temperatures are moderately high and remarkably uniform, and the
nights are cold but seldom excessively cold except when the ground
is covered with snow and where the air drainage is poor.® The effect
of these conditions is remarkably shown by the records on pages 24-25.
The lowest monthly temperatures are recorded at Gunnison, at an
altitude of 7,680 feet. These low temperatures are probably due to
the lack of air drainage, as the wind movement in that region is very
slight during- the-winter. The records for eight stations at higher
altitudes than Gunnison all show considerably higher minimum tem-
peratures. At Fraser, at an altitude of 8,670 feet, although the mini-
mum temperatures do not equal those at Gunnison, they are among
the lowest and show an average growing season of only 13 days
between killing frosts. At this station the presence of snow on the
ground is as much a factor as the slight wind movement.

§ Abstracted from Bummary of climatological data, U. S. Weather Bureau.
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At the lower levels the wind movement is light and is commonly of
the mountain and valley type. The wind blows toward the moun-
tains from the middle of the forenoon until late in the afternoon and
in some localities attains considerable velocity. After sunset the
wind subsides, and early in the night a light breeze springs up from
the mountains toward the lower levels. At the summits of the
mountains the winds are generally from the west, and during the
winter and spring are frequently very strong.

TEMPERATURE

The wide range of altitude in the upper Colorado River Basin
causes a correspondingly wide range in temperature, as shown by the
following tables. All the stations listed in these tables are in Colo-
rado except Moab, Utah.

Mean monthly temperatures (°F.) ¥n upper Colorado River Basin
Exclusive of Gunnison and Dolores Rivers

L
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Ashcroft Pitkin 9,500 18| 19| 25| 34| 42| 51| 65| 55 48 88 20) 19
Fraseleeeenmaceacaecen Grand. e eeee $,870| 11 14) 21 39| 48| 53| 50| 45 34 12
Marble QGunnison 7,050{ 22| 22| 382 38 47| 56/ 60| 59 &5 43| 331 19
Eagle.. Eagle 6,500 21| 24 36| 42 48 62 55 43 33 18
Collbran Mesa. 6,000 23| 28| 37 45/ B4 68| 67| 59/ 48| 36| 24
Grand Valley. Garfleld 51101 24| 30; 39| 49| 57| 73 71 62 37| 25
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Montrose..eceeee---- Montrose. caueeveun 5,800 24 31 491 58 65 68 61 49| 37| 26
Paonia Delta. 5,680, 26| 32 40! 48 67| 65/ 71 69 62| 50{ 40, 27
Delta.. do 4,070, 25| 82| 41 50| 68| 74| 72 50 39; 26
Dolores River Basin
|
Dolores. eeenacannnn-, Montezuma......... 6,960/ 26| 30 37| 52/ 62( 68 86 58 48 37} 30
Telluride.meaceenenns.| San Miguel......... 6,750, 21} 24/ 28! 3 54 59 57| 51 41 23
I
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Mean monthly mazimum and minimum temperatures (°F.) in upper Colorade
River Basin

Exclusive of Gunnison and Dolores Rivers

L .
E 3

B .

Station County =3 E 8 %
=15 g B8

< = = Z A

20 53 411 30

1 25| 100 0

30 57 42| 28

4 27 12l 5

27 55| 40| 26

—4 22 7| -5

36 47 34

7 324 17 4

{ 36 64 51 34

6 39] 16 3

{ 35 68 50/ 436

11 38| 23 12

Grand Valley. Garfield 5, 110{ ?ﬁl Zo 22 g
Grand Junction......| MeS8.ueenmraaacanann 3’2 o %
Moab Grand % 27| g

Gunnison River Basin
Whiteplae. .........| Guanison........... I
Crested Butte.oeeooa|oaeen [+ [ . b 19| .fﬁ
Lake City._: Hinsdale 5 8
8apinero (near) Gunnison gg gg 2?5
Gunnison - do. 32 g%' ':“é
Cedaredge Delta oo it
Montrose. . ce.coo.o-.| Montrose. .oecee-.. Z’ % ﬁ
Paonia, Delta. 47; 35| ?g
Data do..... o I
Dolores River Basin

4| 43 53 7] 82l 76| o4 46

Dolores. . e eoeeenann Montezuma......... 6.900{ g ;g ﬁ g 2(5) % % 473 %ls %é g ;g
T Sen Mignel..........| 67500 3% %8 13 2 £ T ad 2 10 8

Not only is there a wide-variation in monthly temperature through-
out the basin, the mean maximum ranging from 70° at Whitepine to
95° at Moab, and the mean minimum from — 9° at Gunnison to 17° at
Moab, but there is an even greater diurnal variation at each station.
This diurnal variation ranges from 25° to 40° throughout the year
and is practically the same for all stations, being from 25° to 30°
during the winter and from 30° to 40° during the summer. This
variation is due to the high altitude, absence of clouds, and low
relative humidity, which eause the sun’s rays to have a greater heating
effect during the day time than in more humid regions at lower
altitudes. At night the radiation from the earth and the lowest
stratum of air is also greater, causing a greater drop in temperature.
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The maximum temperature recorded in the basin was 109°, at Delta,
and the minimum —47°, at Gunnison.

The wide variation in temperature causes a correspondingly wide
variation in the growing season throughout the basin, which is indi-
cated in the following table:

Average periods between killing frosts in upper Colorado River Basin
Exclusive of Gunnison and Dolores Rivets

Date of earliest | Aver-
Date of last killing Kiflin;
g frost in age
Nl;]:rn. frost in spring sutumn num-
Alti- | of d
Station County tude | years °'g§‘_“
(feet) | of tween
ooy | Average | Latest | Average | Earllest | lcill-
ing
frosts
Breckenridge Summit, 9, 530 20 | July 15| July 31 | Aug. 1| Aug. 1 35
Asheroft . Pitkin 9, 500 20 | June 28 | July 28 | Sept. 1| Aug. 1 65
Nast do 9,060 11 | June 23 | July 12 | Sept. 8 | Aug. 18 77
Fraser--.——cococee.--| Grande......._.._| 8,670 12 | July 25| July 31 | Aug. 7| Aug. 1 13
Blue Valley Ranch._|..__. A0 8,000 6 | June 13 | June 29 | Sept. 2 | Aug. 13 81
Marble. Gunnison 7,950 9 | June 15| June 27 | Sept. 7 | Aug. 7 84
Eagle.. Eagle.. 6, 590 6 | June 11 | June 29 | Sept. 4 | Aug. 22 85
Collbran............ MeSomecaa. 6,000 23 | May 19 | July 3 | Sept. 29 | Sept. 12 133
................. Garfield-.c-.......| 5, 13 { May 10 | June 19 | Oct. 3 | Sept. 15 146
Grand Valley. do. 5,110 20 | May 3 | May 27 | Sept. 29 | Sept. 11 149
o Mesa 4,73 9 | May 4| May 26 | Oct. 11 | Sept. 15 160
Grand Junction.._._|-.... [ 1 S, 4,570 31 | Apr. 19 | May 14 | Oct. 20.| Sept. 14
08l Grand 4, 28 | Apr. 26 | June 17 | Oct. 4 | Sept. 12 161
Gunnison River Basin
‘Whitepine. - .c...... Gunnison......... 10, 000 8| July 2] July 9| Sept. 4 ) Aug. 22 64
Crested Butte do. 8,870 12 { July 17 | July 31 | Aug. 15 | Aug. 1 29
Lake City...........| Hinsdale.......... 10 | June 11 | June 24 | Sept. 17 | Sept. 6 67
pinero Gunnison 8, 120 18 | June 14| July 5 | Sept. 15| Sept. 6 o1
unnison do. -| 7,680 20 | June 25 | July 28 | Sept. 2| Aug 89
Delta.. 6,180 21 | May 16 | June 5 | Sept. 28 | Sept. 10 121
Montrose. ac-veeeana. Montrose..........| 5800 30 | May 9| June 8| Oct. Sept. 14 145
onia Delta._ , 680 18 | May 8| Jume 2| Oct. 13 | Sept. 21 157
Delta do.... 4,970 28 | May 11 | June 3 | Sept. 28 | Sept. 11 140
Dolores River Basin
Dolores. Montezuma. -| 6,960 8 | May 24 | June 5| Oct. 1| Sept. 21 132
Telluride.eec cau....- San Miguel.._..._ 8, 750 15 | June 24 | July 27 | Sept. 5 | Aug. 17 73
PRECIPITATION

For the high mountain areas, the region of greatest precipitation,
few records are available; and it is necessary to augment these with
estimates of precipitation based on the many records of measured
run-off of the mountain streams, to which have been added the losses
due to transpiration and evaporation from vegetation and the per-
colation that does not reenter the streams.

- In preparing the rainfall map (pl. 1) all available precipitation
records of the Weather Bureau were utilized. The snow-scale read-
ings were expanded to full-year records by comparison of monthly
percentages with records at near-by precipitation stations. In addi-
tion -each run-off record of a mountainous area was used by adding
to the mean run-off expressed in depth in inches a quantity repre-,
senting annual losses between precipitation and run-off. This
quantity, which was taken as 15 inches, was based on extensive.
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experiments carried on. by the Forest Service and the Weather Bureau
at the Wagonwheel Gap experiment station’ and was roughly
checked by the writer through a comparison of measured precipitation
and run-off in the Pikes Peak region. It is obvious that for plains
areas where the annual precipitation is 15 inches or less the constant
loss of 15 inches does not apply. For these areas there is no-definite
relation between precipitation and run-off, the run-off depending
wholly upon the intensity of the precipitation.

Each drainage basin for which run-off records are available was
analyzed by percentages between each 1,000-foot contour. The
results of these analyses and the mean a.nnual precipitation are
given in the following table.

Analyses of drainage basins and mean precipitation in upper Colorado River Basin

Per cent of drainage area between 1,000-foot M Mean
Drain- contours anas; | annual
. precipi-
: age mn-oﬂ
Station area (depth tation
+ - |Gauaro| Below | 9,000 | 10,000 | 11,000- | 12,000- | Above | in | ¢donh
9,000 | 10,000 | 11,000 | 13,000 | 13,000 | 13,000 | inches) it

COLORADO RIVER BASIN

ABOVE GUNNISON RIVER
Colorado River near Grand

...................... 101 18 28 33 20.4 0.6 0.0 21 36
Grand Lake Outlet..._...._. 79 9 19 33 31 7.9 .1 22 37
Narth Inlet to Grand Lake.. 47 5 23 36 28 7.8 2 25 40
Frager River near West Por-

tal. 28 0 10 69 21 N 23 38
Williams River near Scholl __ 141 20 26| 31 19 4 .0 17 82
Blue River at Dillon.._.._..__ 129 2 27 28 31 12 [] 14 29
Tenmile Creek at Dillon..__. 109 2 34 23 35 5 1 19 E
Esgle River at Redeliff..___. 74 24 42 28 [ 0 13 28
Turkey Creek at Redcliff___. 27 5 57| 30 8 1] 0 13 28
Homestake Creek near Red-

cliff 4. 2 16 35 11 1 22 27
Roaring Fork at Aspen...... 109 5 15 34 28 15 3 24 39
Maroon Creek near Aspen... 42 5 16 36 22 19 2 29 44
Castle Creek near Aspen..__. 62 2 16 25 39 16.5 L5 23 a8
Fryingpan Creek at Thomas—

ij}:‘; Fok o 175 7 23 31 28 9 2 21 36

or ork of Fryingpan .

Creek near Norﬂe.f%?._._ 42 3 26 31 34 6 0 20 35
Crystal River at Marble_._.. 77 5 17 26 26 23 3 4 59
Snowmass Creek at Snow- '

95 40 15 17 17 10.4 .6 18 33
Plateau Creek near Collbran. 8| - 24 47 28.8 2 0 0 19 34

GUNNISON RIVER BASIN .
Tomichi Creek at Sargents. . 165 3 35 33 25 4 1] 6 21

Quartz Creek at Pitkin______ 66 1 27 40 28 4 1] 11 26
Laiwo Creek at Sapinero._ . 113 43 37 18 2 0 0 10 25

e Fork at outlet of Lake

Cristobal 102 1 7 22 20 35 [} 17 32

44 6 6 22 38 26 2 28 43

76 5 7 22 34 28 4 30 45

26 5 9 17 34 28 7 33 48

55 44 267 30 0 0 0 19 84

200 33 22| 30 9 8 0 10 25,

gm Creek near Muhei; . 26 22 63 15 0 [4 o 19 B4

water ...................... 55 21 ki 0 ] 1] (] 13 28
_ DOLORES RIVER BASIN
San Mlznel River near Fall -

Oreek. - ooeeeeococeeeees 172 19 27| o 14 1 5 u ‘®

T Bates, C. G., and Henry, A.J., Stream-flow experiment at Wagonwheel Gap. Oolo.. Monthly, w«u
Rev., Sappl. ’I‘I p. 42, 1922,
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The mean precipitation for a drainage basin having been determined,
computations of precipitation between each pair of 1,000-foot con-
tours were made. For this purpose a precipitation record was usually
available near the lower end of the basin and one or more expanded
snow-scale records at higher points. In the computations the
precipitation was increased with altitude in such a way that the sum
of the products of precipitation at the mid-points between contours
multiplied by the percentages of the total area lying between the
corresponding ., contours approximately equaled the mean precipi-
tation. , .

The computations for the drainage basin of the Roaring Fork above
Aspen may be given as an illustration. As the mean annual precipi-
tation at Aspen (altitude, 8,000 feet) is 18 inches, and as the snow-
scale readings at an altitude of 10,000 feet indicate a mean annual
precipitation of 30 inches, the following computations were made:

Computalion of precipitation in basin of Roaring Fork above Aspen

P t i ?d Product
er vent | precipi- | Produc!
Altitude (feet) of area tation | (inches)
(inches)
13,000~14,000. : . 0.03 60 1.80
12,000-13,000. .15 55 8.25
11,000-12,000, .28 45 12. 60
10,000-11,000. .34 35 11.90
9,000-10,000 .15 25( 37
Below 9,000. .05 18 .90
1.00 39.20

The assumed figures for precipitation were then plotted on the top-
ographic map at altitudes midway between the corresponding 1,000
foot contours, and lines were drawn to connect points of equal pre-
cipitation for each 10-inch difference. Below 20 inches, an interval
of 5 inches was used. At the lower altitudes, where stations are
maintained, the lines of equal precipitation were based directly on
the precipitation records.

