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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
Washington, February 28, 1922.
The PRESIDENT OF THE SENATE.

Sir: Section 1 of the act of Congress approved May 18, 1920 (41
Stat., 600), authorized and directefr the Secretary of the Interior to
have studies made of Imperial Valley, Calif., and related sub}'ects
with respect to irrigation from the Colorado River. Section 2 of the
act required the Secretary to report to Congress the result of such
examination not later than December 6, 1920. On that day a report
was accordingly transmitted by letter from Secretary Payne in
which the following statement was made:

Because of the limited time since the passage of the act, further restricted by the

regular high-water period of the river, the investigations begun have not been com-
pleted. The studies will be continued as rapidly as the physical conditions and
available funds permit, and their results will be forwarded to Congress as promptly
as possible.

I now have the honor to send herewith the more complete report
by the Director of the Reclamation Service contemplated %y the fore-
foing languaFe. The submission of this reﬁort has been greatly de-

ayed not only by the physical limitations but by human considera-
tions. Section 4 of the act required the Secretary of the Interior to
report, amonﬁ other things, “what assurances he has been able to
secure as to the approval of, participation in, and contribution to the
plan or plans proposed by the various contributing agencies.”

It followed from this language that the nature of the report to
be submitted depended on the attitude of the various local communi-
ties interested, and to determine that attitude it was necessary to
refer to or discuss with thenr the report to be made. That was first
done by correspondence and at meetings with their representatives
held in this city, following which the report was placed in my hands
last July. However, the same day that receive(f) it I received also a
telegram from one of the local communities asking further delay
and discussion before submission of a report to Congress. In order
to secure as near as might be unanimity of those involved, the report
was held for further fiscussion and consideration. This continued
by correspondence, wide publicity in the local press, and extended
discussions in various meetings in the Southwest. Finally, I person-
ally proceeded to San Diego, Calif., where on December 12, 1921,
I held an open hearing on the subject, so that everyone interested
mi%ht have an opgortunity to express his views. .

he result has been virtual unanimity regarding the desirability

of constructing the large project outlined in the report. This gen-

eral agreement is well illustrated by the discussion at San Diego.
This was stenographically reported, and for the information of Con-

viI
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VI LETTER OF TRANSMITTAL,

ess I am sending herewith the transcript of that hearing, in' which
will be found not only the oral testimony of the numerous repre-
sentatives at the San i’)iego meeting but various formal expressions
from some of the southwestern communities interested in this project.

The act of May 18, 1920, requires from the Secretary of the In-
terior not only a report but recommendations on various points, all
of which are treated in the report sent herewith. The findings and
recommendations (p. 21) incluged in the report have my hearty con-
currence and approval. I earnestly hope that the report will be
favorably received and. acted upon by Congress. As a first step in
that direction, it is hoped the report may be printed because of the
wide and intense interest in the great interstate and international
project with which it deals.

Respectfully,
ALBERT B. FaLi, Secretary.



PLATE I.
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LETTER OF SUBMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES RECLAMATION SERVICE,
Washington, D. C., February 4, 1922.

The SECRETARY OF THE INTERIOR.

Sir: Transmitted herewith is report on the problems of the
Lower Colorado Basin, required by the act of Congress approved
May 18, 1920, entitled ‘“An act to provide for an examination and
report on the condition and ossiblg irrigation development of the
Imperial Valley in California.” (41 Stat., 600.)

his report supersedes the preliminary report transmitted to you
on November 27, 1920, in Wls)ich it was stated that further report
would be made.

The study of the Colorado River Basin from the standpoint of .
its use in irrigation and otherwise may be said to have begun by
the establishment of stations for the measurement of stream dis-
charge in various parts of the basin in 1894 and 1895 by the United
States Geological gurvey. One of these stations was established at
Yuma, Ariz., to intercept and measure the discharge of the entire
stream, there being no tributaries below this point. It was found
that gage-height readings had been kept for a considerable period
by the Southern Pacific Railroad Co. at Yuma, and these were
utilized so far as possible, but the shifting nature of the channel
made their use of doubtful value and also to a considerable extent
vitiated the records kept at Yuma by the Geological Survey for the
first few years. '

After the passage of the reclamation act in 1902 the Reclamation
Service took up the systematic study of the lower river, provided
for more frequent and systematic gagings at Yuma and other

oints, and made a topographic survey of the lower valleys of the

olorado River from Bulls Head to the Mexican boundary. The
investigations were continued particularly as regards stream meas-
urements and the survey of reservoir sites and borings at the neces-
sary dams. In the stream-measurement work substantial coopera-
tion was extended by the Geological Survey and the results were
assembled in the publications of that bureau from time to time,
particularly in Water Supply Paper No. 395, by E. C. La Rue.

A more intensive stmg' of the entire basin was inaugurated in
1914 by a special allotment of $50,000 for this purpose, supple-
mented by annual allotments in subsequent years, and this work
was finally assembled in three large volumes of manuscript by Mr.
John T. Whistler. It included a reconnaissance of practically all of
the proposed reservoir sites and irrigation projects in the basin above
the Arizona line and the compilation of all existing data including
the water filings and water rigﬁts throughout the basin. The study
did not stop with the rendition of Mr. Whistler’s report, but was

IX



X LETTER OF SUBMITTAL.

transferred to the lower basin, where the tﬁﬁoiiaphic survey of the

basin was continued up the river from B ead and a detailed

%urvey made of the proposed reservoir site at and above Boulder
anyon.

This report has drawn freely upon all previous investigations so
far as necessary and applicable to the solution of the problems of the
lower valley, as required in the act authorizing the report.

The investigations for this report have been under the direction
of Mr. F. E. Weymouth, the chief engineer of this service, and the
detailed studies very largely are the work of Mr. Harold Conkling.
Acknowledgments are also due to Mr. C. A. Bissell, engineer, who
has made supplemental studies and assisted in arranging and editing
the report. A

Respectfully,
A. P. Davis, Director.



PROBLEMS OF IMPERIAL VALLEY AND VICINITY.

The control of the floods and development of the resources of the
Colorado River are peculiarly national problems for several good
reasons:

1. The Colorado River is international.

2. The stream and many of its tributaries are interstate.

3. It is a navigable river.

4. Its waters may be made to serve large areas of public lands
naturally desert in character.

5. Its problems are of such magnitude as to be beyond the reach
of other than national solution. )

That these problems are national in character, scope, and magni-
tude was recognized by the act of Congress approved May 18, 1920,
entitled, “An act to provide for an examination and report on the
condition and possible irrigation development of the Imperial Valley
in California,” which forms the authority for this report.

A broad consideration of the various problems of the Imperial
Valley and of the lands ‘“which can be irrigated at a reasonable
cost from known sources of water supply by diversion of water from
the Colorado River at Laguna Dam,” as required by the act under
which this report is made, involves a comprehensive study of the
entire Colorado Basin, which the law recognized in section 3, where
report was required upon ‘the effect on the irrigation development
of the other sections or localities * * *7” ‘

This report will, therefore, include a general review of the condi-
tions and water resources of the entire Colorado Basin.

5 To make the report complete, data were required on five principal
ines: .

1. Quantity and regularity of water supply for irrigation.

2. Protecti}(;n from gLhe ﬂo)cr)ds of Coloragg ﬁiver. 8

3. Storage facilities available.

4. Available land for irrigation.

5. Canal systems required to serve these lands.

The water supply of the Colorado Basin has been measured at
various points for many years, and a large number of gaging stations
in different parts of the basin has been maintained for varying

eriods. The measurements have mostly been made by the Geo-
ogical Survey, but some of them have been conducted by the
Reclamation Service and some by the interested States. So far as
available and pertinent they are condensed in this report and are
an essential part thereof.