The mean annual precipitation ranges from 10 inches in the shel-
tered valleys to 50 inches or more at the higher altitudes of some
mountain areas. In general, the areas of highest precipitation are
not on the Continental Divide, but on those mountain masses that
form the western edge of the Rocky Mountain system, such. as the
high divide between the Colorado and White Rivers east of Meeker,
the Elk Mountains west of Aspen, and the San Juan Mountains in.
the southwest corner of the basin. Along the Continental Divide
the only area having an annual precipitation of 50 inches is a narrow
strip near Corona, at the head of the Fraser River. The relatively
smaller precipitation along the Continental Divide is due not so
miuch to Iower altitude as it is to the fact that the mountain masses
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farther west intercept the storms from the Pacific and receive the
greater part of their moisture. The area of lowest precipitation com-
prises the lower parts of the Uncompahgre and Gunnison Valleys,
reaching from Montrose to & paint between Grand Jumction snd
Fruita. Within this area Delta has a 36-year mean of 7.84 inches
and Grand Junection & 32-year mean of 8.30 inches. The valley of
the Colorado from the Green River to the Roaring Fork and from
State Bridge to the east end of Middle Park has an anawal precipi~
tation of less than 15 inches. Other areas having similar precipi--

Inche
T el
20 5 -+ H
YN
A H Il HH L% r‘ aka\\ L\\/\/\-L e
H ¥ N 1 1
-t | L J i _. L] L
0 L} [Mean I573m:T$___,__‘L
srand Junction| 1
vof z . us 2
5 A | A N A o
4 e h iy 1 » \/“”
i [tMean 830inch
0
-1 | M. RCO!
H
20t i // ML |
Mean 17.90 inches. |
min o
» -
10} worgn -
gm °°°g§ gg
L hTTTTTTTTnnununluulun“u’
[s 5]
§ b= -3 > gnnwmmomnmég-ﬂmmﬁaggw‘

 ANNUAL PRECIPITATION 5 YEAR PROGRESSIVE MEANS
Frevre 1.—Variatien in annual precipitation.at Moeker, Grand Junction, and Mancos, Colo,

tation are the Gunnison Valley from Sargent to Iola, the Blue River
. Valley below Dillon, the lower Eagle River Valley, and the lower
end of the Dolores River Basin in San Miguel and Montrose Counties.
The longest precipitation records in or adjacent to the basin are
those obtained at points in the western part, there baing none in the
upper part of the basin comparable to these in length. To show the
annual variation of precipitation records at Meeker, Grand Junction,
and Mancos have been used, and for each station the yearly means
and progressive 5-year means have been plotted. (See fig. 1.) The
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resulting graphs show that the precipitation in the period from about
1898 to 1905 was the lowest recorded, the lowest -5-year mean at
Meeker being 84 per cent of the 33-year mean, at Grand Junction 76
per cent of the 35-year mean, and at Mancos 70 per cent of the 21-
year mean. These percentsges indicate that the deficiency in
precipitation during that period was more acute in the southern part
of the basin than in the northern part. It appears probable that the
precipitation for the period 1898 to 1905 was also low throughout the
upper basin, although records to prove this inference are lacking.
A study of the variation in annual run-off of streams in the Colorado
River Basin ® shows that the streams rising in the central mountain
region have a smaller annual variation than those rising on the
western edge, and this fact indicates that the annual variation in
precipitation is correspondingly less,

The seasonal distribution of precipitation is fairly uniform. From
40 to 50 per cent occurs from December to April, and from 30 to 35
per cent during the irrigation months, June to September. The
winter precipitation is in the form of snow, which constitutes the
great natural reservoir for stream flow during the summer. The
summer rainfall takes the form of showers, occurring usually in the
afternoon and frequently accompanied by electrical disturbances.
In the western foothill region—particularly in the upper Uncom-
pahgre River Valley and on the slopes of the Uncompahgre Plateau,
Grand Mesa, Grand Hogback, and Book Cliffis—the showers occa-
gionally reach “cloudburst’’ intensity.

EVAPORATION
AVAILABLE RECORDS

Records of evaporation are available for 19 points in and adjacent
to the Colorado River Basin, and records have been computed for
Lander, Wyo., adjacent to the upper Green River Basin. The former
represent evaporation measured in pans of different sizes either set in
the ground, resting on top of it, or floating in ponds and reservoirs.
None of these records represent directly the evaporation to be
expected from a reservoir surface; each has to be corrected by an
amount depending upon the type of pan. So far as the writer knows,
the only comprehensive experiments carried on to determine the
proper reduction factors for pans of various diameters, depths, and

8 Follansbee, Robert, Variation in annual run-off in the Rocky Mountain region: U. 8. Geol. SBurvey
‘Water-Supply Paper 520, pp. 1-14, 1923,
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immediate surroundings were those made by the Office of Public
Roads and Rural Engineering in Denver during 1915 and 1916.° In
this investigation evaporation was measured simultaneously in pans of
the varying dimensjons and surroundings most commonly used. In
addition, measurements of evaporation in a 12-foot pan were made,
as these were considered to represent closely the evaporation from a
reservoir surface. Although the investigation lasted only from
November, 1915, to November, 1916, it was carefully made and
determined the relative effect of the different. pans under conditions
existing at the open air laboratory in Denver. The comparison
between a class A Weather Bureau pan 4 feet in diameter and the
12-foot pan has been checked by observations made by the United
States Geological Survey in the Escalante Valley, near Milford, Utah,
since the summer of 1925,

By means of the coefficients determined. durmg the Denver inves-
tigation, the records in and adjacent to the Colorado River Basin
have been reduced to reservoir equivalents. The mean monthly
equivalents for each station, together with observed temperatures
and wind velocities, so far asavailable, are also presented in the following
table. The records of temperature and wind velocity, except for
Farmington, which were based on Weather Bureau records at Albu-
querque, were taken close to the evaporation pan, the anemométer
being only a foot or two above the ground. They are not directly
comparable with records at regular Weather Bureau stations, which
are usually taken on the tops of buildings from 35 to 60 feet above
the ground. Temperatures at the higher positions do not differ
widely from those near the ground, but comparisons of wind velocity
show wide variations between the two positions. (See table on
p. 39.) The reservoir equivalents represent gross quantities from
which precipitation has not been deducted. For example, if the
water surface in the pan shows no change since the last visit, and the
rain gage shows precipitation amounting to 0.5 inch, it is evident
that the evaporation has just equaled the precipitation, and in that
case it is recorded as 0.5 inch. Practically no reecords of relative
humidity that are applicable to the atmosphere directly above the
water surface of the pans are available, those published by the
Weather Bureau being taken at regular stations, usually located on
the tops of buildings. The figures in parentheses are estimated.

% Jour, Agr. Research, vol. 10, pp. 209-242, 1917,
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Mean monthly reserveir equivalents for evaporeiion stalioms in and adjacent lo
Colorado Rwer Basin

‘Wagornwheel Gap, Colo. (1920-1924) ¢

Reservoir equiv-
e | oy |
‘envper-
Month aéturec !g.)f) {miles 7
P per ]
hour) | Inches |Xercent
January. 15 L7 (0. 85) 3.9
TURYY ... 18 1.8 {77 35
Maren.. 22 2.2 1. 21) 56
Apnil..... 20 2.4 !.95; 0.0
™ 42 2.6 2.83 13.0
Jane. 53 2.6 3.36 154
Julp.. 55 2.2 3.04 4.0
Angust.. ... 52 18 2.36 .8
September.. 46 L7 2.10 9.8
October. 35 L7 1.35 6.2
November........ 24 L5 (1.17) 54
December. 17 1.4 7 3.6
Anrnual ko 2.0 .77 180
Prove, Utah (1908-1916, 1918-1926) »
January. 27 SL 0. (. 68; 2,4
February... 33 1.2 (.77 27
Martch 40 L8 2.40 8.4
April_. 46 1.9 2.4 0.9
ay 57 L5 3.74 13.1
June, 85 L0 4.20 14.5
July.... 72 .9 4.46 15.5
August___._ 69 .0 8.95 13.3
September. 61 .9 2.75 9.6
49 .9 1.62 5.6
Noyember .- 38 .7 .83 2.9
Debember. 20 9 (. 60) 21
Annual 49 L2 28.84 108
Lander, Wyo.
January. 20 3.4 0. 52 L6
February... 22 8.4 .62 2.6
March 28 4.8 112 3.5
April.___. 41 52 2,28 7.2
May 51 5.1 3.21 10.1
June. 59 4.7 4.72 14. 8-
July.... 66 4.2 6.13 19.3
August. ... 85 3.9 571 17.9
September. 56 4.4 3.97 12.5
tob 44 3.4 1.97 6.8
November. 32 8.7 107 3.4
December. 20 3.2 .48 L&
Annual... ! 42 41| sL80| 100

- Unpublished records furnished through courtesy of Weather Bureau and Forest Service.
$ Reocords by U. 8. Bureau of Realamation.

Wagonwheel Gap: Mean of records for two class A Weather Bureau stations on near-by slopes, one
having a northern-exposure and the other a southern exposurs (coefficient, 0.66).

Provo: On vacant rity lot fully exposed. From 1908 to 19186, records taken 3 feet square and 17
i(nchgcide?osgg)in ground; coefficient taken as 0.78. Class A Weather Bureau szaﬁons installed in 1018
coefficien

Lander: Records computed by Dalton-Meyer formula; desm*igtion of computations given in Follansbee,
Robéeg furfwel gvggters of Wyoming and their utilization: Geol. Swrvey Water-Supply Paper 469,
PD. 323 ot seq.,
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Mean monthly reservoir eguivalents for evaporation siations in and adjacent to
Colorado River Basin—Continued :

Myton, Utah (1918-1926) *

Reservoir equiv.
Wind alenfq
Temper- | velocity
Month :itu(geF o§ (miles

r . per .
hour) | Inches gmg;l
January. 14 3 1) (0. 43) L1
February... 2 53. 6) (. 65) L6
March 36 4.3 (1.68) 4.2
April 46 41 4,14 10.4
May 57 3.4 .92 .8
June. 66 2.9 6.94 17.0
July.. 72 2.4 8,42 16.4
August... 70 2.4 5.55 13.9
Septem!| 61 2.6 4,25 10.4
ber. 48 2.5 2.48 8.2
November 34 2.1 (1. 20) 3.0
b 20 (1.6 (.40) L0

Annual. 46 3.0 39.86 100

Utah Lake outlet, Utah (1501-1986, 1923-1927) ¢

January. 26 (3.0) (0. 90) 22
February 31 (4.5) (1.10) 2.6
March 39 6.4 1.88 4.5
April 5.5 3,42 8.2
May - 56 6.4 5.30 12.6
June 5.0 8.57 15.8
July. 72 4,0 7.08 16.9
August. 69 4,4 6,10 4.5
SBeptember 60 4.4 4,82 1L 5
QOctober 3.8 2.80 8.7
November. 40 3.4 1.10 26
27 3.3 (.80) L9

Annual 49 4.5 41.85 100

Santa Fe, N. Mex. (1913-1914, 1916-1627) ¢

January. 30 2.7 1.09 2.5
February. 34 31 152 3.4
March 38 3.5 2.73 6.2
April 46 3.7 4.18 9.5
May . 56 3.4 5.07 13,5
Juns 66 2.9 6.80 18.5
July. 69 2.0 5.84 13.2
August, 66 L7 5.23 1.8
September. 61 1.8 4,41 10,0
October - 50 2.2 3.35 7.8
November. 40 2.5 L97 4.5
ecamber 30 2.5 1.01 2.3

Annual 49 2.7 44,20 1060

¢ Records by U. 8. Indian Service.
¢ Records by water commissioner.
¢ Records by U. S. Weather Burean

Myton: Class A Weather Bureau station (coefficient, 0.66).

_Utah Lake outlet: From 1801 to 1906, records taken by pan 3 feet in diameter and 3 feet deep sunk 3 feet
in ground & 'few feet Trom shore of Utah Lake at pum plant 5 miles southwest of Lehi ( cient, 0.80).
goemmnch gt 182636) lass A Weather Bureau station onisland in Jordan River 300 feet north of lake shore

nt, 0.66).

Santa Fe: Records 1913-1914 taken by floating pan in reservoir 1 mile west of city (coefficient, 0.91).
Class A Weather Bureau station established in open space on edge of city in 1916 (coefficient, 0.66).

46013—29—4
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Mean monthly reservoir eguivalenis for evaporation stations in and adjacent to
Colorado River Basin—Continued

Farmington, N. Mex, (1915-1927) /
. R Reservoir .
Wind alentequiv
Temper- | velocity
Month :irm(m°F°§ (miles
. per

hour) | Inches | Fercent
January. c—— 0.74 1.6
February... ———] 1.39 3.0
March. 3.06 8.5
April 4,84 10,4
MY e ecm e mem e m et A e mma e ——a 6.38 13,7
June.. , 6.96 15.0
July. 7.17 15.4
X1 1) £ 1 A 5.62 12.1
September._._..__.. 4,38 9.4
OO ODOT - oot ceeeema e —————— 3.26 7.0
NOVEMDOT -« e eeeecac e mc e mm e cmmm e 1.80 3.9
December. oo o emeae e —mm -] .96 2.0

ANNUBLL ¢ 3. 30 P 46. 85 100

Piute Dam, Utah (1918-1927) ¢

January 3.4) EO. 94) 2.0
February... ——— 32 (3.5) L osg 2.2
E:3 (0« I - 37 3.8) (1. 79 3.8
April - 3.9 4,84 10.4
MY e e m e ——————————— 56 3.5 6.12 13.0
June. e m e e cmcaeemeeemcammcmeeemmemmemcememeaaaan~ 65 3.24 7.72 16.8
July. 71 2.7 7.03 15,2
A B e e e de e ceammaecccmcac e mamammeomea—eemem—aae 2.7 6.31 13.5
September. . cemaae 3.0 5. 25 .1
(0701717 11 IR - 48 2.9 3.40 7.2
November.... : 37 2.8 1.40 3.1
December - e ——m———— b1d (3.0 (. 80) L7

Annual. .. . 48 3.2 46, 63 100

Nephi, Utah (1908-1927)¢

January. (25) 3.0 (0. 60 .2
FeDIUaTY - o o e ca—ema 530) (3.8) (1. 10 23
P25 « U 37) (4. 5) (2 00] 4,1
April - 45 4.3 3. 50 7.4
May. 54 4,2 5.78 12.0
June...... 64 4.0 7.87 16.3
July... 72 3.6 8. 51 17.8
August__... 70 3.5 7.95 16.4
September. 80 3.6 5,64 L7
October. 50 3.7 3.11 6.4
November. é«m) g& 3y (L0 31
December. 25) 3.2) (. 75) L5

Annual.. 48 3.7 48,87 100

-4 Records by water commissioner.
7 Records by State engineer.
¢ Records by Experiment Station.

Farmington: Floating pan on slough near city (coefficient, 0.91).

Piute Dam: Class A Weather Bureau station in Sevier River bottom 8 miles south of Marysvale (coel-
ficient, 0.66). Piute Reservoir 500 feet south, and Sevier River 200 feet southeast.

Nephi: Circular pan 6 feet in diameter ané 2 feet deep sunk 18 inches in ground at cooperative experis
ment station, 5 miles south of Nephi (coeflicient, 0.90).
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Mean monthly reservoir ﬁvalents for evaporation stations in and adjacent to
Colorado River Basin—Continued

Mesa Experiment Farm, Ariz. (1917-1927)r

f eservoir equiv-
. Wind B aloenn:q v
' Temper- | velocity
. Month a,tu(x;aFog (miles
. : ' alr CF. per Per cent

hour) Inches | annaal
January. 19 L6 1.85 3.7
February... e mmm—m——————————————— ——————— 54 1.9 2.36 4,7
March 57 1.9 3.7 7.3
April - 63 2.0 4.97 9.9
May. 72 1.8 6.70 13.3
June. 82 1.6 7.33 4.4
July.___ 87 L5 6.99 13.9
August 84 1.1 5.46 10.8
September. 78 .9 4,13 - 8.2
October .9 3.07 6.1
November. eam 57 L3 2.18 4.3
8173411 1T 50 L6 1.7 3.4

Annual. ... 66 L5 50,45 100

Yuma evaporation, Ariz. (1917-1927)3

January. . 51 1.3 2.10 4.0
February... 56 1.5 2.76 5.2
March L7 3.98 7.5
April 65 1.8 5.02 9.5
May 71 1.2 5.80 10.9
June 80 1.0 6.23 1.7
July. 87 1.2 7.03 13.4
August. 86 14 6.82 12.9
September_ 80 12 5.38 10.2
Qetob 68 L0 3.68 6.9
November. - 68 L0 2.33 4.4
Decem!| - 52 1.2 1,83 3.4

Annual. 68 L3 52,96 100

Roosevelt Dam, Ariz. (1916-1927)%

oy 8 1 i B

'ebruary . . 3
March. 58 1.8 3.47 6.3
April 64 L8 4,79 8.7
May - 74 1.8 6.89 12,6
June. 84 17 8.23 15.0
July 87 2.0 8,07 14.7
August - 86 L7 6,90 12,5
September. 80 1.4 5.70 10.3
October. 69 1.2 3.71 6.7
November. . 58 1.1 2.27 4.1
a0 14 1T SN 49 1.3 1.42 2.6

Annual.... 16 55.11 100

¢ Records by Experiment Station.

» Records by University of Arizona.

Mesa Experiment . Farm: Class A Weather Bureau station in alfalfa fleld, 1 mile west of Mess, in Salt
River Valley (coefiicient, 0.66).

Yuma svaporation: Class A" Weather Burean station in center of alfalfa field, 1 mile west of city (coe*
ficlent, 0.66). Colorado River 1 mile north of station.

Roosevelt Dam: Class A Weather B u station 1 mile east of dam and south of reservoir on steep,
gravelly slope, having little or no vegetation (coefficient, 0.66).



36 UPPER COLORADO RIVER AND ITS UTILIZATION

Mean monthly reservoir equivalents for evaperation siations in and adjaceni o
Colorado River Basin—Continued

Agricultural College, N. Mex, (1918-1927) »

Reservoir equiv-
Wind
Temper- | velocity alent
Month aaitruzgrog (miles
A per

hour) | Inches | Ferent,
January. 43 2.0 1.92 3.3
February 48 2.7 2.91 5.1
March 51 3.3 4.89 8.5
April 59 3.2 6.17 10.7
May 68 2.2 7.33 2.7
June 76 1.9 7.7% 13.4
July. 79 1.8 7.27 12.6
August % 1.3 6.31 10.9
September. i 1.4 5.07 8.8
Qctaober. 60 1.4 3.61 6.8
November. . 49 1.7 2,54 4.4
December. 40 1.8 1.64 2.8

Annual._ 60 2.1 57.67 100

Lees Ferry, Ariz. (1922-1927)¢

e AN R (.

‘ebruary. . . 3
Mazch. 50 2.9 3.89 $.6
*April _— 60 2.7 5.14 8.8
May 2 2.8 7.96 13.4
June._ 80 2.5 9.03 15.4
July. 86 2.3 9,10 15.5
August, 82 2.0 7.46 2.8
Dt 74 L9 5.83 9.9
October. 81 1.9 3.99 6.8
November. 48 1.6 . 191 3.2
December 37 1.8 1.32 2,2

Annual. 61 2.1 58. 69 100

Milford, Utah (1926-27) ¢

January.... 28 3.4) ?. 20; 2.0
February. . 38 3. 9; 1. 50, 2.5
March._ 41 4.4). 2.4 4.1
April 49 4.6 4.16 7.0
May 56 4.9 7.40 12.5
June_ 66 4.8 9.70 16.4
July. 72 4.2 9.27 15.6
August 70 4.8 8.86 15.0
September 62 5.2 7.10 12.0
October. 48 4.0 4.35 7.4
November. 42 gs. 4 (2.10) 3.6
Desember, 25 3. (1.10 1.9

Annual. 50 4.3 59,15 100

¢ Records by U. 8. Weather Bureau.
¢ Records by Experiment Station.
¢ Records by U. 8. Geological S8urvey.

Agricultural College: Class A Weather Buresu station on canﬁms near Las Cruces( coefficient, 0.66).

Lees Ferry: Class A Weather Bureau station in canyon of Colorado River 10 miles south of tah Jine
gaoeﬂment, 0.66). Walls of canyon 100 and 250 yards distant, river 400 to 600 feet wide and 140 feet distange

0m pan.

Milford: Class A Weather Bureau pan at Geological Survey expmjimental plant (coefficient ,0.66).
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Mean monihly reservoir equivalents for evaporation stations in and adjacent lo
Colorado River Basin—Continued

Willeox, Ariz. (1917-1921, 1923-1925, 1927)/

wing | RO
e Temper- | vl
Month - :&u{?ﬁ)g m ilesy
. per Per cent
hour) Inches of annual
J y 40 3.7 2.20 | 3.7
February. 44 3.9 3.13 5.2
ch. 48 4.3 4,98 8.3
April 54 4.6 6.78 1.3
May 63 3.5 7.77 12.8
June, 72 2.8 7.86 13.0
July. .76 2.5 6.79 1.3
August 74 2.0 5.74 9.8
September 69 2.1 5,10 8.6
Oetober. 58 2.2 4,28 7.1
November. . 48 2.8 3.18 5.3
Decem 41 3.7 2.18 3.6
‘Annual. _ o7 3.2| 60.99| 100
Deming, N. Mex. (1914-1927) ¢
o, 4 I
el
M‘"rgbary 53 5.21 8,8
ildpril_. 60 6. 54 10.8
Y- 66 7.38 12.2
June 70 7.74 12.8
July.. 73 6.03 10.0
August. 72 5.38 8.9
September 69 5.25 1. 8.7
October. 63 4,93 8.1
November._ 51 3.74 6.2
December 45 2.64 4.2
Annual. .. 59 60. 60 100
Elephant Butte Dam, N. Mex. (1916-1927) %
January...... 42 3.7 1.86 2.8
February.... 48 4.4 2.97 4.4
March. 52 6.2 5. %2 7.8
April___ 69 1 5.3 6.88 10.5
May 69 5.0 8.76 13,5
June. 9 4.6 9.21 14,2
July.... 79 3.9 8,07 12.3
August.... 78 3.3 7.04 10.7
September kel 3.6 5.91 9.1
October. 63 4.4 5. 05 .7
November. 81 3.6 2.7 4.1
December. 41 3.8 - 187 2.9
Annual 61 4.2 65.43 100

% Records by U. 8. Bureau of Reclamation.
¢ Records by State engineer.
7 Records by U. 8, Weather Bureau.

N

Willcox: Class A Weather Bureau station in alfalfa field 3 miles northwest of town in north-central
palr)t of Sulphur Sg%ng Valley, which has nearly level floor 9 miles wide (coefficient, 0.66).
3

ming: Float
Elephant Butte
on 75 feet above reservoir (coefficient, 0.66).

pan in pond of considerable size (coefficient, 0.91).
am: Class A Weather Bureau station 200 feet from reservoir, near east end of dam,
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Mean monthly reservoir equivalenis for evaporalion siaiions in and adjaceni to
Colorado River Bagin—Continued :

Yuma Reservoir, Ariz. (1908} §
Reservoir equiv-
‘Wind
Temper- | velocity alent
Month :itrufg Fp; (miles
. per
hour) | Inches Ofl’m
Fobraory 1o $| &2
e S 5

March. 4.80 6.4
April.__ 8.55 tO87
May 8.92 1.9
June, 9.82 12.4
July.._. 9.78 12.9
August..... 9.75 12.8
September.. 8.22 -10.9
October. 8.26 7.0
November. . 3.46 4.6
December...... 3.08 4.1

Annual. .. ——- 75.32 100

Yuma citrus, Ariz. (1921-1927)»

January._.... 54 1.7 2.73 3.4
February... 60 2.4 3.74 4.7
March 63 2.8 5.38 6.8
April..._. 68 3.1 6.95 8.8
May. 77 3.0 9.87 1.8
June 85 2.9 10.33 -18.1
July.oooo.oo 89 3.2 1L4 4.4
August...... 90 2.8 9.94 12.5
September- 85 2.3 7.83 9.9
October. 73 1.7 5.81 7.0
November. - 63 L6 3.53 4.5
b - 54 L8 2.45 3.1

Annual_ ... 72 2.6 79.20 100

4 Records by University of Arizona.
i Records by J. B. Lippincott, of Los Angeles.

Yuma Reservoir: Floating on railroad reservoir (coefficient, 0.91).
Yuma citrus: Class A Weather Bureau station on barren mesa 8 miles southwest of Yuma, and 100 feet
higher (coefficient, 0.66). .

A study of the foregoing table shows that at all the stations an
average of 50 per cent of the annual evaporation occurs in the four

months from June to September,. the extremes ranging from 59 per
cent at Myton, Utah, to 43 per cent at Willcox, Ariz.
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Mean annual reservoir equivalents of evaporation in and adjacent to Colorado River

Basin
[Arranged in order of magnitude]
Temperature of air Wind velocity
Reser- (°F.) (miles per hour) 4
. Number | voir A‘L%%'{,:
Pesen dfreeora | alent Rady Ny |malers
(inches) | Pan | Buregy | P82 | Burean
station station

‘Wagonwheel Gap, Colo—-...... 5 2.0 9,610
Provo, Utah.._ ... . 18 ) B I 4, 650
Lander, Wyo. 4.1 5,372
Myton, Utah...__.______ 9 300 |amcaaaeas 5,080
Utah Lake outlet, Utah. 11 I3 IR 4,497
Santa Fe, N. M 14 2.7 7.1 7,010
Farmington, N, Mex 13 - 5,300

Piute Dam, Ut 10 3.2 [eccanmanen 5,
Nophi, Utah._._.__ 2 EX 2 5119
y Ariz. oL 11 15 5.2 1,225
Yuma evaporation, Ariz. - 11 1.3 5.4 127
Roosevelt Dam, Arie_ ... .._... 12 1.6 52 2,175
Agrioultural College, N. M 9 2.1 .5 3,683
Lees Ferry, Ariz 6 25 B TR 3.140
Milford, Utah. . 2| 5915 |eeeeeee| B0 |eeeeeea.. 4.3 4,960
illeox, Ariz 9 3.2 4,190
Deming, N. M 13 4,300
Elephant Butte Dam, N. Mex_| 12 4.2 4,285
ums Reservoir, L A 1 3 MR RSN S, 127
Yuma citrus, Ariz....___._._... 7 79.20 72 72 . 3 R, 220

Norte.—Records of temperature and wind velocity at near-by Weather Bureau stations where available
are presented for the purpose of comparison with the records taken close to the evaporation pans.

FACTORS INFLUENCING RATE OF EVAPORATION

The rate of evaporation is governed by the difference between the
vapor pressure of the water surface and that of the air adjacent to it.
For any given temperature the difference in vapor pressureisdependent
upon the relative humidity or percentage of possible saturation of
the air. The greater the relative humidity the nearer to saturation
is the vapor in the air, the nearer its pressure approaches the vapor
pressure of the water surface, which is at the saturation piont, and
the less rapidly are the water particles given off into the air as evap-
oration. An increase in temperature decreases.the vapor pressure of
the air and increases that of the water surface. This increase in
difference of pressure increases the rate of evaporation. If the air is
still, a blanket of vapor is soon formed after evaporation begins, and
inasmuch as this blanket increases the humidity of the air, the rate of
evaporation decreases. If, on the other hand, the wind is blowing,
it carries away the vapor blanket, replacing it with drier air, which
keeps down the relative humidity of the air, and the original rate of
evaporation is more nearly maintained. Any increase in wind velocity
beyond that necessary to keep the air dry above the water surface
does not affect the rate of evaporation except that the formation of
waves may throw spray into the air and thus increase evaporation

slightly.
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COMPARISON OF RECORDS

From the foregoing discussion it is evident that the chief factors
influencing the difference in vapor pressure of the air and water
surface are relative humidity, temperature, and wind velocity.
These three factors are so interdependent that it is impossible to
make, with any considerable degree of accuracy, a comparison
between the evaporation at different points based on a single factor.

The combined effect of relative humidity and wind velocity is
shown by the records of the Yuma evaporation and Yuma citrus
stations, the mean annual temperatures for which vary by only 4°.
Although actual records of relative humidity are not available, it
must be considerably higher at the evaporation station than at the
citrus station, for the former is in an alfalfa field and the latter on a
barren mesa where the absence of vegetation and a wind velocity
85 per cent greater than at the evaporation station must cause low
relative humidity. The effect of the difference in humidity and wind
velocity is shown by the difference in recorded evaporation (reduced
to reservoir equivalent), which amounts to 52.96 inches and 79.20
inches, respectively.

The effect of relative humidity is strikingly shown by comparison
of monthly records for different years at the same station. At
Santa Fe the evaporation for May, 1927, was 8.08 inches, which
is 160 per cent of the mean evaporation for that month. Temperature
and wind movement were less than 10 per cent above normal, while
the relative humidity, as measured at the regular Weather Bureau
station near by, was only 56 per cent of normal.

The evaporation at the higher altitudes is influenced greatly by
the slope on which the records are taken. The records at Wagon-
wheel Gap (altitude 9,610 feet) are the combined results of measure-
ments made on a slope having a northern exposure and one having a
southern exposure. The former receives the direct rays of the sun
for a shorter period than the latter, and the resulting difference in
temperature and relative humidity is strikingly shown by the evapora-
tion on the two slopes during the period from June to October, for
which it is possible to measure evaporation without interference from
freezing. The following table, covering five years’ records; shows the
mean monthly evaporation for the two slopes.
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Evaporaiion (reservoir equivalent) on slopes of norihern and southern exposure al
Wagonwheel Gap, Colo.