PHYSIOGRAPHIC FEATURES.

The Colorado River is formed by the junction of the Grand ! and
Green Rivers in southeastern Utah. The Grand, which by reason of
its volume may be considered the upper continuation of the main

“él}ecegt %ction of the United States and of Colorado and Utah has changed the name from “Grand”’ to
olorado.
1




2 PROBLEMS OF IMPERIAL VALLEY AND VICINITY.

stream and is also in an approximate alignment therewith, rises in
northeastern Colorado and has a length above its junction of about
450 miles. Its principal tributaries are Frazer, Blue, Eagle, Williams,
and Roaring Forks, and the Gunnison River.

The Green is the longest branch, rises in the Wind River mountains
of Wyoming, flows in a southerly direction into Utah, and then turns
eastward flowing into Colorado and back into Utah, and has a length
of about 700 miles from its source to its mouth at the junction with
the Grand. Its principal tributaries are Blacks Fork, Henrys Fork,
Yampa River, Ashely Creek, Duchesne River, White River, Minnie
Maud Creek, Price River, and San Rafael River.

The length of the Colorado from the junction of the Green and the
Grand to the Gulf of California is about 1,050 miles, thus making,
with the continuation of the Green, 1,750 miles total length. Below
the junction with the Green it flows southwesterly into Arizona across
the northwest corner of that State, then turning south forms the
boundary between Arizona on the east and Nevada, California, and
Mexico on the west, reaching the Gulf of California about 120 miles
below Yuma.

The drainage area of the Colorado River is 244,000 square miles,
distributed as shown in the following table:

TABLE No. 1.—Average discharges of principal tributaries.

Per cent ? Acre-feet
of total ' Dischargein| Square l;?'tg::lt per

dis- acre-feet. miles. area square

charge. ‘ . mile.
Green RivVer........o.coiooiiiiiiiaiiiinnanaan 32 1 5, 510,000 44 000 18 125
Upper Colorado (Grand River)................ 40 ' 6,940,000 26, 000 10 267
San Juan River........... .. 14 2, 700, 000 26, 000 10 104
Other areas except Gila... .. 8 1, 560, 000 91, 000 39 16
L€ . 6 | 1, 070, 000 57,000 23 ’ 19
b R 100 | 17,780,000 | 244,000 100 ' 70

i |

The water supply from the various branches is also shown in this
table and is by no means in proportion to the area drained, the dis-
crepancy being due to the wide diversity of climatic and topographic
conditions.

The rim of the basin whence the streams take their sources is
composed largely of high mountain ranges. On the north and east
the €Vind River Mountains and the ranges of the Continental Divide
are the highest and furnish the greatest water supply. This is espe-
cially true of the Rocky Mountains in north central Colorado, and
for this reason the run-off from that region is far greater in proportion
to area than that of any other part of the basin.

The lower third of the basin is composed mainly of hot, arid plains
of low altitude, broken here and there by occasional short mountain
groups or ranges reaching elevations of 3,000 to 6,000 feet. The
central portion of the basin is a high plateau, through which the
streams have cut narrow canyons, often of great depth. Every
tributary through this region is in canyon, so that much of the central
and upper part of the basin is traversed by deep gorges and is exceed-
ingly rough. At its mouth the river has built up a great delta from
the materials eroded in the canyons described and has by this means
encroached upon the Gulf of California at its mouth, and finally cut
off the upper end of this gulf entirely. The isolated portion, forming
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a deep depression below sea level, is known as the Salton Basin and
includes the Imperial Valley, of great extent and remarkable fer-
tility, with a saline lake in the bottom, known as Salton Sea.

The area of the drainage basin of the Colorado River, of approxi-
mately 244,000 square miles, is divided among the political divisions

as follows:
TaBLE No. 2.—Drainage basin area by States.

Square miles.

Area in United States........ ... .. .. i, 242, 000
Area In MeXiC0. - o ein e 2, 000
Y D 244, 000

Some of the areas in Arizona and California are very indefinite,
owing to the absence of definite topographic divides, and the contri-
butions of water from California and Mexico are negligible. The vol-
ume of contributory water from the different States, while not sepa-
rately measured, is‘in the following order: Colorado, Utah, Wyoming,
New Mexico, Arizona, Nevada, Mexico, and California.

The various branches of the Colorado drain the following areas:

TaBLE No. 3.—Drainage basin area by stream basins.

Square miles,
Green River...... ... ... .. ... iiiiiiiiii... A i 44, 000
" Upper Colorado (or Grand River). . ....... ..o, 26, 000
San Juan River. ... .. . i 26, 000
Fremont River. . ... ... i i 4, 600
g9 o 7 1 1, 400
Escalante. . . ... . i 1,800
- 171 o 2, 200
Little Colorado. . ..ot e ittt 26, 000
¥ 54§+ U N 11, 000
Miscellaneous. . . .. .couuein i i i 44, 000
[ 5 57, 000
Y 244, 000
Area including San Juan and all above............ ... ... .ol 108, 000
Above Boulder Canyon and below mouth of San Juan..................... 53, 000
Below Boulder Canyon and above Gila............. ... .. .. ... ... 24, 000
Gila River Basin. . . ... ... i i i i 57, 000
] 7 242, 000

SILT DEPOSIT DATA.

The Colorado River and most of its tributaries have been for many
centuries, and still are, eroding their beds and banks and carrying
large quantities of sediment a *)art of which is deposited on the
alluvial valleys during periods of overflow, and part reaches the Gulf
of California where 1t is continually extending and enlarging its
delta. .

Observations of silt carried have been taken periodically at Yuma
just below the mouth of the Gila River for a long series of years and
show an average annual amount by volume of 113,000 acre-feet, on
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the assumption that 85 pounds of dry matter is equivalent to a cubic
foot of solid. Most of the time the Gila River is nearly dry and the
little water it discharges is clear. The observations at Yuma, there-
fore, indicate the silt traveling at that time in the Colorado above
the Gila, and by difference at other times, the quantity discharged
by the Gila during its relatively short high-water periods. Observa-
tions on the Gila have also been taken at Buttes above Florence
and at San Carlos. A few observations have also been taken on the
San Juan, the Green, and the Grand, but these are too few to be con-
clusive, and any statement concerning these streams must be con-
sidered as a very rough estimate. The following table shows the
estimates on which this report is based:

TABLE No. 4.—S8ilt content, main stream and tributaries.

»

. Annual | Per cent
Annual water. silt. silt.
Acre-feet. Acre-feet.
Colorado at Yuma. .. 17,740, 000 113, 000 0.65
Gila 1,070, 000 15,000 1.40
2,700, 000 29,000 1.07
5,510, 000 30,000 0.54
6,940, 000 20, 000 0.29
1, 560, 000 19, 000 1.22

The silt content of the Colorado, with the Gila not in flood, has
averaged about 0.5 of 1 per cent, and this is fairly representative of
the silt conditions at Boulder Canyon reservoir. The discharge at
Boulder Canyon is estimated at 17,500,000 acre-feet annually. On
this basis the average annual silt discharge is about 88,000 acre-feet
per annum. v

POWER POSSIBILITIES.