- Reservolr equivalent
(inches)
Month

Northern | Southern

exposure | exposure
June -2.91 3.82
July. 2.39 3.69
August, 159 3.12
September. 1.23 2.96
Octob .45 189
8.57 15.48

Reservoirs of any considerable size at the higher altitudes are
.usually surrounded by slopes of both exposures, and the evaporation
from the water surface will approximate the mean of the figures for
the slopes.
: VARIATION IN ANNUAL EVAPORATION

In the arid Southwest the factors influencing evaporation for any
given month have a relatively small variation from year to year, and
evaporation itself is similarly affected. The following table shows
the percentage of mean evaporation measured each year at Elephant
Butte Dam, N. Mex., and Mesa, Ariz.:

Variation in annual evaporation at Elephant Buite Dam, N. Mex., and Mesa,
Ariz., 1916-1927

Elephant Butte . Mesa
Year EVapo- | por gant || EVAPO* | por cent
ration | ‘ofyoan || FAHOR | ortiean
(inches) (inches)
016, oo ccmcemam e ——————————————— 65.76 103
1017. 72.40 110 44.21 88
1018, 89. 66 106 51.52 102
1019, 81. 59 94 51.86 103
1920. .. 66.79 102 54.76 108
1921 - 63.10 104 58.63 116
1822___. - - 69.40 106 5127 101
1923 —— 65.91 101 52.85 105
1924 64.99 99 54.97 109
1925 " 6192 95 46.13 91
1026, 55. 65 85 44,17 87
1927 97 64

WATER SUPPLY

Mean annual discharge—Records of discharge of the Colorado
River above the Green are available as follows:

Colorado River near Grand Lake, Colo. (1904~1909, 1911-1918).

Colorado River near Granby, Colo. (1908-1911).

Colorado River at Hot Sulphur Springs, Colo. (1904-1909, 1910-1924, 1926~27).
Colorado River near Kremmling, Colo. (1904~1918).

Colorado River at State Bridge, Colo. (1906-1908).

Colorado River at Glenwood Springs, Colo. (1900-1927).
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Colorado River near Palisade, Colo. (1902-1927). .
Colorado River at' Grand Junction, Colo. (1897—-1899).
Colorado River near Fruita, Colo. (1908-1923).

Colorado River near Cisco, Utah (19141917, 1923-1927).

These records cover periods that are mnot directly comparable.
To obtain a basis of comparison, the vecords of the Colorado River
near Palisade have been used, As diversions for irrigation in Grand
Valley have increased materially during the period covered by these
records, the amounts diverted from the river just above the station
have been added to the measured discharge, thus giving the river
discharge above the diversions. The increase in diversions from the
Colorado River above those for Grand Valley has been too small to
affect the records materially. This is shown by the irrigated areas
above Grand Valley for 1899, 76,700 acres; 1909, 150,000 acres;
1927, 166,000 acrns—an increase of less than 90,000 acres.

Annual discharge, in acre-feet, of Colorado River above diversions for Grand Valley
near Palisade, 18971927

Diversions above gaging
station
Total, Per
Year River as A including |- cent
measured | Price | oooparg Grand diver- of
and Mesa Valley sions ¢ mean
Stub diteh main
ditches {. canal
1897 4, 590, 000 7,300 - 4, 600, 000 115
1808 2, 750, 000 7,300 2, 760, 000 69
1899, 5, 070, 000 7,300 5, 080, 000 128
1900 3, 310, 000 7,300. c——- 3, 320, 000 83
1901 3,340, 000 7,300 3, 350, 000 84
1002 2, 150, 000 7,300 ... - 2, 160, 000 54
1903 3,070,000 | 10,300 |oeoeeoncec)omaamcoaan 3, 080, 000 71
1004 3, 330, 000 12, 400 3, 340, 000 84
1905 3,570,000 | 14,300 - 3, 580, 000 90
19086, 4,380,000 | 17,600 4, 400, 000 110
1907. 4,610,000 | 21,300 4, 630, 000 118
1908. —--| 2,810,000 | 29,100 2, 840, 000 71
1909 4, 980, 000 16, 600 5, 000, 000 125
1010 3,260,000 | 24,600 3, 300, 000 83
1011 3, 520, 000 30, 500 3, 620, 000 91
10012 e 5,160,000 | 48,700 5, 280, 000 132
1913.... 3,000,000 | 35,400 3, 210, 000 80
1914 4, 970, 000 30,400 5, 080, 000 128
1015 2, 880, 000 30, 800 3, 010,000 76
1016_._ —aaa| 4,090,000 29, 600 4, 230, 000 106
1917 5,550,000 | 26,100 , 400 5,710,000 143
1018 —--<| 4,520,000 33, 400 72,100 70,400 | 4,700,000 118
1919, 2,770,000 86,400 | 132,000 | 2,980, 75
1920.__ 4,720, 000 76,300 | 141,000 | 4,940,000 12
1921 4, 970, 000 ,600 | 144,000 | 5, 280,000 132
1922 3, 640, 000 78,700 | 166,000 | 3,880,000 97
1923 . 4, 360, 000 255,000 | 4, 620,000 116
1924 3, 540,000 }-.-... 275,000 | 3,820,000 96
1925 _ .| 3,080,000 |--—- 286,000 | 3,330,000 83
1926 4,020, 000 310,000 { 4, 330,000 109
1927 — 4, 170, 000 300,000 | 4,470,000 112
Mean 3,800,000 |--cccocnslonaan- ceee| 4,000,000 |.o_.oncn
¢ Figures rounded.

NoTi.—These records have been extended back from 1902t0 1897, as follows: For 1897 {o 1809 the discharge
was taken as that at Grand Junction plus 50,000 acre-feet for the diversion of Grand Valley canal, which
heads below Palisade. For 1900 and 1801 the discharge was taken as 175 per cent of the digcharge at Glen-
wood Springs. Beginning with 1919 the Grand Valley main canal included discharge of Price and Stub
ditches, and beginning with 1923 it included also the discharge of Orchard-Mesa diteh.
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The shorter records at different points on the river have been
referred to the 31-year mean through the use of the percentages
that the 31-year mean at the Palisade station bears to the means for
the periods covered by the shorter records. This procedure is based
on the assumption that the yearly variation in run-off is similar in
different parts of the drainage basin. An inspection of Figure 2
shows this assumption to be substantially correct.

Meéan annual discharge at principal gaging stations on upper Colorado River

Per ?cnt
of
Drainage Measured | Si-year Computed

Point on river area mesn | meamio | 3l-year
uare mean for| mean
Sl | (aoreteat) | 1020108 oretoct)
shorter
record
Near Grand Lake 101 104, 000 94 97, 800
Hot ur Springs. 785 | 578,000 o4 543, 000
. 2,360 | 1,330,000 9 | 1,280,000
Glenwopd Springs. 4,560 | 2,270,000 100 [ 2,270,000
Frutade : (70| 0|  %| sonon
Cisco ' " 24,100 | * 7, 100, 000 93| 6,600,000

e Inclnding diversions for irrigation just above station.
% Records partly estimated for years 19181922,

The records for the Cisco station represent closely the discharge
of the Colorado River originating in Colorado, as 93 per cent of the
drainage area above the station lies in Colorado, and the 7 per cent
in Utah has a low unit run-off.

Variations in annual discharge—The following table shows the
annual variation in run-off at Hot Sulphur Springs, Glenwood Springs,
and Palisade stations, representing the upper, middle, and lower
sections of the upper Colorado River.
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Variation in annual discharge at principal stations on upper Colorado River

3059%1;};“’ Glenwood Springs Palisade ®
Year Per Par Par
Acrefeet | cent of | Acre-feet |cent of | Acre-feet |cent of
mean mean mean
1897. 1, 600, 000 115
1808 2, 760, 000 (-]
1899 ----| 5,080,000 123
1900 2, 180, 000 96 | ° 8, 320, 000 83
1901 2, 200, 000 96 | 8, 350,000 84
1602 1, 510, 000 661 2 160,000 54
1908 1, 970, 000 86 | 8,080,000 77
1904 2, 140, 000 94 | 8,340,000 84
1905 556, 000 96 | 2,120,000 93 | 8,580,000 : 90
1906, 566, 000 98 | 2,620,000 115 | 4,400,000 110
1907, 720, 000 125 | 3,010,000 132 | 4,630,000 ; 118
1908, 343, 000 59 | 1,610,000 71 g, 840, 000 71
1909..... 692, 000 120 | 2,860,000 125 | 5,000,000 1256
1910 A 1, 720, 000 75 | 3,300,000 83
1911 497, 000 86 | 2,090,000 92 | 3,620,000 91
1912 672, 000 116 | 2 890,000 127 | 5,280,000 132
1913 407, 000 70 | 1,720,000 76 | 3,210,000 80
1914 1, 150, 000 199 | 3,000,000 132 | 5,080,000 128
1915 423, 000 73| 1,730,000 76 |+ 3,010,000 75
1916 469, 000 81| 2,210,000 97 | 4,230,000 106
1917 875, 000 117 | 2,940, 000 120 | 5,710,000 | 143
1018 639, 000 1111 2 786, 000 122 | 4,700,000 118
1919 360,000 1 62 | 1,600,000 70 | - 2,990, 000 75
1920 689, 000 119 2,710,000 | 119 | 4,040,000 - 124
1021 697, 000 1211 2, 880,000 126 | 5,180, 000 130
1922 .- 376, 000 651 1,970,000 87 | 8,880,000 97
1923 539, 000 93 | 2,490,000 109 | 4,620,000 116
1924 492, 000 85| 2 180,000 96 | 3,820,000 98
1925 1, 707, 000 78 | 3,330,000 83
1926 656, 000 113 | 2,576,000 113 | 4,330,000 109
1927 521, 000 2, 390, 000 105 | 4,470, 000 112
Mean ‘878, 000 2, 270, 060 4,000,000 fcuoenoo
i

o Includes diversions for irrigation in Grand Valley.

Nore.—Had the records at Hot Sulphur Springs covered the period from 1898 to 1904 the mean would
have been reduced, and this would have increased the annual percentages, which are less than those for the
longer records. Additional station records are presented as follows: Colorado River near Kreminling,
P. 73; Colorado River near Cisco, p. 75.

The percentages in the preceding table are shown graphically in
Figure 2. The year of lowest record was 1902, the discharge for which
was 54 per cent of the mean at Palisade and 66 per cent at Glenwood
Springs. This was in the middle of an 8-year period of which every
year but one had a discharge less than the 31-year mean, the 8-year
mean being 84 per cent.

Fluctuations of Great Salt Lake, which have been recorded since
1851, show that from 1885 to 1905 the mean lake level steadily
receded, reaching in 1905 the lowest point in the 74 years. Since
1905 the level has risen. This record indicates that throughout the

. Great Basin a prolonged period of deficient precipitation terminated
about 1904, and this indication is confirmed by the records of pre-
cipitation at points in the Great Basin. As the Great Basin is
adjacent to the Colorado River Basin, it is probable that the deficiency
in precipitation occurred in the latter basin also and that the minimum
of 1902 was the lowest for a period of possibly 75 years. Also, as the
8-year period 1898-1905 occurred at the end of the period of deficient

» Woolley, R. R., Water powers of Great Salt Lake Basin: U. S. Geol. Survey Water-Supply Paper

517, pl. 2, 1924, '
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precipitation, it may be considered a minimum that will not be
reached again for many years.

Wy High-water discharge—Upper Colorado River and its principal
tributaries are not subject to floods in the commonly understood
sense of the term. The high water is due to the melting of mountain
snow and occurs with great regularity each year. The following
table shows the dates of maximum discharge at different points on

100 JAI A A /’\ A\
AT
flsc Colorado_River at Hot Sulphur Springs
;thoc /\A /\/\ m //\ AN
TN TV VY

150 Colorado Rjver at Glenwood Springs

100} /\ /\VA\//\VA\/ V/ \/\\ [

50,\\/ :\/m Coloradg River i Palisadg 1]

FIGURE 2.—Variation in annual run-off at Hot Sulphur Springs, Glenwood
Springs, and Palisade, Colo.

the main river and its principal tributaries, arranged in descending
order, for 1915 to 1924:

Dates of maximum discharge on Colorado River and principal iributaries, 1915-1 824

Colorado
Colorado | Roaring Gunnison
Year | Horbel | Rivgrat | Jiiverat | Forkat | poracy | River near| OCTAC0,
) hur Eagle Glenwood | Glenwood Palisade QGrand Fruita
: P ag Springs | Springs Junction
Springs
June 20....| June 23.__.| June 21....| June 12....| June 21 June 21.

June 18....| June 20.___| June 14....| June 13, 14.{ June 14 June 14,
June 18....{ June 17-19.] June 19.___| June 20.._.| June 19, 20.| June 18....| June 20,
June 14....| June 14_...| June 14, 15.| June 14....[ June 14....} June 14,15.| June 15.
May 29...| May 27___| June l...._ June 17....] May 30...] May 22.._| May 29, 30.
June 9..... June 1..... June 1...._ June 9._.-.} June 1_____| May 23.

-| June 15_...| June 12._..| June15,16.| June 14....| June 16.....

June$, 10._| May 28,20 June 9._.._| June 9_.._.} May 29__
June 16....] June 16,17} June 17....| June 16,17.| June 17, -
June 14, 15.| June 15_...| June 15, 16.| June 14....| June 14....| June 7.....| & June 16.

June 16....| June 11....| June 13....| June 14.._.| June 11....| June 2.....| June 9.

s Cisco station,
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A study of this table shows that the average date of maximmum
discharge is latest at the station farthest upstream and is only a few-
days earlier at lower points as far downstream as Palisade, but for
the Gunnison River it is about 10 days earlier. This difference
in dates is due to the difference in mean altitude of the drainage
basins above each point, the snow melting earlier at the lower alti-
tudes. . The average date for the Fruita station falls between those
for the Palisade and Gunnison stations and shows the combined
effect of the maximum discharges at those points. The difference
between the maximum discharge of the Gunnison River and its
discharge on the dates of the maximum discharge at Palisade is
so small that the discharge at Fruita would only be increased by an
average of 1,900 second-feet if the maximum dates for the Palisade
and Gunnison stations coincided. In years of high run-off the dates
for the two stations are nearly the same.

At any one point on the river the date of the maximum discharge
is dependent not only upon the depth of snow in the drainage basin
but also upon the temperature, as a direct relation exists between
temperature and maximum discharge. A detailed discussion of this
relation has been given in another publication.!

That the run-off per square mile corresponding to the maximum
discharge recorded on the larger streams is low is shown by the
following table, which contains all the gaging-station records available
for the upper basin except those which are too short or fragmentary
to be of value. This low unit run-off, together with the great regu-
larity of high water, which prevents encroachment upon river chan-
nels, has resulted in little or no overflow from the principal streams,
except during 1921 (p. 154).