The development of the best reservoir sites on the main branches
of the Colorado River, if used for irrigation in the lower basin, would
affect the conditions of power development in their basins below,
because the water would be regulated in accordance with the needs
of irrigation rather than of power. The power possibilities which
would be affected thereby are shown in the following table, which is
expressed in horsepower, continuous output, 88 per cent efficiency

at the turbines.
TaBLE No. 5.—Power possibilities.

Afterirriga-
Present. |tiondevelops
above.

Green River Basin:
Yampa, below Juniper Reservoir 289, 000 244,000
White, below Ran, ely Reservoir 24, 000 16, 000
Main stem, below Flaming Gorge Reservoir.... 1, 080, 000 729, 000
Total, Green River Basin 989, 000
Grand River Basin, below Dewey Reservoir. ...... 210, 000
Colorado, exclusive of Grand Canyon Park 3, 2t0, 000
Total. ... .o, eeeeeeaeteneeaaaaaaan 6, 013, 000 3, 459, 060
Inround figures.........ooiiiiiiiiiiii i e 6, 000, 000 3, 400, 000

The above power developments would be further diminished by
evaporation from the reservoirs built for power which would depend
largely upon the plan of development.
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It is believed to be possible to develop on the above streams ap-
proximately 3,000,000 continuous horsepower below the reservoirs
after they are built without interfering with irrigation in the upper
basin or entering the Grand Canyon Park if these reservoirs are not
used for irrigation in the lower basin.

Any construction of reservoirs for irrigation above those mentioned
in the above table would affect other additional power resources, but
those mentioned are believed to be the most feasible, in an economic
sense, upon their respective streams.

The Dewey Reservoir on the Grand is below any considerable
feasible irrigation development on that river, but all the other reser-
voirs listed are above proposed irrigation projects and might, to some
extent, affect them eitﬂer beneficially or adversely in accordance with
the plans under which the storage was developed and used.

URGENCY OF RELIEF.

In the valleys of the lower Colorado, and especially the Imperial
Valley, storage is needed for the extension of irrlﬁation and for safety
against drouth of the areas already irrigated when the cycle of low
years rolls around. :

The need is also vital for protection from floods of the Colorado
which threaten the levees along the river valley and which are a con-
stant menace to the Imperial Valley, threatening a repetition of the
experience of 1906. Both of these problems are urgent and vital.

he years 1902, 1903, 1915, and 1919 were years of low-water flow,
the first two being shortly after the beginning of irrigation in the
lower valleys and when the area irrigated was so small that no short-
age occurred. In the year 1915 irrigation had proeeeded to a sub-
stantial degree.

The records of the Imperial irrigation system show that for a con-
siderable period in 1915 the waters of the Colorado River were all, or
practically all, diverted at the intake of that canal and applied in
rrigation of Imperial Valley, with the result that an actual shortage
existed there part of the time. The shortage was not severe nor dis-
astrous, but it had a value as indicating the actual state of the water
supply in relation to use. The shortage would have been still greater
had a period as low as that of 1902 and 1903 occurred at that time.
This relation appears in the following table showing the annual dis-
charge of the Colorado River at the Laguna Dam. It will be noted
that- 1915, when the first shortage occurred, was by no means the
lowest year of record. A shortage also occurred in 1919, and the
years 1902, 1903, and 1904 all show a less discharge than 1915.

TaBLE No. 6.—Discharge of Colorado at Laguna Dam.

Per cent ‘ Per cent
Year. Acre-feet. | o oo Year. Acre-feet. | Toan.
21,700, 000 132 17,600,000 107
| 16,800,000 102 .| 18,200, 000 111
.| 15,200, 000 93 .| 11,800,000 72
.| 9,110,000 56 | 20,200,000 123
*| 11,300, 000 69 | 12]900, 000 79
.| 9,890,000 60 .| 18,900,000 115
| 16,000, 000 98 ‘| 20, 000, 000 122
.| 17,700, 000 108 .{ 13,100,000 80
24, 800, 000 151 | 11,000, 000 67
12, 800, 000 77 21100, 000 129
25,400, 000 155
14, 200, 000 87 18,400,000 |..........
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Since 1915 there has been considerable improvement in the appli- .
cation of water in the Imperial Valley, but recent experience shows
that storage is needed to supplement the low-water flow before any
large irrigable areas can be added. ,

ince 1915 Imperial Valley has increased its irrigated area over
60,000 acres in the United States and about 150,000 acres in Mexico.
The Imperial irrigation district contains more than 100,000 acres of
irrigable land not yet irrigated and the same valley in Mexico can
increase over 40,000 acres, and is in a physical position to take the
necessary water from the Imperial Canal before it reaches the Cali-
fornia line.

The Yuma project is increasing its irrigated area and has a recog-
.nized right to extend up to a limit of 120,000 acres.

The Palo Verde Valley has increased its irrigated area since 1915
by about 15,000 acres and is in physical position to increase this
area up to 78,000 acres.

Two Government projects in Colorado taking water from the
Colorado River drainage have increased their acreage since 1915
about 30,000 acres and have established rights by which these can
be further increased by over 50,060 acres. In addition to the above,
irrigation uses are increasing in the Uinta and Spanish Fork basins
in Utah and at numerous other points in the upper Colorado Basin,
most of which are small in amount,but which aggregate a considerable
acreage and will reduce the water suﬂply of the lower basin to a sub-
stantial degree. These may be taken as offsetting the improve-
ments in duty of water in the Imperial Valley.

Assembling the more important of the known data, we have the
following table showing increase over 1915:

TaABLE No. 7.—Increases in irrigated area.

.
Acres irrigated.

Project.

1915 1920 |Ultimate.
415,000 | 515,000

190, 000 (?)
54,000 120, 000
Palo Verde.......... .. A 35, 000 78, 000
Grand Valley Project . ....cceu.ecieniriiaeiiiaiiaiaieaeaacaenaaa]enncaaeaan 13, 000 , 000
Uncompahgre Project. ... .cceuceeeeaiecaeaaeteneeieeaetoaaoaaeaaonaeann 50, 000 70, 000 110, 000
OB - e et e eea e aeaneaantaaaeenneaneanaeanaeanaanaann 474,000 | 777,000 |..........

This table indicates that the increased irrigation in the basin in
1920 over 1915 is about 300,000 acres and that the desired expansion
in the Imperial irrigation district and incontestible or unpreventable
expansion in other regions will bring this acreage up to 877,000
acres, or about 400,000 acres more than in 1915, besides the various
increases in the upper basin.

In addition to this, there are large areas in the Colorado River
Reservation, the Mohave Valley, and at some other points where
development has been undertaken, or is likely to be undertaken
in the near future, which should be taken into account.

The above data are certainly convincing that no large area, such
as the East Mesa lands and Coachella Velley, can be added to the
irrigated acreage without certainty of water shortage, or if so added
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would constitute a serious menace to the water supply of the present
irrigated lands in the Imperial and Yuma valleys unless a large
amount of storage be provided.

For full deveTopment of all the lands that can be reached by
f;ravity and reasonable pumping lifts on the Lower Colorado River
arge stora§e capacity will be required, estimated at about 6,000,000
acre-feet, if provided by a reservoir below the Grand Canyon of the
Colorado. If storage is provided above the Canyon, this must be
increased by at least 2,000,000 acre-feet on account of the unavoid-
able losses due to the impossibility of regulating the flow in exact
accordance with the needs of irrigation from a reservoir so far distant,
and for other reasons. This capacity can be somewhat reduced if
the acreage be reduced by cutting off the more doubtful and less

- desirable areas which have been included.

To remove the menace of flood from the Colorado River will require
a much larger storage capacity than that above given.