Mazimum recorded discharge in upper Colorado River Basin

Discharge
Drain- (second-feet)
- age —! Period of
Station area Date
(square Per | Tecords
miles) Total |square
mile
Colorado River near Grand Lake......o.oocvoceamee. 101 | June 16,1918 | 1,840 | 18.2 }9904—11 }g?g
Colorado River at Hot Sulphur Springs- - ecmmeceenna. 785 | June 15,1921 | 10, 300 13.1 %g(ﬁ—%gg
Colorado River near Kremmling 2,360 | June 9,1912 | 21, 500 9.1} 1904-1918
Colorado River at Glenwood Springs..ooceeeeeoceeen. 4,560 | June 14,1918 | 30, 100 6.6 | 1900~-1927
Colorado River near Palisade. ceaueeereocccccenonnes 8 790 gune lg: %ggi g?, % gg }902—13’;’73
une 1 , L 908-1
Colorado River near Fruita. en-| 17, 100 {me 41884 1125, 000 73 (%)
Colorado River near Cisco, Utah_ - _cccec_oceeec 24,100 | June 19,1017 | 76,800 3.2 |{193-1077
Fraser River near West Portal 28 | June 13,1918 | 820 | 29,3 |[1907-1009
Williams River near Scholl 143 | June 2,1914 | 1,680 | 11.7 | 1911-1017
Williams River near Parshall 196 | June 14,1918 | 2,520 12.9 | 19041927
Blue River at Dillon. 129 | I une 14,1924 | 1,180 9.1 [ 1911-1927

¢ High-water mark.
11 Follansbee, Robert, Some eharacteristics of run-off in the Rocky Mountain region: U. 8. Geol. Survey
‘Water-Supply Paper 500, pp. 27-29, 1922,
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Mazimum recorded discharge in upper Colorado River Basin—Continued

Discharge
Drain- (second-feet) |
ag Period of
Station area Date records
(syuare Per
os) Total | square
mile

8nake River at Dillon 90 | June 15,1918 | 1,170 13.0 | 1011-1919
Tenmile Creek at Dillon - 109 | June 16,1917 | 1,630 15.0 | 1911-1919
Eagle River at Redeliff. ... 74 | June §,1012 | 1,010 13.7 | 1911-1925
Eagle River at Eagle 650 | June 3,1914 | 6,760/ 10.4 | 1911-1924
Turkey Creek at Redcliff. 27 | June 13,1918 670 24,8 | 1013-1921
Roaring Fork at Aspen.___ - 109 | June 18,1917 | 3,170 20.0 }g{%—}%
Roaring Fork at Glenwood Springs..... cccaemeeoooon 1,460 | June 14,1621 | 17, 600 12,0 {}9906—11 }%ﬂ
Maroon Creek near Aspen 42 | June 13,1911 420 10.0 | 1911-1917
Castle Creek near Aspen .- 62 | June 15,1918 [ 1,000 17.6 | 1912-1920
Fryingpan Creek at Norrie ..o oooooooooo 92 : June 25,1912 | 1,440 15.6 | 1911-1916
Fry'inﬁpan Creek at Th ville. 175 | June 18,1917 | 2,780 156.9 | 1811-1920:
Parachute Creek at Grand Valley. ..o oocooo ... 196 | May 90,1022 790 4.0 | 1921-1927
Roan Creek near De Begque. 210 | May 21,1922 | 1,110 5.3 | 1821-1927
Plateau Creek near Collbran 88 | May 28,1022 | 2,800 31.8 | 1921-1927
Buzzard Creek near Collbran 136 | May 18,1922 | 1,270 9.3 | 19211927
Crystal River at Marble. 77 | June 19,1014 | 1,060 25.4 | 1911-1917
Taylor River at Almont.._. ..o 440 [ June 9,1920 | 3,760 8.5 | 1910-1927
Gunnison River near GUnNISON..oove e eoceamccacnaas 1,010 | June 13,1918 | 11,400 11.3 ig‘l)}l—%ggg
Gunnison River near Grand Junetion...........____. 8,020 | May 23,1920 | 35, 700 4.5 {%32?‘13%
East River at Almont. 295 | June 12,1018 | 6,000 | 20.3 1901%;!:11-
Tomighi Creek at Sargents. . 165 | June 9,1921 792 4.8 | 1917-1922
Lake Fork at Lake City. o] 126 {TURS 16 ITY 150 | 12.4 | 10181924
Cryétal Creck near Maher 26 | July 13,1917 419 16.2 | 1917-1919
Leroux Creek near Lazear. . 52 | May 29,1921 | 1,420 27.3 1 1017-1927
Surface Creek at Cedaredge oo -ceeeoocecucaammaan.. 43 | May 24,1920 715 16.6 | 1917-1927
Uncompahgre River at Ouray ®__... 44 | Oct. 5,1011| 1,980 45.0 | 1911~1927
Uncompahgre River below Ouray. 76 | June 14,1918 [ 2,530 33.3 | 1913-1927
Uncompahgre River near Colona 403 | June 13,1921 | 4,080 10.1 | 1917-1927
Canyon Creek at Ouray.... 26 | June 21,1915 580 22.3 | 1911-1915
Kghnah Creek near Whitewater_ ... ... 55| June 6,1921 | 1,630| 20.6 §§5§Zi3§§
Dolores River at Dolores. -cuvvveecmcecccemmmmccmceaas 514 | May 4,1922 | 7,400 14.4 {}g;&:{gg
Dolores River at Bedrock _| 2,040 | May 1,1922 | 5,460 2.7 | 1018-1923.
8an Miguel River at Naturita. .o oceevcmmraaenn. 1,080 | May 4,1921 | 6,000 5.6 | 1918-1927

h;gg&;iischarge for the Uncompahgre River at Ouray was caused by the heavy rains in the San Juan
ns.

In this region the summer is a period of very light rainfall, which is
not general but broken up into local showers by the rugged topography.
During the spring and fall, when the precipitation is heavier, it takes
the form of snow at the higher altitudes, so that the area subject to
rainfall is greatly reduced. Within the last 20 years there have been
four periods of heavy rains, which with their resulting floods are
described on page 153. ,

Low-water discharge.—Except for those streams whose summer
disgharge is seriously depleted by irrigation requirements, the period
of minimum flow occurs during the winter, when the precipitation
takes the form of snow and practically the only source of supply is
the ground water. As a basis for a study of the low-water discharge,
records covering several years for 29 stations in different sections of
the upper Colorado River Basin have been compiled. Only those
stations which have no considerable natural or artificial headwater
storage and whose winter records are based on current-meter measure-
ments have been selected.
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Mean monthly unit run-off during low-water period in upper Colorado River Basin

Second-foot per square mile Mean
Drain-
run-off
Station g arsa : (acre-fest
(square | peoem. per
miles) ber January |February| March square
miie)
Colorado River near Grand Lake._.. 101 0.278 0. 236 0.211 0. 264 1, 150
Colorado River at Hot Sulphur Sprin, 785 150 .143 . 139 156 7
Colorado River near Kremmling...._ 2,369 139 . 146 1 199 581
Colorado River at Glenwood Springs. 4, 560 . 165 .161 .161 L2138 |
Colorado River near Fruita. ..._..___..... 17, 100 . 160 .149 .151 .194 399
North Inlet to Grand Lake.._. - 47 .146 .125 104 .113 1,360
Fraser River near West Portal 28 .378 L2713 . 253 .252 1,220
Williams River near Parshall____ 185 . 278 . 247 .234 . 299 687
Blue River at Dillon._._.__ 129 263 .223 .193 195 758
Tenmile Creek at Dillon 109 259 .222 . 178 218 1,000
Eagle River at Redcliff.___ 74 167 . 165 172
Eagle River at Eagle. 650 182 . 163 .168 234
Roaring Fork at Aspen.._.. - 109 379 .334 .326 .349 1,260
Maroon Creek near Aspen.. - 42 .814 . 679 .691 1, 560
Castle Creek near Aspen.... - 62 612 521 . 506 .514 1,230
Crystal River at Marble___. . il 502 .389 .348 .3 2,360
Fryingpan Creek at Norrie..___-- 390 .282 .284 .375 1,160
Fryingpan Creek at Thomasville.__ () 249 .208 .231 . 1,110
Roaring Fork at Glenwood Springs 1,460 .345 .311 217 .332
Taylor River at Almont.__.___.. 440 . 287 .284 .308 .333 687
East River at Almont 295 . 266 27 227 . 262 1,010
Gunnison River near Gunnison..._....... 1,010 .224 .212 .218 .254
Gunnison River near Grand Junction..... 8,020 L1281 117 .125 . 146 278
Uncompahgre River below Ouray......... 76 .416 877 .373 . 458 1, 580
Kahnah Creek near Whitewater b__ 55 .081 .188 . 206 .24 667
Dolores River 8t RiCO-umueacumnn-. 83 . 201 . 228 . 243 318 feenaae
Dolores River at Dolores. 514 .168 136 143 .342 B4
San Miguel River at Placerville. 280 . 250 . .262 .278 807
San Miguel River at Naturita_._. 1,080 072 .081 .115 135 251

: Il;g!s grglggfogtt%p rﬁaa}ﬂ]cm% .xgo square miles at lower station.

The unit records in the preceding table may be divided into two
classes. In one class there is a continual diminution through the
winter until the melting snow in March increases the flow. In the
other class the December or January discharge is the lowest, and after
that the flow increases. This classification refers to mean monthly
discharge and not to minimum discharge for a period of a few days,
which frequently occurs during the first sudden drop in temperature
at the beginning of the winter.

The minimum run-off per square mile shows a wide range for the
stations in the Colorado River Basin, the limits being 0.679 second-foot
for Maroon Creek near Aspen and 0.072 second-foot for the San Miguel
River at Naturita. In general, the higher run-off per squure mile
occurs at stations having the greater total yearly run-off, but this
relation is not invariable, as a study of the table will disclose. The
winter run-off for the Crystal River at Marble, which has the highest
annual run-off, is exceeded by that for Maroon and Castle Creek,
both of which have a considerable smaller annual run off. The
winter run-off of North Inlet to Grand Lake is one of vhe lowest
recorded, but its total annual run-off is above the average. Thus it
is evident that although total annual run-off is the principal factor
in determining the low-water run-off, it is not the only une, because
soil and geologic structure are also influential.
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The scarcity of water in the older irrigated regions in Colorado,
chiefly east of the Rocky Mountains, has led to the construction of
six transmountain diversions as follows:

Transmountain diversions from upper Colorado River Basin

Drain- Diversion Condulg .
Alt aren i
tude of vtvrl(:)i?h :
. Ditch diver- ) o8
e From— To— L(&ﬁ‘f;)’ (segmé ;
) v -
feet)
Colorado River...... Cache la Poudre Rlver 8t - -
an Creek....| Arkansas River:_._... 2 00
Eagle River. SN T DR b . ’
Cochet«l){)a Creek.._.| Rio Grande........... 2 40
‘Fraser River_.__..__ Clear Creek..._....... 4 ]
Blue River..__....__ South Platte River....| 1 10

‘Grand River ditch.—The Grand River ditch, owned by the Water
Supply & Storage Co., was built about 1903 to augment the flow of
Cache 1a Poudre River for irrigation in that basin. It diverts water
from the headwaters of Colorado River and carries it across La Poudre
Pass into Long Draw, a tributary of the Cache la Poudre.
main ditch heads in sec. 1, T. 5'N., R. 76 W. sixth principal meridian,
and follows the contour across the pass at an altitude of about 10,200
feet. A secondary feeder diverts water from a tribatary stream in
sec. 29, T. 6 N., R. 75 W.; and extends northward, joining the main
ditch at the pass. The 12 square miles of drainage area above the

feet,

The

ditch is very rugged, with altitudes. rangmg from 10 ,200 to 12 808

The flow in the dltch is measured near the lower end and does not
represent the total amount intercepted. - -Seepage lossés in the ditch
are heavy, owing to the location of a conslderable pa.rt of the dxtch
in loose rock on a steep slope.

The average period of diversion is from the: nnddle of May to the
first of September. Owing to the heavy snowfall it'is necessary to
open the ditch at the beginning of each season, and this is done by
hand labor. - It usually takes a crew of a dozen men a month te
elear the ditch by digging a narrow trench along 5 miles of its entire
length of 8 miles, the remaining 3 miles being e6vered with timber
at points of heaviest snowfall. Very little ice is encountered, as the
ditch head gates are closed during the wmter ami the water fmm
cross-drainege channels i is excluded.

-46018—28-~P
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Diversion, in acre-feet, through Grand River ditch, 1903-1927

Opening Septem- | Closing | Total
Year date May June July | August | “per date | diversion
1,710
1,980
6,170
12,000
12, 600
16, 800
15,800 .
9,880
13, 400
5, 3,810 2,130 137 | Sept. 6 12,400
5,810 2,430 426 0 | Aug. 19¢ 8,670
1,630 4, 800 1, 090 0| Aug, 220 7,320
5,050 4,380 721 0| Aug.2le 12, 400
6, 660 4, 850 1,620 62 | Sept. 9 14, 400
0 6,270 1, 590 366 | Sept. 22 " 8,230
8,270 4,460 1,020 0] Aug. 24 14, 500
4,170 2,180 618 0| Aug. 19 9, 940
6, 840 6,330 1, 700 111 | Sept. 4 15,200
¢ 1,660 4,310 1,810 300 | Sept. 10 9,130
7,140 2, 630 1,170 144 | Sept. ¢ 12,400
43,040 6, 890 1,970 162 | Sept. 8 14,100
¢ 500 5,040 821 Aug. 23 , 850
6,310 4,350 2, 200 904 | Oct. & 16, 700
5, 200 6, 070 1,470 0| Aug. 23 14, 300
8,210 5,630 0 Aug. 24 16, 400
4,800 4,640 1,340 | & I, 11, 400
40 38 1S S ) A 100
& Closed for repairs. ¢ No diversion June 1-28.
b 250 acre-feet diverted in Aprx] 175 acre-feet diverted in Octol
¢ No diversion June §-26. ¢ Mean for 16-year period 1912—1927 is 12,100 acre-feet.