Owing to the gradual upbuilding of its deltaic bed and banks the
flood menace from the Colorado River is an increasing and ever-recur-
ring problem of great importance.

he Gulf of California formerly extended northwestward to a
point a few miles above the town of Indio, about 144 miles from the
present head of the gulf. The Colorado River,emptying into the gulf
ashort distance south of the present international boundary, carried its
heavy load of silt into the gulf for centuries, gradually building up a
great delta cone entirely across the gulf and cutting off its northern
end, which remains as a great depression from which most of the
water has been evaporateg, leaving in its bottom the Salton Sea of
300 square miles, with its surface about 250 feet below sea level.

The river flowing over its delta cone steadily deposits silt in its
channel and by overflow on its immediate banks, so that it gradually
builds up its channel and its banks and forms a ridge growing higher
and higher until the stream becomes so unstable that it breaks its
banks in the high-water period and follows some other course. In
this manner the stream has in past centuries sw back and forth
over its delta, until this exists as a broad, flat ridge between the
gulf and the Salton Sea, about 30 feet above sea level, and on the
summit of this has formed a small lake, called Volcano Lake, into
which the river flows at present, the water then finding its way to
the southward into the gulf.

The direct distance from Andrade on the Colorado River, where it
reaches Mexico, to the head of the gulf is about 75 miles, and the
distance to the margin of Salton Sea 1s but little more. As the latter
is about 250 feet lower than the gulf, the strong tendency to flow in
that direction needs no demonstration. This, coupled with the
inevitable necessity for such an alluvial stream to leave its channel
at intervals, constitutes the menace of the lands lying about Salton
Sea, called the Imperial Valley. As there is no escape of water from
Salton Sea except by evaporation, the river flowing into this sea
would, unless diverted, gradually fill it to sea level or above and
submerge the cultivated land and the towns of Imperial Valley, nearly
all of which are below sea level. Any flood waters that overflow the
bank to the north must therefore without fail be restrained and not
allowed to flow northward into Salton Sea. This is now prevented

93715—S8. Doc. 142, 67-2——2



8 PROBLEMS OF IMPERIAL VALLEY AND VICINITY.

by a large levee, north of Volcano Lake, extending eastward and
connecting with high land near Andrade. This levee is in Mexico
and its maintenance is complicated thereby.

In 1905 the river scoured out the channel of the Imperial Canal
and turned its entire volume into the Salton Basin, eroding a dee
gor%f and raising the level of Salton Sea. It submerged the salt
works and forced the,removal of the main line of the Southern
Pacific Railroad. At great difficulty and expense, after several
unsuccessful attempts, the river was returned to its old channel in
Februa;{y, 1907. e control of the river would be greatly facilitated
if the floods were reduced in volume by storage. Investigations
have been made concerning the feasibility of storing the floods and
reducing their volume to an amount easily controlleg. )

Thefloods divide themselves naturally into two general classes—those
from the Colorado River, which drains large areas in Wyoming, Col-
orado, New Mexico, Utah, and Arizona, and those from the Gilaqbasin,
which lies mostly in Arizona and partly in New Mexico and Mexico.
While the area drained is much larger for the Colorado than for the
Gila and the water supply vastly greater, the habits of flow are such
that the Gila River, owing to its flashy character, sometimes furnishes
flood waves at its mouth near Yuma almost as large as the maximum
discharge of the Colorado at the same point. These floods from the
Gila, however, are infrequent and of relatively short duration.
While their sudden character and erratic occurrences make them
peculiarly menacing to the levees or other property on the banks of
the river, they do not present so great a menace to the Imperial
Valley on account of their short duration and relatively small volume.
The Colorado River rises gradually, carries a large volume of water
for several weeks, and de(ﬁines gradually. Should it break into the
Imperial Valley at time of flood, the long duration of high water
would cause great erosion and render its control exceedingly difficult.
This is the experience actually obtained when this occurred. The
Gila, on the other hand, might break into the Imperial Valley but
the relatively short duration would not furnish nearly so much water
to the Salton Sea, and consequently not incur the danger of sub-
merging the entire valley. The quick decline would make its control
comparatively easy. e great floods of the Gila occur in the winter,
while those of the Colorado occur in summer. So far as known,
they never have coincided; but if this ever should occur, it would
greatly increase the menace.

- A reservoir site of 2,200,000 acre-foot capacity has been investigated
near Sentinel, on the lower Gila, which, if built and maintained,
would practically eliminate the menace from the floods of the Gila,
but the investigations show such poor conditions for foundation and
- abutments that the feasibility of t%is reservoir is subject to doubt.

The control of the Colorado River proper is, for the reasons above
stated, the main element involved, and this has been investigated
extensively.

Possible reservoir sites have been found on the Grand and the Green
rivers, which, if constructed and operated for the purpose of flood
protection, would greatly reduce the volume of the floods, for though
the areas intercepted by each are small compared with the total
area of the Colorado River Basin, they drain mountains with high
precipitation that furnish a relatively large volume of water. A
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reservoir site also exists on the San Juan River, which is the next
tributary of importance, but the feasibility of this has not been
established. ° ’

Of the total area drained by the Colorado River, 244,000 square
miles, 96,000 is drained by the Grand, the Green, and the San Juan,
which, though draining less than two-fifths of the total area, furnish
approximately 86 per cent of the total water supply. There is still,
however, nearly 100,000 square miles below these rivers, exclusive
of the Gila, which would be uncontrolled by such reservoirs. These
areas, though furnishing a relatively small quantity of water, owin
to their aridity, are yet of such extent and declivity that they furnis
occasional floods og magnitude from direct precipitation, due to
which their control is important from the standpoint of the flood
menace.

In the study of this problem it has been demonstrated that for
several reasons it is desirable to have a reservoir below the Grand
Canyon of the Colorado, which will intercept most of the drainage of
the Colorado River and, therefore, be a more complete solution of
the flood-control problem. This method of control 1s important for
other reasons. )

The large areas of very fertile and valuable lands now developed
and being rapidly developed require immediate relief by extension
of storage for irrigation, and if such storage is constructed in the
upper basin it will of course be operated in conformity with the
requirements of irrigation in the lower valley as nearly as this can
be predicted, but a large percentage of the water will be lost owing
to the great distance and the impossibility of predicting the exact
requirements a month or more ahead. In order to provide against
embarrassing shortage, it will be necessary to turn out at all times
sufficient water to provide for the most extreme conditions that may
occur, but which seldom do occur, and this will mean that nearly
all the time a large amount of water will be flowing to waste. A
large part of this waste can be obviated by an adequate reservoir
on the lower river.

In addition to the above waste, any water supply appropriated
above for use in the lower valley would not be avairabf; for irrigation
in the upper valley. The most feasible sites occur at points where
this wouﬂ) be an o}t7>ject,ion to such use, because it would leave in an
arid state lands that might otherwise be irrigated in the wupper
basin. Such a result would be a distinct waste of resources, as in-
vestigations show that there is a sufficient quantity of water to
furnish an adequate supply to all of the lands in the {asin that can
be feasibly reached by gravity or reasonable pumping lifts. There
will, of course, be locaf exceptions to this where the areas can be
reached only by tributaries in which the local supply is insufficient,
but this is aside from the main question.

In addition to the above waste the regulation of waters from the
upper river in accordance with irrigation needs in the lower valley
would be distinctly out of harmony with the best use of these waters
for power in the canyon regions where the power resources predomi-
nate.