4 No diversion June 10-23.

The mean annual diversion of 12,100 acre-feet for the 16-year
period (1912-1927) does not represent the total available water
supply with the present capacity and location of the ditch, because,
in addition to the considerable seepage losses, reservoir capacity was
not available during the periods of heaviest run-off in May and June,
1914, 1917, 1921, 1923, and 1924. Although no records of discharge
of Coloradoe River tributaries near the point of divarsion are available,
the actual diversion made represents a run-off of 1,000 acre-feet;per.
square mile from the middle of May to the first of September, which
i slightly higher than the recorded run-off from any comparable area
in the upper Colorado River Basin. It therefore appears that owing
to the losses due to seepage and the inability to divert water during
portions of the high-water period in wet years through lack of storage
capacity, very little additional run-off is available with the present
location of the head gates, It is proposed to extend the Grand River
ditch 7 miles farther to Baker Gulch. This extension will intercept
the run-off from an additional area of 12 square miles, the mean run-
off from which during the diversion season is estimated as. 12,000
acre-feet.

Busk-Ivanhoe tunnel.—About 1922 A. E. Carlton, trustee for the
Colorado Midland Railroad stockholders, began the construétion of
a project to divert water from the head of Fryingpan Creek to the
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‘Arkansas Valley, - The abandonment of the Busk-Ivanhoe tunnel by
.the . Coelorado Midland Railroad when it ceased operation  gave an
opportunity to divert water through the Continental Divide at an
altitude of 10,950 feet. The tunnel, which isinsec. 13, T.9S.,R. 82 W.
sixth principal meridian, 11 miles west of Leadville, is 10,300 feet
long and has an eastward slope of 15:1,000. It is now used as a
highway, but along one side Mr. Carlton has constructed a semi-
circular metal flume having a capacity of 100 second-feet, within a
rectangular‘timber flumeé. The west end of the conduit is connected
with Lake Ivanhoe, which lies a short distance beyond the west portal.
Here a reservoir having a capacity of 1,400 acre-feet has been created
by means of a 20-foot dam across the lake outlet. A collection
.ditch having a capacity of 200 second-feet has been constructed to
Lyle Creek, a distance of 2 miles. The project was placed in operation
in 1925, when 2,000 acre-feet was diverted between May 20 and Sep-
tember 20. During 1926, 3,490 acre-feet was diverted between May
21 and September 4, and during 1927, 5,630 acre-feet between May 1
and September 10. The water is used for irrigation in the Arkansas
Valley between Pueblo and La Junta. From a study of the run-off
-tributary to Lake Ivanhoe (p. 61) the mean annual run-off available
for divérsion is estimated as 6,500 acre-feet.

~ Two *possibilities exist for obtaining an additional water supply
for the project. Ome is by extending the collection ditch from Lyle
Creek to the North Fork of Fryingpan Creek, a distance of 19 miles,
and the other by constructing a collection ditch 14 miles long to
Fryingpan Creek. By the first plan the run-off from an additional
‘area of 10 square miles would be intercepted, and by the second the
run-off from 12 square miles. As the unit run-off of Fryingpan
Creek is similar to that of the North Fork, the second plan appears
“to be more feasible. Records of Fryingpan Creek at Norrie (altitude
8,840 Teet) from 1911 to 1916 show the ‘mean run-off from April 1 to
-Septémber 30 to be 1,040 acré-feet per ‘square niile. Abové ‘the’
proposed collection ditch the altitude ranges from 11,000 to 13,500
feet, and the unit run-off is estimated as 1,300 acre-feet per.square
-mile, or 15,600 acre-feet for the 12 square miles. If this extenst
is constructed, the total amount available to the project for diver-
sion will be 17,700 acre-feet at an operating efficiency of 80 per cent.
' Ewing ditch—The Ewing ditch, which is the oldest transmountain
ditch from the Colorado Basin, was originally constructed in 1880
-for placer mining but has been used to divert water to the Arkansas
Basin for ifrigation since about 1912. It diverts water from Plngay-
Creek, a:branch of the Eagle River, in sec. 11, T. 8 S., R. 86°W.
sixth. principal meridian, at an altitude of 10, 500 feet, and crosses
Tennessee Pass, ending in a tributary of Tennessee Fork. It inter-
<cepts the run-off from 5 square miles of bare mountain side ranging
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in altitude from 10,500 to 12,600 feet. Records of diversion through
this ditch are available from 1916 to 1927, except for 1924 and 1925,
and are presented in the following table:

Diversion through Ewing ditch, 1916-1927, in ac‘req'eét

Year Jan. | Feb. | Mar. | Apr. | May | June | July {'Aug. {Sept.| Oct. | Nov. | Dec. | Total
90 951 123 | 515} 790 | 280 | 185} 101 | 100 | 108 | 111 | 2,680
80| 80| 84| 104 314 | 810| 301 187 77| 55| 67| 612320

72| 90| 3| 472 7581 269 128) 87| 80| 82| 82| 3280
81| 73| 81 501| 396 | 167 108] 79{ 99 85 | 1,850
a3 65| 87| 277| 534 207 108| 71} 67| 62| 65]1,680
64| 58 70 188 | 731| 210{ 109 94 81| 771,860
78 72| 82| 89| 355 | 431| 148 | 97| 53 1,560
68| 64| 74| 75| 428( 74| 278 | 153 | 116 ( 118 (30) | (85) | 2,210
0 0 0| 234 | 726| 283 | 185| 66| 74| 7i| 74| 1,680
55( 50 55| 54 48 ( 571 ( 208 117( 83 92| 89 1,060
67| 61 69| 79 376| 652 | 245 132 83 84| 80| 79( 2000
3 3 3 19| 33| 12 4 4 4 41 100

Unlike the Grand River ditch, the Ewing ditch diverts water
during the entire year, it being possible, owing to its small size. and
short length, to maintain an open channel under the snow cover,
which is not as great as in the region of the Grand River ditch.
Although the mean annual diversion of 2,000 acre-feet represents a
very low unit run-off of 408 acre-feet per square mile, the ditch
diverts practically all the water passing its head gate. Much of the
snow falling upon the barren area, which slopes toward the north-
west, is blown across the divide and is lost to the Piney Creek Basin.
The low run-off from this immediate area is not favorable to an
extension of the Ewing ditch.

Tarbell ditch.—The Tarbell ditch was constructed as a partnership
project in 1913 and first used the following year. At a point about
in sec. 12, T. 43 N., R.' 1 E. New Mexico principal meridian, it diverts
water from Lake Creek, a tributary of Cochetopa Creek, in- the
Gunnison River Basin, and conveys it half a mile to the divide,
where it is discharged into the Middle Fork of the Saguache River,
in the Rio Grande Basin. The drainage area above the headgate is
4 square miles of extremely rugged country ranging in altitude from
10,000 to 13,000 feet. The annual diversion is about 2,000 acre-feet.
-Although no records of run-off are available it is believed that at
Jeast 3,000 acre-feet is available for diversion.

Berthoud ditch.—The Berthoud ditch, also known as the Church
diteh, is owned by the Farmers Reservoir & Irrigation Co. It was
built in 1909 and is used to bring water from the Fraser River Basin
to the Clear Creek Basin. Water is diverted from First Creek about
in sec. 34, T. 2 S., R. 75 W. sixth principal meridian, and carried
4 miles to Berthoud Pass, crossing Current Creek. The ditch has a
capacity of 53 second-feet. At Berthoud Pass (altitude 11,300 feet)
it gives way to 462 feet of 30-inch riveted steel pipe, which empties into
the West Fork of Clear Creek. The drainage area above the ditch,
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which is 2 square miles, ranges in altitude from 11,300 to 12,500 feet.
Since about 1916, owing to the difficulty of keeping the ditch open
in the extremely rugged region beyond Current Creek, only 2 miles
of the ditch, extending from that point to Berthoud Pass, has been
operated. This portion intercepts:the run-off from 0.9 square mile.
The following table shows the total amount diverted each year:

" Annual diversion through Berthoud ditch, 1910-1927, in acre-feet

1910 . ... 4201917 . ___._._ 504 | 1924 _ _ ___._____. 1, 160
1911 . ... 43411018 . . ___._. 868 | 1925_ _ ... _._. 1, 050
w2 21011919 ___________ 476 [ 1926 _______ No record
3 . 1,160{1920__ _________. 01927 _____.____.__ 420
1914 . . 47611921 . _..___ 100

10016 . .. 650(1922__ ________.._ 576 | Mean (exclusive of
016 . 83211923, . ________ 1,370 | 1920 and 1926) . 669

" The quantity.of water diverted each year is not the total run-off
aviailable. Records of the Fraser River near West Portal (1911~
1927), the drainage area of which ranges in altitude from 9,300 te
12,500 feet, indicate a unit run-off for the period from April 1 to
September 30 of 1,060 acre-feet per square mile. Above the Berthoud
ditch the unit run-off is estimated at 1,200 acre-feet, or 2,400 acre-
feet from the 2 square miles of drainage area. Owing to the extremely-
ragged topography and the small areas whose run-off would be inter-
cepted by an:extension of the present ditch such an extensmn does.
not appear feasible. ;

- Boreas Pass ditch.—A small ditch diverts water from the head -of
Indiana Creek, a tributary of the Blue River, in sec. 26, T. 7 S., R.
77 W. sixth principal meridian, at Boreas Pass (altitude 11,500 feet),
inte the head of Tarryall Creek for the irrigation of hay lands in.
South Park. It was built about 1909 and diverts an average of less
than 4 second-feet for 90 days, or 600 acre-feet for the season.

Summary ol annual diversions.—The existing diversions may be
summarized as follows:

M ean annual transmountain diversions Jfrom upper Colorado River Basin, m acre—feet,

Grand River ditch__.__.___ 11, 400 | Berthoud diteh.__..._ .. ._ 685
Busk-Ivanhoe tunnel.________ 3, 710 | Boreas Pass diteh_ __________. 600
Ewing diteh_ . ____________ 2, 000 S
Tarbell diteh___.____________ 2, 000 20, 400

FUTURE DEVELOPMENT

Leasibility—The six developments above described represent
practically the limit of transmountain diversions by the relatively
inexpensive open ditches, except for the proposed extension ef the
Grand River ditch. Additional developments must be of greater

magnitude and expense and must be made by means of tunnels and
collection ditches leading to them. :
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The need for additional water on the esstern slope has led water
users to propose diversions from the Fraser, Williams, Blue, and
Eagle Rivers, the only streams so situated that diversions from them
to the eastern slope can, in the opinion of the writer, be seriously
considered for many years to come.. The Fraser and Blue River -
diversions. would be on a scale so large that they could only be
undertaken by a municipality like Denver, where the cost of the
project would be less of a governing factor than the necessity for
obtaining additional water to provide for the city’s future needs.
It therefore appears entirely probable that when these projects are
finally undertaken and carried to completion, the systems will be so
planned and comstructed that they will collect about 80 per cent
of the available water. In fact, the city’s engineers charged with
planning its future water supply are contemplating an efficiency of
90 per cent. To obtain this high efficiency, the collection ditches
in earth and loose rock must be lined, and drainage ditches must be
built along the side above the collection ditches to collect the surface
run-off and carry it to the cross drainage channels that will empty
into the main ditch. Provision must also be made to clean the snow
- from the ditches by machines early in the spring. The experience.
gained from the operation of the Grand River and Skyline ditches
shows that it will be possible to exclude during the winter the rur-off
from the intercepted streams entering the main ditches and thus
prevent the formation of any great amount of ice. It may also be
necessary to cover some portions of the ditches. The storage capac-
ities required will depend on the capacities of the tunnels and
ditches. Ditches on south slopes will obtain water fully two weeks
earkier than those on north slopes; the peak flow will be higher and
its subsidence more rapid. Open ditches at lower altitudes will
encounter less slide rock and will be subject to less danger from
heaving due to frost action. The-period during which water can' be
diverted is taken as April 1 to September 30, as that is the average
period during which the proposed diversions can be made without
interference with the right of the hydroelectric plant at Shoshone,
on the Colorado River (p. 165). In determining the available water
supply no consideration has been given to the conflict with water
rights immediately below the proposed diversions, as these must.be
acquired and extinguished.

Fraser River—With the completion of the Moffat water tunnel,
which parallels the railroad tunnel at a distance of 75 feet and has an
altitude of 9,300 feet at its midpoint, the city of Denver has planned
to construct a system to divert water to the South Platte Basin:
From the west portal of the water tunnel, in the NE. ¥ seec. 10, T.:
2 8, R. 75 W. sixth principal meridian, two collection ditches are to:
be constructed, one 27 miles long reaching West St. Louis Creek, and
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the: other ‘9 miles long reaching North Ranch Creek. This: system
will intercept.the run-off from 107 square.miles of drainage area -
ranging in altitude .from 9,300 to 12,500 feet. From the records of
the. Fraser River near West Portal (1911-1927) the unit run-off for
the period from April 1 to September 30 is estiimated as 1,060 acre-feet
per square ‘mile, or~113,000 -acre-feet from the entire area. At an
efficiency of 80 per cent, the mean annual diversion would be 90,400
acre-feet. A study of the 31-year record -of the Colorado River
near Palisade (p. 42) indicates that the mean for that period is 94
per cent of the 17-year mean from 1911 to 1927. On this basis the
mean annual diversion would be reduced to 85,000 acre-feet. The
annual variation in the proposed diversion is suggested by the follow-
ing table, based on the annual percentages for the Fraser River near
West Portal and the mean diversion of 90,400 acre-feet:

Annual diversion that would have been possible from Fraser River Basin, 1911-1927

Acre- | Per cent

Acre- | Percent
Yedr feet | of mean

feet | of me an Year

In the year of lowest run-off during the 17-year period the diversion
would have been only 63,200 acre-feet. To carry the maximum
discharge' of the Wettest year. a tufinel-¢gpacity of 3,100 second-feet
would be requlred However, it is possﬂSle to obtain some storage
above the proposed diversions and thus reduce the required tunnel
capacity. A capacity of 1,000 second-feet would have required
annual storage as follows, in acre-feet:

1914 __________ 22,200 | 1918___________ 26,900(1923________.__ " 3,880
1915, _________ 25,000 | 1920 __________ 5521924 ________.. 3, 990
1917 3,900 1921 __________ 154001926 __________ 3, 590

The records before 1914 are too fragmentary to determine storage
required.

Williams River—Several surveys have been made to divert water
from the Williams River to Clear Creek, in the South Platte Basin.
The most comprehensive survey has been made by the city of Denver,
which proposes to bore a tunnel 3 miles long at an altitude of 10,300
feet. This is about the lowest altitude believed to be feasible for &
water. tunnel on this project, as the slopes on both sides of the Conti-
nental Divide are such that a tunnel at 9,300 feet, the altitude of the
Fraser River diversion, would be 11 miles long. The west portal will
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be on Bobtail Creek, a tributary of the Williams River, and the east
portal on the West Fork of Clear Creek. From the west portal one
colléction ditch will extend to an unnamed creek beyond McQueary
Creek, a distance of 4 miles, and another will extend to the South
Fork of the Williams River, a distance of 18 miles. These ditches will
intercept the run-off from 29 square miles of drainage area, ranging in
altitude from 10,400 to 12,500 feet. No records of upper Williams
‘River are available, but by a comparison with the Fraser River
records the unit run-off above an altitude of 10,400 feet from April 1
40 September 30 is estimated as 1,100 acre-feet per square mile, or
82,000 acre-feet for the entire 29 square miles. At an efficiency of 80
per eent the mean annual diversion would be 25,600 acre-feet. A
tunnel capacity of 600 second-feet will be required to divert this
quantity of water unless storage is provided on the western slope.
The 31-year mean at Palisade is 94 per cent of the 17-year mean for
1911-1927. On this basis the mean annual diversion from the
Wllll&ms River would be reduced to-24,000 acre-feet.

‘Blue River—The basin of the Blue¢ River is so situated with refer-
ence to the eastern slope that a number of diversions are possible.
Surveys have been made by the.city of Denver for diversions at alti-
tudes of 10,300, 9,500, 9,112, and 8,842 feet, and the writer has made
‘a preliminary study for-one at 9,800 feet. The following table shows
‘the possibilities at each of these altitudes: :

Proposed diversions from Blue River Basin at cerlain altitudes

Diversion Lengt(l’lnoﬂfstél)mduit i Meﬁ'f,’]
- Area in- d’;egrsion
b Altitude = tercepted | . 'y
, (feet) (square | 3¢ 50 ber
From— To— Tunnel | Ditch | 18 | “ciency

(acre-feet)

Snake River......... 10, 300 3 26 56 28, 000
Illinois Gulch.. - eek 9, . 7.5 25 100 57,000
Swan Rivere. .. ___. 9, 500 12.9 26 181 96, 000
Blue River...__...... N%‘ith Fork of South Platte 9,112 18.9 14 293 169, 000

ver.
Do... L 1 T, 8,842 22.8 1 328 197,000

s The city of Denver has proposed to construct a 4-mile tunnel to Tenmile Creek ta] %meg that stream
at the mouth of West Fork, thus increasing the possible diversion by 36,000 acre-feet. _'The writer believes
that eventually the need for additional water in the Arkansas Valley will be so eat that water from Ten-
mile Creek will be diverted to that drainage basin rather than to the South Platte (For description of
that possible diversion see p. 58.)

The quantity ‘of water that can be diverted will depend upon the
length of collection ditches built from the receiving portal of the tunnel
along the mountain sides. As the diversion of a given quantity of
water requires a shorter collection ditch the lower the altitude of the
tunnel, it follows that for the same length of collection ditch the quan-
tity of water that can be diverted will increase with a decrease in
altitude. The preceding table shows that for 26 miles of ditches the
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diversions would increase from 28,000 to 96,000 acre-feet with an
increase in tunnel length from 3 to 12.9 miles. The projects requir-
ing tunnel lengths of 18.9 and 22.8 miles make available such large
quantities of water for diversion that a study showing the avail-
able diversions on these projects if ditches 26 miles long were pro-
vided has not been made. As the city of Denver is the only water
user that can afford to make a diversion from the Blue Riveér, at least
within the period of time that a forecast of future use can safely be
made, and as a tunnel 12.9 miles long will yield a quantity of water
sufficient for Denver’s needs for the same period and is within the
realm of present-day engineering practice, the divérsion of 96,000
acre-feet at an altitude of 9,500 feet has been selected for conslder—
ation in this report. :

The west portal would probably be on the Swan River in the
SE. Y{ sec. 15, T. 6 S., R. 77 W. sixth priricipal meridian, 1 mile below
Tiger. Oollection ditches extending from the North Fork of the
Snake River on the north to North Barton Creek on the south would
have a total length of 26 miles and intercept the run-off from 181
square miles of drainage area ranging in altitude from 9,500 to 13,500
feet. Stream-gaging records are available for the Blue River at
Dillon (1911-1927) and for the Snake River at Dillon (1911-1919).
For the 9-year period 1911-1919 the mean run-off from April 1 to
September 30 is 148,000 acre-feet, or 876 acre-foet per square mile
for 219 square miles ranging in altitude from 8,850 to 13,500 feet. As
the unit run-off increases with the altitude, that for the area above
9,500 feet will be slightly greater and has been taken ds 718 acre-feet.
This gives a total run-off of 130,000 acre-feet for the 181 square miles
lying above the collection ditches. Deducting 10,000 acre-feet for
the portion of the Summit County Power Co.’s water supply originat-
ing in the Snake River Basin above 9,500 feet leaves an available
run-off of 120,000 acre-feet. At an efficiency of 80 per cent the mean
annual diversion will be 96,000 acre-feet. A study of the 31-year
record of the Colorado River near Palisade (p. 42) indicates that the
mean for that period is 95 per cent of that for the 9-year period
covered by the Blue and Snake River records. On this basis the
mean annual diversion from the Blue River would be 91,200 acre-feet.

The variation in run-off that would have been available for diversion
from April 1 to September 30 each year at an altitude of 9,500 feet
is shown by the following table, which is based on a mean run-off of
96,000 acre-feet and annual percentages determined from April to
September run-off at the gaging station on the Blue River at Dillon.
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Annual diversion that would have been possible from Blue River Basin, 1911-19287

Per cent Per cent
Year Acrefeet | F1eon Year Acre-feet | ¢ oan
86 121, 000 126
120 72, 000 75
90 111,000 116
140 87, 200 91
86 72,000 75
89 119, 000 124
1l 90, 400 95
116
72 96,000 | oecuune

In the year of lowest run-off during the 17-year period the diversion
would have been only 69,000 acre-feet. The maximum discharge at
the tunnel site during the years of record was 1,880 second-feet.
With a tunnel capacity of 1,000 second-feet, the storage that would
have been required to care for the excess run-off is as follows:

Acre-feet Acre-feet Acre-feet
1014 ___________ 19,500 (1921 .. ___ 10,700 1 1926 _____. 6, 740
1917 . 6,480 1923, .. ___._ 2, 050
1918 .. 17,000 1924 . ________ 1,930

Eagle River—At Tennessce Pass, which separates the Eagle and
Arkansas drainage basins, an opportunity is afforded for the diversion
of water from the Eagle River. A tunnel at an altitude of 10,200 feet
would be 2 miles long, and one at 9,800 feet would be 6 miles long.
As the slope of the Eagle River Basin precludes the interception of
run-off from any area comparable in size with the areas in the Fraser
and Blue drainage basins, it is evident that for the quantity of water
available a length of tunnel greater than 2 miles would not be war-
ranted. With the tunnel at 10,200 feet and 15 miles of collection
ditches, reaching Bennett Creek on the west side and the East Fork on
the east, the run-off from an area of 30 square miles would be inter-
cepted, ranging in altitude from 10,200 to 13,000 feet. Records of
the Eagle River at Redcliff from 1911 to 1925 show the mean run-pff
from April 1 to September 30 to be 594 acre-feet per square
For the area above an altitude of 10,200 feet the unit run-off|is
estimated at 700 acre-feet per square mile, or 21,000 acre-feet for the.
30 square miles. At an operating efficiency of 80 per cent 16,800
acre-feet could be diverted. :

A low divide between the Eagle River and Tenmile Creek drainage
basins makes possible a diversion at 10,900 feet by a tunnel a quarter
of & mile long. Lowering the altitude of the tunnel 100 feet would
increase its length to 1)% miles. A ditch 8% miles long on the west
side reaching Searles Gulch and one 6% miles long on the east side
reaching Mayflower Gulch will intercept the run-off from an area| of
20 square miles, ranging in altitude from 10,900 to 13,500 feet.
Records of Tenmile Creek at Dillon from 1911 to 1919 show the mean .
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run-off from April 1 to September 30 to be 872 acre-feet per square
mile. For the area above 10,900 feet the unit run-off is estimated at
1,000 acre-feet per square mile, or 20,000 acre-feet for the entire area.
At an efficiency of 80 per cent 16,000 acre-feet could be diverted.
The water diverted from Tenmile Creek would be taken to the east-
side collection ditch of the Eagle River system. The annual variation
.that would have occurred from 1911 to 1925 in the combined diver-
sions proposed from the Eagle and Tenmile Basins is shown in the
following table, which is based on a mean discharge of 32,800 acre-
feet varied according to the variation at the Eagle and Tenmile
gaging stations:

Annual diversion that would have been possible from Eagle River and Tenmile Creek
Basin, 1911-1925

Year Acre-foet | Der cent Year Acre-feet | Ler cent

39, 000 119
2, 600 130
25, 600 78
41, 300 126
23,300 71
31,800 07
33, 800 103
41, 300 126
, 300 74

In the year of lowest run-off during the 15-year period the diversion
would have been only 22,700 acre-feet. Without storage on the
western slope, a tunnel capacity of 700 second-feet would be required.

From the Palisade records it appears that the 31-year mean for
1897-1927 is 94 per cent of the 15-year mean for 1911-1925, and on
this basis the mean run-eff available for diversion would be 30,800
acre-feet.

Summary of future development.—The developments just descnbed
may be summarized as follows:

Summary of future transmountain diversions from upper Colorado River Basin

: Drainage Length of con-
Diversion area from duit (miles) | 40000
which run-| Elevation diversion
off will be | of tunnel (acre-
intercepted (feet) . feet)
From To (square Tunnel| Ditch
miles) \
Grand River ditch exten- | Cache la Poudre......._ 12 ¢ 10,200 | ... 7 12, 000
sion
Fraser River South Boulder Creek._.._ 107 9, 300 [ 36 90, 400
Williams Riv ‘West Clear Creek. 29 10, 300 3\ 22 25, 600
Blue River..... South Platte.._. 181 9, 500 12.9 26 96,
Eagle River..._ Arkansas River b 50 10, 200 2 16 32, 800
..... {4 1/ T, 17 10, 950 2 16 17,700
396 |_ocmceecae 25.9 122 274, 000

s Open ditch.
8 Including diversions from Tenmile Creek.
¢ Partly constructed.
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From the magnitude of the work involved, it will probably be many
years before these diversions are completely developed.

Effect of possible diversions on flow of Colorado River—To determine
the effect of the possible transmountain diversions on ‘the flow .of
Colorado River at various pownts, it is necessary to compute the
monthly quantities to be diverted. For that purposs, the period
1911-1927 was selected for each stream so far as records were:available.
and the monthly percentages of the entire discharge for the period
from April 1 to September 30 were determined. These percentages
were then applied to the mean run-off available for diversion.

Mean monthly discharge of proposed éransmountain diversions from upper Colorado
. River Basin, in acre-feei

April May June July | August Semm-
Grand River ditch extension...._......... 0f 1,200| 4,50 4680 1,440 120
Fraser River 2,710 | 17,200 | 40,700 | 18,100 7,220 4,520
Williams River-.ooooooooo o oo ooeo. 1,020 4,850 | 11,000 5,370 2,050 1, 280
Blue River. 3,840 | 19,200 | 36,500 | 21,100 9, 600 5,760
Eagle River - 1,970 9, 520 12, 500 5,240 2,200 1,300
Fryingpan Creek ... ... . ........ 885 4, 240 7,440 3,190 1,240 05

10,400 56,200 | 113,000 57,700 23, 800 13,700

R The effect of these diversions upon the flow of the Colorado River
is shown by deducting from the mean monthly recorded flow for the
period 1911-1927, the computed quantities given in the preceding
table and expressing the differences as percentages of the recorded
flow. These percentages are given in the following tables for each
principal gaging station above the Green River and at Yuma:

Dissharge of Colorado River as modified by proposed transmouniain diversions from
upper basin, in percentages of measured discharge

|

Gaging station April May June July August SQpbgzm

|

Kremmlinge. . oooeooo oo . 91 85 82 78 76 77
Glenwood Springs®. .. ... 93 90 87 84 83 85
Palisadec. i 96 9 92 90 90 91
[0 98 96 95 93 93 04
YUIDA e e 99.3 97.8 97.8 97.8 98.3 97.7

& Above diversions from Eagle River and Fryingpan Creek.
5 Above diversions from Fryingpan Creek.
¢ Above diversions from Grand Valley.

The effect of the proposed diversions of the flow of ColoradoRiver
will be a maximum at the Kremmling station and will decrease at
points farther downstream, where the discharge is successively greater.
Owing to the substantial uniformity of annual variation in discharge
throughout the upper basin, it is believed that the percentages given
in the preceding table will apply each year.

Additional possible transmountain diversions.—Two additional
large-scale diversions have been proposed, one to take water from
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the upper Colorado River Basin above Grand Lake into the Cache
la Poudre Basin by means of a tunnel about 12 miles long and the
other to take water from the Taylor River into the Arkansas Basin
either by a tunnel 6 miles long at an altitude of 10,000 feet or by a
tunnel 9 miles long at 9,800 feet. As the very heavy expense of these
diversions would have to be borne chiefly by irrigation interests, it
appears to the writer extremely improbable that they will be con-
structed for many years to come.

STORAGE
DEVELOPED SITES

The storage of water is in an elementary stage in the upper Colo-
rado River Basin. The water supply of the larger streams is suffi-
cient without storage for the present irrigation requirements, and it is
only on a few of the smaller tributaries that storage has become neces-
sary. Consequently, of the 41 reservoirs having a capacity of 500
acre-feet or more only two exceed 5,000 acre-feet, and one of these
was virtually abandoned before completion, owing to unsatisfactory
physical conditions. With the exception of Lake Hope and Trout
Lake, which are used for power, the reservoirs are used to store water
for irrigation but are too small to carry over water from one year to
the next. Not included in this report are numerous smaller reservoirs,
many of which are merely earth embankments thrown across natural
depressions in the ground surface. All available information relative
to these sites is presented in the following pages:

IVANHOE RESERVOIR (9DF 1)

About 1922 A. E. Carlton, trustee for the Colorado Midland Railroad stock-
holders, constructed the Ivanhoe Reservair, which lies close to the Continental
Divide at an altitude of 10,900 feet. Lake Ivanhoe, in sees. 12 and 13, T. 9 8.,
R. 82 'W. sixth prineipal meridian, is drained by Ivanhee Creek, a tributary of
Fryingpan Creek, which in turn empties into the Roaring Fork. The original
plan contemplatedthe construction of & dam 30 feet high and 630 feet long acress
the lower end of the lake and a dam 30 feet high and 30 feet long across the upper
end. This would have created a reservoir holding 1,920 acre-feet with an area
of 100 acres. The dam has been constructed to a height of 20 feet, which affords a
storage capacity of 1,400 gere-féeet. In addition to the run-eff from Ivanhoe
-Creek, an inlet ditch 2 miles ong from Lyle Creek, having s capacity of 200 second-
feet, makes available the run-off from a total area of 5 square miles.

Records of Fryingpan' Creek above Nortis, the drainage area of which ranges
in altitude from: 8,840 to 13,500 feet, indicates a unit run-off of 1,040 acre-feet
per'square mile. For the-area tributary to Lake Ivanhoe, which is above 11,000
feet, the unit run-off is estlmated at 1,300 acre-feet per square mile, or 6,500 acre-
feet from 5 square miles.