In the upper and lower regions of the Colorado Basin irrigation
interests should and must predominate, although power resources
are very important. In the middle or canyon region of the basin
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power resources predominate and irrigation interests are small. In
general, where irrigation interests are practicable, they should be
given preference over power interests, and this rule ret}uires storage
of water in Boulder Canyon, or below, for the use of the lower valleys.
The States in the upper basin are therefore vitally interested in seeing
that such development takes place before the natural resources are
depleted by storage above for use in the lower valleys.

ikewise the States containing the lower valleys are interested in
having storage in the lower basin on account of the economies thereby
obtained and the greater convenience and ease of control of a reser-
voir near the point of use. Incidentally it will have large power
. resources which are important in the development of the resources
of the Southwest.

Recognizing the importance of developing the Colorado Basin on
broad lines in such a way as to realize the greatest benefits therefrom,
the States of the Colorado River Basin took steps to organize a
commission upon which each of the seven States interested is repre-
sented and on which the United States is also represented in order
to work out and recommend to their respective States and to Con-
gress such action as will bring about the best use of the water re-
sources of this great river system, the largest and most important
river system lying entirely within the arid region.

Fortunately, the investigations at Boulder Canyon have shown the
feasibility of a high dam at that point, which if built would furnish
storage as shown 1n the following table:

TasBLE No. 8.—Capacity Boulder Canyon Reservoir.

[Computed from original plane-table sheets; scale, 2 inches equals 1 mile.]

Contour elevations. Area. Capacity. l Contour elevations. Area. | Capacity.
Acres. Acre-feet. | Acrefeet.

b, JSRRPSRREN I SR ! 10,153,
750. . 2,350 58,750 13,949, 250
800. . 5950 316, 250 18, 679, 500
850. . 15, 260 846, 500 24, 498, 500
900. . 21,620 | 1,818,500 , 000,
950. . 20,160 | 3,088,000 28, 600, 000
1,000. 39,690 | 4,609,250 31, 600, 000
1,050. 53,160 | 7,130, 500

Note.—The canyon walls extend up to above the 2,000-foot contour, or about 700 feet higher than the
last one for which capacity is calculated.

PROGRESS OF INVESTIGATIONS.

The preliminary report on the problems of Imperial Valley and
vicinity, published in January, 1921, described the progress of inves-
tigations up to that date, and these have been continued up to the
preparation of this report.

oil surveys under the direction of Prof. Charles F. Shaw have been

grosecuted, and land classification based upon this examination has

een made and shown upon maps. These subjects are treated in this
report on subsequent pages.

Borings have been prosecuted at the proposed dam site in Boulder
Canyon, and the cross section of the canyon heas been fairly well
Worl}(,ed out. A large amount of additional borings is, however, nec-
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essary to develop the entire foundation of the proposed dam, and this
will probably modify its location. Similar information is also neces-
sary for the cofferdam which must precede the main construction, and
must be, for temporary work, of a rather substantial character.
Results of the borings are shown in the accompanying diagrams and
indicate the maximum depth to bedrock of about 135 feet below low-
water level. This is regarded as feasible, although the foundation
work will of course be difficult and expensive in view of the great
volume of the river when in freshet.

Various studies have been made on the basis of the information
available, and these studies indicate the ‘cost of a dam with flow line
at 1,230 feet to be about $45,000,000. This would have a storage
capacity of about 21,000,000 acre-feet. Increased height of dam to
provide greater storage can be provided at an additional cost of about
$1 per acre-foot for the next 10,000,000 acre-feet. A capacity of
31,000,000 acre-feet would require a flow line at about 1,296 feet
above sea level.

These figures include preliminary work and the completion of the
dam in shape to serve for storage purposes and upon which to install
power plants, but do not include any other cost of power develop-
ment or transmission.

A reconnaissance has been made for two possible railroad lines—
one approaching from the west and joining the Salt Lake & Los
Angeles Railroad near Las Vegas, the other approaching from the
north, being a continuation of the branch which runs from Moapa to
St. Thomas. A reconnaissance should be made also of a possible
~ connection with the Santa Fe system to the south, with a comparison
of the cost and results. ' ‘

THE HIGH LINE CANAL.

.The construction of a high-line canal connecting Laguna Dam with
Imperial Valley was investigated and reported upon by a board rep-
Tesenting the State of California, the Imperial irrigation district, and
the United States under date of July 22, 1919, and a report was
published under the title “ Report of the All-American Canal Board.
A canal located entirely within the United States from the Colorado
River at Laguna Dam into the Imperial Valley, California.”” Ref-
erence is made to that report for the details of such a plan, and its
unit estimates of cost are accepted for the purposes of thisreport. It
is necessary, however, to modify acreages and other details in view
of the information recently collected. The agricultural lands that
it would serve in addition to Imperial irrigation district are given in
the following table:

TaBLE No. 9.—Irrigable acreages, Imperial Valley.

TIrrigable | Doubtful
londs. | lands. | Total.
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The above table includes only lands which require the construction
of the high-line canal to reach them. In addition to this the Imperial
irrigation district is heavily interested in having a high line built for
the reasons stated in the board report above referred to. The con-
struction of a high-line canal is provided for in a contract with the
United States dated October 23, 1918. In addition to this the dis-
trict is pledged to connection with the Laguna Dam by contract with
the Yuma éounty Water Users’ Association in order to terminate
the dangerous practice of maintaining a diversion dam at Hanlon
Heading. This connection should be made at the earliest possible
date in accordance with the existing understandings and contracts.
The distribution of the cost of the high-line canal would be according
to the following table: -

TasLE No. 10..—Division of costs of canal between Yuma project and Imperial Valley.

Cost of high-line canal:

To connect with dam $1, 843, 000
L0 1T ) R 28, 930, 000
TOtAL e« e 30, 773, 000
Division of costs of canal: Yuma project by contract...................: 980, 000
Remainder for Imperial Valley.........cooiioiiiiiiiiiiaiaiaaan. 29, 793, 000

TaBLE No. 11.—Drvision of costs of canal by acreage benefited.

 Acres. Amount.

515,000 | $18, 826,000
270,000 | 9,870, 000

el l’ m’

Imperial district
Extensions in United States
Extensions in Mexico

TOLAL. .« ettt eee et e e e e e e e e e aneanns 815,000 | 29,793,000

Cost per acre, Imperial Valley, $36.55.

Division of costs of power installations along canal:

Plant No. L.t aaaaan $1, 380, 000
Plant No. 2. e 1, 927, 000
Totaleone e e eeteteccaaeeaaaaaan 3, 307, 000
Divided as follows—
Yuma pr«H'ect ................................................. 528, 000
Imperial district. . ...oceit i 2,051, 000
Pumping: ... i 728, 000
) 3,307, 000

TasLe No. 12.——Pu7ﬁping and distribution system.

Newlands.| AVersge | mogq),

Pumping is divided as follows: Acres.

DEted StALeS. o e it eee ittt et eieiearaieaeaeeeaaeaeaaanaan 270, 000 $2.21 $596, 00C

MeXICO. . et i - 30, 4.40 132, 004

£617: Y  PRR RN N PR 728, 000
Division of costs of distribution system, including pumps:

United States. ... . ..ooiiieeiiiet et iiiaaeeeaaaaaeaaaaaaas 270, 000 53.57 | 14,461,000

B (58 s TP 30, 000 21.67 650, 000

7 DR PURPR SRR RPN 15, 111, 000
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TaBLE No. 13.—Summary of distribution of costs per acre, Imperial Valley.