The water stored'in Lake Ivazﬂhoe is conveyed through the Busk-Ivanhoe Tun-
nel to the headwaters of the Arkansas and used for irrigation in the Arkansasg
Valley between Pueblo and La Junta.
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SPRING PARK RESERVOIR (2DF 2)

During 1911 the Carbondale Reservoir & Irrigation Co. constructed the Spring
Park Reservoir south of Cattle Creek, in secs. 15 and 22, T. 7 8., R. 87 W. sixth
principal meridian. An earth dam 27 feet high and 1,660 feet long at the crest
creates a reservoir having a capacity of 2,820 acre-feet with an area of 292 acres.
Water is supplied by Mountain Meadows ditch, which diverts water from Cattle
Creek in see. 1, T. 7 8., R. 87 W., and conveys it 2 miles to the reservoir. An
outlet diteh intercepts water brought by laterals from the Mountain Meadows
ditch, which drains 3,000 acres lying on the mesa above the main Roaring Fork
Valley.

The original filing for the reservoir contemplated a capacity of 22,000 acre-feet.
It is impossible to estimate closely the available water supply for additional
storage, as no records of run-off for Cattle Creek or comparable streams are
available. The drainage area above the intake for the reservoir is 81 square
miles, ranging in altitude chiefly from 8,000 to 9,000 feet, and the unit run-off is
estimated as 700 acre-feet per square mile. This gives a total run-off of 21,700
acre-feet. As 7,500 acres is under ditch from Cattle Creek, of which 5,800 acres
is irrigated, the diversion requirement for this area will be about 12,000 acre-feet,
leaving a surplus of 9,700 acre-feet for additional storage.

GRASS VALLEY RESERVOIR (8D@G 1)

About 1910 the Antlers Orchard Development Co. constructed the Grass
Valley Reservoir at Harvey Gap, in sec. 13, T. 4 S., R. 92 W. sixth principal
meridian. Within 10 years before the construction of this reservoir two dams at
the same site had failed, and special care was taken in constructing the present
dam. At the dam site the hills forming the abutments are very steep, and the
dam, which is constructed of earth with two layers of rock facing, has nearly its
maximum height of 60 feet throughout its length, which is 800 feet at the crest.
The capacity is 4,130 acre-feet, and the area 160 acres. The reservoir is supplied
by the Grass Valley ditch, which diverts water from East Rifle Creek just below
the falls in sec. 27, T. 4 S, R. 92 W., 7 miles above the reservoir. From the
reservoir, which is now owned by the Farmers Irrigation Co., water is released to
the Grass Valley ditch, which extends a short distance beyond the reservoir and

irrigates 3,780 acres.
ONION VALLEY RESERVOIR (9EC 1)

The Fruitland Irrigation Co., a stock company originally formed in 1901,
began the construction of the Onion Valley Reservoir in the valley of Onion
Creek in secs. 7, 17, and 18, T. 50 N., R. 6 W. New Mexico principal meridian, to
irrigate the lands of the company in the vicinity of Crawford (p. 131). The
dam, which was started in 1903, was constructed by the hydraulie-fill method.
Owing to the fact that water for construction was available only a comparatively
short time each year and to financial difficulties, the work proceeded so slowly
that by 1911 the capacity of the reservoir was only 1,600 acre-feet. This was
increased to 2,300 acre-feet in 1913 and to 4,770 acreffeet in 1924, when work
ceased. The present height of the dam is about 70 feet and the maximum length
100 feet. It was originally intended to create a capacity of 20,000 acre-feet.

The principal source of supply is Crystal Creek, from which water is diverted
in sec. 34, T. 50 N., R. 6 W., and conveyed 7 miles to the reservoir by a ditch
having a capacity of 80 second-feet. With this inlet capacity the mean annual
run-off available for storage, based on three years’ records just above the intake,
is 15,000 acre-feet. If the inlet capacity were enlarged to take practically the
entire flow of Crystal Creek the available supply would be about 27,000 acre-feef.
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OVERLAND RESERVOIR (0ED 1)

About 1903 the Overland Diteh & Reservoir Co. constructed the Overland
Reservoir near the top of Grand Mesa, chiefly in sec. 23, T. 11 8., R. 92 W. gixth
principal meridian. At this point the sources of Cow and Hubbard Creeks are
close together, and the construction of an earth dam 45 feet high with a crest
length of 1,300 feet has formed a reservoir having a capacity of 4,000 acre-feet.
The drainage area of the two creeks above the reservoir is 10 square miles, and
as this is in a region of very heavy run-off, the mean annual run-off is probably
more than 10,000 acre-feet. From the reservoir water is released into Hubbard
Creek and then diverted to the Overland ditech for the irrigation of 4,000 acres
between Leroux Creek and the North Fork (p. 133).

FRUIT GROWERS RESERVOIR (9EE 3)

In 1898 the Fruit Growers Reservoir Co. constructed a reservoir on Alfalfa
Run, an intermittent stream, chiefly in sec. 18, T. 14 8., R. 94 W. sixth principal
meridian. It is formed by an earth dam 36 feet high with a crest length of 500
feet and has a capacity of 3,420 acre-feet. The intake is the Alfalfa ditch, which
diverts water from Surface Creek in sec. 29, T. 13 8., R. 97 W., 7 miles above the
reservoir. In addition to supplying the Fruit Growers Reservoir, the intake
canal irrigates 2,200 acres above the reservoir. The water is used to irrigate land
between the reservoir and the North Fork of the Gunnison River near Cory.

RESERVOIRS ON GRAND MESA (9DJ 1-8, 9ED 2, 9EE 1-2, 4-10, 9EG 1-5)

™ The reservoirs in the Plateau Creek Basin and practically all of those in the
Gunnison River Basin lie on Grand Mesa, which is a region of many small lakes
at a general altitude of 10,000 feet. On the Plateau Creek side eight of these
creeks have been converted into reservoirs having individual capacities of 500
acre-feet or more and a total of 12,000 acre-feet. In addition, there are 45 smaller
reservoirs having a total capacity of 14,000 acre-feet. On the Gunnison River side
15 reservoirs of more than 500 acre-feet each have a combined capacity of 19,300
acre-feet, and 94 smaller reservoirs have an additional capacity of 14,000 acre-feet.
J. W. Johnson, deputy State engineer, has given the following description of the
dams forming these reservoirs.!2 ‘
b “The dams are built across the natural stream bed and are either of earth or
earth and rock combined. Where plenty of rock was available a heavy wall was
built on the downstream side. * * * When rock is not used the lower slope
is usually very steep, 1% or at most 2 to 1. The crests are uniformly narrow, few .
being 12 feet in width. The inside slopes vary from 2 to 1 up to 3 to 1. Most of
them are unprotected, some few being protected by riprap. * * * Spillways
are made by cutting a narrow trench through the natural gound so as to lead the
overflow away from the dam. * * * Some few of the larger dams have 5 feet
freeboard, but this is exceptional. * * * The outlets are wooden boxes pro-'
vided with wooden or steel gates at the intake ends. The gates are ordinarily
lifted by a vertical wooden stem operated from a tower reached by a wooden
footbridge.” :

The water from these reservoirs is used by the numerous ditches that irrigate
land in the valleys at the base of Grand Mesa. -

RUBY LEE REERV;OIR (9DM 1)

This reservoir was constructed but abandoned owing to the great quantity of
silt deposited.

N I

1 Colorado State Engineer Sixteenth Bienn. Rept., p. 53, 1913,
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NARRAGUINNEP RESERVOIR (3GH 2)

One of the first irrigation districts formed in Colorado was the Montezuma
Irrigation District, which contemplated the irrigation of about 60,000 acres
lying in Montezuma Valley but irrigated from the Dolores River. About 1808
the Narraguinnep Reservoir 3 was built near the upper boundary of the distriet,
chiefly in sec. 4, T. 37 N., R. 16 W. New Mexieo principal meridian. Aeross a
natural depression two earth dams having a total length of 1,320 feet and a
maximum height of 70 feet ereated a reservoir with a capacity of 9,300 acre-feet
and an area of 357 acres. (For description of intake see p. 137.) From the
reservoir water is released into the ditch system of the Montezuma Valley Irrie
gation Co., which succeeded the Montezuma Irrigation District in 1920. Not
only is the water supply sufficient for the reservoir, but the company contemplates
the creation of further storage by the construction of the Dawson Reservoir,
having a capacity of 60,000 acre-feet.

TOTTON LAKE ((SDH 1)

Burveys for the Totton Lake Reservoir, in sec. 20, T. 36 N., R. 1§ W. New
Mexico principal meridian, were made in 1898 by the United States Geological
Survey. A dam 33 feet high having'a length of 8,000 feet would create storage
amounting to 9,300 acre-feet with a depth of 25 feet and have s maximum area
of 830 acres.

About 1910 the Montezuma Irrigation District began the construction of this
reservoir and completed it to a capacity of 1,000 acre-feet. The earth dam
ranges in height from 2 to 10 feet and has a total length of about 3,000 feet.
The maximum area is 85 acres. The reservoir is used as a serviee reservoir for
lands on the lower part of the Montezuma Valley Irrigation Co.’s project and is
supplied by water from the canals of that system. The company states that at
the present time the reservoir is of little use. '

SUMMIT, JOE MORE, AND PUITT RESELVOIRS (0DL 2-4)

The Summit, Joe More, and Puitt Reservoirs, which are elose together on
the main ditch of the Summit Reservoir & Irrigation Co., are in secs. 32 and 34,
T. 837 N., and sec. 3, T. 36 N., R. 14 W. New Mezxico principal meridian, They
are formed by low earth dams acress natural depressions and have s combined
capacity of 4,000 acre-feet. The Summit ditch diverts water from the head of
Lost Canyon Creek in sec. 35, T. 38 N, R. 12 W,, and taps several tributary
streams in its course of 17 miles to the reserveirs. The water is used for the
irrigation of 3,500 acres lying 12 miles below the reservairs.

LAKE HOPE (DK 1)

In the late nineties the Telluride Power Co. converted Lake Hope, in sec. 27,
T. 41 N., R. 9 W. New Mexico principal meridian, into a reservoir for developing
power. It lies in an old voleanie crater on the headwaters of the Lake Fork,
at an altitude of 11,100 feet, and across its outlet a rock-fill dam 10 feet high
and 100 feet long was built. [he outlet is a tunnel 5 by 6 feet driven 971 feet
through solid rock, 113 feet below the natural lake level. The resulting draft
on the lake makes available a storage capacity of 2,300 acre-feet with. & maximum
area of 44 acres. Water is released from the reservoir into Lake Fork for use
at the Ames and Ilium power plants of the Western Colorado Power Co. (pp.
177-178), whieh sueceeded the Telluride Co. The drainage area abqve the res-
ervoir outlet is slightly less than 1 square mile, but as it ranges in altitude from
11,000 to 13,000 feet and is within a region of very heavy precipitation, the mean
annual run-off is estimated as 1,500 acre-feet.

187, 8. Geol. Survey Twentieth Ann. Rept., pt. 4, p. 420, 1900.
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TROUT LAKE (9DK 2)

In secs. 8 and 17, T. 41 N, R. 9 W. New Mexico principal meridian, 4 miles
below Lake Hope, lies Trout Lake, at an altitude of 9,700 feet in the channel of
the Lake Fork. In 1894 the Telluride Power Co. converted the lake into a
reservoir by the construction of a low earth dam. This was destroyed by the
severe flood of September, 1909, and was replaced by the present earth dam,
which is 36 feet high and 1,175 feet long. A storage capacity of 2,740 acre-feet
with an area of 142 acres was thereby created. From the reservoir water is
discharged through & 40-inch pipe line into the covered timber flume leading
to the Ames and Ilium power plants (pp. 178-179) of the Western Colorado Power
Co., which succeeded the Telluride Power Co. The period of release is usually
from August to April. The drainage area above the reservoir outlet, which is
14 square miles, ranges in altitude from 9,700 to 13,000 feet, and as it is within
a region of very heavy precipitation the mean annual run-off is estimated as
17,000 acre-feet. This includes the run-off tributary to Lake Hope.

LONE COKE RESERVOIR (9DK 8)

In 1912 the Lone Comne Ditch Co. constructed the Lone Cone Reservoir, 2
miles north of Lone Cone, in secs. 1 and 12, T. 43 N., R. 13 W. New Mezxico
principal meridian. A small reservoir having an earth dam 10 feet high, which
had been constructed several years previously, was enlarged. The dam, which
forms the inner toe of the enlarged structure, was raised to a maximum height
of 27 feet and given a total length of 2,600 feet. The capacity is 1,830 acre-feet
with an area of 149 acres.# The inlet is Lone Cone ditch, which diverts water
from Naturits Creek in sec. 10, T. 42 N., R. 13 W., and conveys it a short distance
to the reservoir. Water from the reservoir is used to irrigate 3, 470 acres between
Norwood and Redvale.

As no records of Naturita Creek or comparable streams are available, no
estimate of water supply has been made.

GURLEY RESERVOIR (9DK 4)

The Gurley Reservoir, controlled by the Farmers Water Development Co.,
is in sec. 86, T. 44 N., R. 13 W. New Mezico principal meridian. An earth
dam 42 feet high and 1,150 feet long creates 3,200 acre-feet of storage with an
ares of 217 acres. The inlet is a branch of Naturita Canal, which diverts water
from the headwaters of Beaver Creek in T. 42 N., R. 12 W. Water from the
reservoir is released into Maverick Draw and diverted on Norwood Mesa.

As no records of Beaver Creek or comparable streams are a,va.xlable, no
estimate of water supply has been made.

BUCKEYE RESERVOIR (9DL.5)

About 1907 the Paradox Valley Irrigated Land & Development Co. con-
structed the Buckeye Reservoir as the first unit in a system of three reservoirs
designed to store the run-off of the tributary streams of West Paradox Creek,
heading in the La Sal Mountaina. The reservoir is on unsurveyed land in
Buckeye Park, about in sec. 2, T. 48 N., R. 20 W. New Mexico principal meridian,
within a mile of the Utah line. An earth dam 40 feet high across the lower end
of the park creates a storage capacity of 3,000 acre-feet. An inlet ditch 10 miles
long diverts water from Deep and Geyser Creeks in Utah and conveys it to the
reservoir. Water from the reservoir-is released into a tributary of West Paradox
Creek, frem which it is diverted by the eompany’s ditches for the irrigation of
1,500 acres in West Paradox Valley. The other reservoirs contemplated have
not been constructed.

1 For detailed description of construction see Colorado State Eng. Sixteenth Bienn. Rept., p. 108, 1913,
46013—29-—86
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