[ Distri- -
! Hc'ﬂ';llme Power. | bution | Total.
} : system.
Tmperial district. ... ... | $36.55 $3.98 ...l $40.53
Extensions: . i
United States.............. Ceeetemteteinccetaneaancnanans 36. 55 2.21 $53. 57 92.33
h3 (33 1 PP i 36. 55 4.40 21.67 62.62

TaBLE No. 14.—Allocation of costs to clusses of lands in Imperial extensions.

Southern
Private. | Entered. Public. Indian. | California. %w%ic Total.

United States..... $1,339,000 | $1,420,000 [$15,400,000 | $1,062,000 | $1,348,000 | $4,359,000 | $24,927,000
Y 3 1 PO PR FORRRSRIN ML PP RPN NI 1,879, 000

01 7:1 O PRI AP NERPPUIY AP PO RO 26, 806, 000

TaBLE No. 15.—Imperial Valley extension—Irrigable area (acres).

: Cali- | Southern

Imperial Valley extension. | Private. | Entered.| Public. | Indian. | ;oo co l;aclrt{ic Total.
East side mesa.. 1,200 1,200 | 148,100 |.......... 8,300 1,200 | 160,000
Dos Palmas..... 200 1,400 700 |oooo...... 300 2,400 5,000
Coachella Valley 12,100 3,400 3,800 | 11,400 4,400 | 36,900 72,000
West side...o..oeeeenoennnannnn. 10, 000 9,300 | 14,300 1 1,600 6,700 \

United Stateslands.......| 14,500 | 15,300 | 166,900 | 11,500 | 14,600 | 47,200 | 270,000

Mexicanlands.............oo. i e el ‘ 30,000

FLOOD PROTECTION AND IRRIGATION STORAGE BENEFITS.

The distribution of benefits from water storage is perhaps the most
com];llicated and difficult to determine and involves questions of law
which it is neither possible nor desirable to determine at the present
time.

The Yuma project of the United States Reclamation Service claims
an early valicF right to the diversion of water, based upon an act of
Congress (33 Stat., 224) authorizing the diversion of water for the
Yuma project and including Indian lands. The Imperial irrigation
district, on behalf of the lands within its boundaries, claims a right
based upon filings under California laws. Similar claims are asserted
by the Palo Verde irrigation district and some other tracts in the
Colorado Valley, and which of these is to get preference is a matter
of dispute depending perhaps in part upon various questions of fact
which will require careful determination. The claim is asserted on
behalf of the Indians of the Colorado River Indian Reservation to
sufficient water for their lands, irrespective of prior appropriations.

These claims in the aggregate are conflicting, but it is neither neces-
sary nor desirable that they be now determined, nor is this possible
in time for this report. .

A similar difficulty arises in allocating the benefits for flood protec-
tion, although in a broad sense the older lands having the best water
rights are those most in need of flood protection.

R
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POWER DEVELOPMENT.

The development of power at the Boulder Canyon reservoir is a
by-product which does not in all respects conform to the require-
ments of irrigation but can be made to conform thereto with some
adjustment. The extremely arid and semitropic character of the
lands in the Lower Colorado Basin makes it necessary to irrigate
throughout the year and the irrigation requirements therefore con-
form more nearl}),7 to the requirements for power than do those in
‘northern latitudes.

It is estimated that the feasible irrigation projects in the lower
basin, which would divert water from the main stream, comprise
2,020,000 acres, of which about 60 per cent is in the United States
and 40 per cent in Mexico. The full development of the proposed
projects in the upper basin will subtract substantially from the total
water supply, but there will still be left ample water to irrigate all
the lands of the lower basin if it is conserved and regulated in a
-storage reservoir of ample capacity. The water can be used for
power as drawn from the reservoir and the amount of power that
can be developed with different amounts of storage capacity and
with different assumptions of irrigated land below i1s shown by the
diagram in plate VI. It shows that with 1,505,000 acres of land in
the lower basin irrigated and with a total storage capacity of 31,400,-
© 000 acre-feet, of which the lower 5,000,000 is reserved for silt storage
and the upper 5,000,000 is reserved for flood control, it is possible to
develop over 700,000 firm horsepower. With the entire 2,020,000
acres of irrigable land developed in the lower basin the possibilities
are still 600,000 firm horsepower, and besides this there is a large
amount of secondary power which is not constant but will be of
considerable value. .

All this is on the assumption that the total area of irrigable land
in the upper basin is irrigated, namely, about 4,000,000 acres, of
which about three-eighths is now under ditch. The development of
the ugper basin will doubtless proceed steadily, but it will be a long
time before the full development is reached, and the water later to
be consumed by future irrigation will be available for power at
Boulder Canyon until that development is realized. This will greatly
increase the figures shown above for a long time to come, and in the
meantime any regulation of the river above for any purpose will
also tend to increase them.

The great value of this power and the wide demand for it, together
with its magnitude, indicate that the power privileges of the Boulder
Canyon resérvoir can be made to bear*the entire cost of the dam.

The markets for power are numerous dnd various in this part of
the country, consisting in general of the mining interests in Arizona
and Nevada, the pumping requirements in the Colorado River
valley, and the nee(fs of the municipalities of Arizona and southern
California for municipal and commercial uses. Possible municipal
cAustolmers of importance are Prescott, San Diego, Riverside, and Los

ngeles.

’Fhe last-named city has indicated a desire to share in this develop-
ment as shown by the letter dated December 16, 1920, on page 92.
This city has already developed considerable power on the Los
Angeles aqueduct, and owns a system for distributing electric current
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within the city limits. The demands, present and prospective, are
far beyond the capacity of the city to supply with the present facili-
ties, and this is considered the most effective and extensive of all of
the power demands. :

It is desirable, of course, to extend to all customers who desire to
share in this development the same privileges. The use of the name
of the city of Los Angeles is mereII;r typical of such cities as may
eventually elect to share in this development. Others may later
apply and should have equal privileges.

TaBLE No. 16.—Status of lands in lower Colorado Basin in the United States.

1Late estimates from State engineer show 30,000 acres additional in lower basin in Nevada.
CONSTRUCTION METHODS.

Borings made in 1903 and 1904 on the lower river showed that
at Bulls Head, Williams Fork, Picacho, and other points tested the
subterranean channel of the river had been eroded to a great depth,
so that the foundation of dams at any of these points on bedrock
was considered infeasible. In view of this fact and of the silt prob-
lem, some engineers were led to conclude that storage at any point
in the lower basin of the Colorado River was not feasible. Kurther
consideration, however, led to the evolution of a }f{lan for building a
high dam without excavating the river to bedrock, which, owing to
the peculiar topodraphy of Boulder Canyon, seemed to be at least
worthy of consideration. At this point the canyon is about 300 feet
wide at the river level, and cliffs of magsive granite reach upward
nearly vertical to a height of over 2,000 feet above the river. Plans
were evolved for a loose-rock dam at this point constructed by the
following method:

It is proposed to pierce the cliffs with large tunnels on each side of
the dam site a short distance above the low level of the river at me-
dium stages in order that the river might be diverted through these
tunnels at moderate stages, if desired. These tunnels were to be
equipped with controlling works. For a dam, say, 600 feet above the
river level it was proposed to provide slopes for a rock-fill dam of
three to one on each side when counted from bedrock to summit
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with a top width of 30 feet. This would mean that the thickness of
the dam up and down stream at the river bed would be 3,630 feet,
or nearly three-quarters of a mile. The cliffs were to be pierced with
small tunnels parallel to the river at numerous points well above and
outside the lines of the dam in order later to blow the rock from these
tunnels into the river for forming a loose-rock dam. At a point just
above where the upstream slope of the dam would intersect bedrock
a tunnel on each side of the river was to be filled with powder and
exploded, throwing the rock into the river bed in such manner as to
form a cofferdam and divert the river into the diversion tunnels.
This cofferdam was to be faced with smaller rock in order to serve
its purpose and then the river turned over the cofferdam, which it
would (s)roceed to destroy by scouring the bed of the river at the lower
toe and rolling the rocks of the dam into the cavity thus formed.

After such action had proceeded to a point of comparative quies-
cence another blast from higher tunnels on both sides of the river
would blow additional quantities into the river just below the coffer-
dam and the river required to work upon this mass for a short time.
With the high head thus formed the scouring effect of the water
upon the toe ¢f the rock fill would be very powerful and would carry
away all the finer material, but the large blocks of granite that would
thus be provided could not be carried by the river but being under-
mined would be settled deeper and deeper into the river bed.

This process would be repeated in such manner as to secure the
largest possible action of the water in scouring out the foundation
and settling the large rock from the cliffs as low as possible into the
foundation. This proceeding from upstream to downstream would
pave the foundation progressively with large rock as deeply embed-
ded as possible. The process of b{owing rock from the cliffs above by
means of tunnels parallel to the river packed with black powder
would be repeated at such points that the required rock fill would
be built as nearly as practiczﬁ)le to the height desired on the required
slopes, the river being used to the maximum extent in settling the
rock into the foundation and all surplus waters drawn off through
the tunnels. It is obvious that very much larger masses of granite
could be secured in this way than could be feasibly moved by
ordinary mechanism.

During the early stages of construction when the mass is of mod-
erate height it would be necessary to take the flood waters of the
river over the structure, and this action would be used to the greatest
possible extent in thoroughly paving the foundation with the heaviest
rock obtainable. As the structure increased ingheight the storage
above it would increase in volume rapidly, and at moderate heights
the storage capacity and the tunnel capacity combined would be
adequate to prevent the overflow of the dam in times of high water
after such overflow became undesirable.

When this structure had reached the designed height and slopes
the entire upstream face would be brought to an even slope by
depositing smaller rock until the surface was smooth enough to be
paved with concrete. A concrete pavement would then be provided
of considerable thickness and reinforced with steel. This would
cover the entire face of the dam from the river bed to the top and
would be securely sealed to the cliffs on either side to prevent per-
colation through the dam so far as practicable.
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Prior to placing the cofferdam or any of the rock fill, it is proposed
to drive a row of sheet steel pi]in% as deeply as practicable across
the upstream toe of the dam, to be later connected and sealed firmly
to the toe of the concrete pavement on the water face of the dam.

The placing of the rock fill should be completed a year or more
before beginning the construction of the concrete pavement. This
time would be occupied in sloping up the water face preparatory to
placing the pavement. The construction of the pavement woulg be
so planned that the sealing of the pavement to the rock of the abut-
ments would be the last finishing touch of the dam so as to give the
mass the maximum time for settlement before making this junction.

The control of the river during construction and immediately
after would form a pond of varying magnitude just above the dam
filled with the muddy waters of the Colorado and these would deposit
their sediment on tKe river bed and lower toe of the dam in such
manner as to form something of a seal and tend to prevent water
entering the foundation at any considerable velocity.

This plan of construction was discussed with Secretary Lane in
obtaining authority for the extensive investigations of the Colorado
River in 1914. It had previously, and has since been discussed by
the author with many engineers in order to bring out, if possible, any
weak points connected with the plan, and some of the details of this
plan have been modified as the result of such discussions. They are
of course subject to further modification by further thought, and
especially by the experience obtained during construction. The

lans were worked out in more detail and estimates made on the

asis of such a structure as compared with a dam built of concrete
under the direction of the chief engineer of the Reclamation Service
by Mr. John L. Savage, designing engineer, United States Reclama-
tion Service, and his assistants.

These investigations seemed to indicate that no material saving
could be made by adopting such a plan as compared with a concrete
structure carried to bedrock providing the latter proved feasible
at all. A depth of 135 feet to bedrock while presenting serious diffi-
culties in foundation work is believed to be entirely feasible if
proper preparations are made and proper plans are followed.

It is not believed that in view of the cost it is desirable or
necessary to divert the entire flood flow of the Colorado River,
which may at times reach 200,000 cubic feet per second. The plan
is to design a thin arch of such radius and dimensions as to be safe
with its base upon the foundation rock and its summit about 40 feet
above the low-water level of the river. Within this limit the canyon
is quite narrow, being at all points less than 350 feet in width, and
therefore a structure of short radius and light section would be safe.
After the construction of a cofferdam and of diversion tunnels of
sufficient capacity to carry the ordinary flow and moderate floods
of the river, excavation would be undertaken of only sufficient
width to secure foyndation for this thin arch, and this would be
completed and the arch poured during the nine months or so in
which it would be possible to unwater the foundation by means
of the tunnels and cofferdam.

This thin arch could serve as a subsequent cofferdam and also for
the heel of the masonry structure to be built. If this were over-
topped by floods they would fill the pit with water only, which could
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be quickly pumped out when the flood had passed and the excava-
tion of the additional foundation and placing of foundation concrete
could proceed at all times when the river flow is below the capacity
of the tunnels; and this would mean without serious or expensive
interruptions except during the brief season of high water in May
and June.

The method just described for meeting foundation conditions in
Boulder Canyon has been successfully carried out in placing the
foundations fscr)r the Shoshone and the Arrowrock dams, the highest
yet built by the Reclamation Service. The depth to foundation at
Arrowrock was about 100 feet, and on the Shoshone about 90 feet.
At Boulder Canyon the depth is greater and the quantities are larger,
but it is practicable to assemble a much larger construction outfit
and to make more strenuous speed than was found necessary at
either of the two locations mentioned. These experiences have led
those familiar with them to conclude that the placing of the founda-
tion in Boulder Canyon for a concrete dam by the above method is
entirely feasible and not unduly expensive. :

If this is true, the plan of bly(r)wi the cliffs into place for a rock-
fill dam is not necessary to solve the problem. It might, however,
have advantages of economy, but this is difficult to predict on
account of the unprecedented character of the operations.

A structure necessary to solve the problem of the Colorado River
by a dam in Boulder Canyon is so high and so far beyond the prece-
dents that it seems advisable, with gue care for engineering safety
and economy, to avoid going outside of such precedents so far as
possible. For this reason it seems to be desirable to build the
structure of concrete in accordance with well-established theory con-
firmed by numerous and varied precedents. A rock-fill structure
might be cheaper, but our experience is so limited that we can not be
sure that this will be the case, and if some unforeseen difficulties,
such as blow-outs under the rock fill, should be encountered, its
expense might even be greater than that of a concrete structure, and
we can not be sure that 1t would be entirely safe.

COMPARISON OF BOULDER CANYON RESERVOIR WITH OTHER
POSSIBLE SITES.

The demand for a large regulating reservoir on the Lower Colorado
is urgent and imperative—first, for regulating floods; second, for pro-
viding storage water for irrigation; and third, for power. Without
the power the reservoir is not feasible at all, as the expense would
be too great to be borne by the other interests alone.

The reservoir site provided by a dam in Boulder Canyon, or its
continuation, Black Canyon, is the lowest point on the Colorado
River where a site of sufficient capacity can be found. Above this
site the Grand Canyon occurs, and no reservoir of capacity sufficient
to control the entire flow of the river occurs until we reach a point
above the Grand Canyon National Park. A site has been proposed
above the mouth of the Paria River in Glen Canyon, and it has been
urged that a reservoir formed here would, for a given height of dam,
provide greater storage capacity and would so regulate the floods as
to facilitate the construction of other dams farther down. These
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are valid arguments, so far as they go, but such a reservoir would not
answer present purposes for several reasons. '

Between the Glen Canyon and Boulder Canyon sites about 50,000
square miles of drainage flows into the Colorado, including the Little
Colorado, the Virgin, the Paria, the Kanab, and many smaller tribu-
taries. This region furnishes about 8 per cent of the water supply
passing Boulder Canyon, and most of it is subject to torrential
summer rains and to floods at other times, and the Glen Canyon Site
would not, therefore, give satisfactory control of the floods, which is
the most urgent of the problems presented. A satisfactory solution
of this problem could not be accomplished at any point above
Boulder Canyon. -

Any large reservoir on the Colorado must depend for its financial
feasibility upon the availability of an adequate market for not less
than hal{ a million horsepower of electric energy within economical
transmission distance.  The principal available markets are—

1. The Pacific slope of California, including the cities of Los
Angeles, San Diego, Riverside, etc.

2. Irrigation pumping in all directions.

3. The mining regions of the mountains of Arizona, extending in a
broad way from the northwestern to the southeastern corner of that
State and including the cities of Prescott, Phoenix, and Tucson.

4. The electrification of the Southern Pacific, the Santa Fe, and
the Salt Lake railways and their branches. ~

5. The cities of Nevada, Utah, Colorado, and New Mexico, and
the mining regions adjacent to them.

All of the more important markets above listed are more convenient.
to Boulder Canyon than to Glen Canyon. This is especially true of
the most important market, the cities and irrigation districts of
southern California. To reach these the most feasible routes for
transmission lines, considering the importance of transportation in
their construction and maintenance, is approximately along the
railroad routes. These compare about as follows, taking Los Angeles
as t)(ripical and deducting 20 per cent as the distance that might be
saved by cut-offs: .

Transmission distance, Boulder Canyon to Los Angeles.

Miles.

Los Angeles to Las Vegas, by rail . ..... .. ... ...l 334

Las Vegas to Boulder Canyon, by rail...... et ea e taaetaceaaaaaaan 40

3 7 374

Less 20 per cent. ..ot ittt ittt treteeaeanas 75

Net transmission distance........cciuoeieiieeinaianaenerrneennneennans 299
Transmission distance, Glen Canyon to Los Angeles. il

es.

Los Angeles to Flagstaff, by rail...............o..ooooiiiil 544

Flagstaff to Junction, by rail............. .. ... il 30

Junction to Glen Canyon, by rail_............... e e eec e 130

7 704

Less 20 per cent. ... .. coiiiiii it iiiiiiieiiieeieeeeaaaaaaa 141

Net transmission distance.:.......cceuoeoiiniiiioiiiiiiiaeeneannennnn 563

Transmission distance, Boulder Canyon to Los Angeles........................ 299

Difference in favor of Boulder Canyon......ccccccieeieecseccescecencans 264
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Considering the population and industrial importance of the
Pacific coast region, this market is the largest of aﬁ) the prospective
. markets, and neither development could at present be justified
financially without it. The advantage in transmission distance of
260 miles is of course decisive. In fact, the transmission of so» much

ower a distance of 560 miles, thoufh fphysically possible, can
Eardly be considered to-day commercially feasible under the condi-
tions surrounding this problem.

It would be hard to find a power site in the United States more
remote from adequate markets than the Glen Canyon site, and
nearly all its markets are or can be more cheaply served from nearer

oints. :
P These facts are so obvious that some of the proponents of Glen
Canyon reservoir tacitly admit its present inavailability as a power
site and extol its virtues as a regulator for power sites to be devel-
oped below. The best located of these is that at Boulder Canyon,
which, as we have seen, can be made to furnish its own regulation,
so that two such great undertakings are at present unnecessary, and
are in fact financially at present not only very uneconomical but
grobably infeasible. In the present state of development of the

outhwest, the construction of a large reservoir at Glen Canyon
under either plan would encumber the power development with
such a heavy charge for construction ancf) maintenance as to be a
serious public misfortune.

The disadvantages from an irrigation standpoint of locating a
storage reservoir 650 miles by river from the point of diversion
Whenda site is available at one-half the distance are readily appre-
ciated.

One of the great problems concerning the Colorado is that of silt.
The Boulder éanyon dam as planned would store the silt for over
three centuries, if all were caught and held, and for nearly a century
before greatly impairing its water-storage function. It is hoped
before that time that other developments above will so regulate the
flow that not all of its storage capacity will be needed, but it will
always be desirable to control tﬁe floods of the region between
Boulder Canyon and Glen Canyon, and before the capacity of the
Boulder Canyon is entirely destroyed the Glen Canyon regulator
can be built to take its place. It will then be fresh and empty of
silt and will last to as much later date as the age of the Boulder
Canyon reservoir at that time and will, therefore, solve the silt

roblem for a period of two or three hundred years further into the
uture than if 1t is built first, and can, if desired, be employed as a
sluicing agency for sluicing out the Boulder Canyon reservoir.

If built first the Glen Canyon reservoir would immediately begin
silting up and if sluiced in the future will discharge its sediment
into the reservoir later provided below and thus require sluicing of
the same sediment two or more times. This multiple sluicing will
not be possible without shutting down the storage and other func-
tions of all the reservoirs below while they are being sluiced out.

By the time silt deposits have begun to encroach upon the storage
capacity of the Boulder Canyon reservoir sufficient power earnings
will have accrued to amortize its cost, and the full height of the dam
will still be available for the development of power. The engineers
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of that future date will then not only be in a better position to build
the Glen Canyon dam than we are now but will be relieved of the
expense of a power dam at Boulder Canyon we would now be saddled
with and have in addition the advantage of being then free to operate
the upper reservoir to best advantage for power alone, the Boulder
Canyon reservoir still affording ample capacity for regulation for
irrigation.
RECOMMENDATIONS.

1. It is recommended that through suitable legislation the United
States undertake the construction with Government funds of a high-
‘line canal from L. a dam to the Imperial Valley, to be reimbursed
by the lands benefited.

2. It is recommended that the public lands that can be reclaimed
by such works be reserved for settlement by ex-service men under
conditions securing actual settlement and cultivation.

3. It is recommended that through suitable legislation the United
States undertake the construction with Government funds of a reser-
voir at or near Boulder Canyon on the lower Colorado River to be
rialimbursed by the revenues from leasing the power privileges incident
thereto.

4. It is recommended that any State interested in this development
shall have the right at its election to contribute an equitable part of
the cost of the construction of the reservoir and receive for its con-
tribution a proportionate share of power at cost to be determined by
the Secretary of the Interior.

5. It is recommended that the Secretary of the Interior be em-
powered after full hearing of all concerned to allot the various appli-
cants their due proportion of the power privileges and to allocate the
cost and benefits of a high-line canal..

6. It is recommended that every develogment hereafter authorized
to be undertaken on the Colorado River by Federal Government or
otherwise be required in both construction and operation to give
priority of right and use:

First. To river regulation and flood control.

Second. To use of storage water for irrigation.

Third. To development of power.



APPENDIX A.

REPORT OF BOARD OF ENGINEERS ON DESIGNS AND COST
ESTIMATES OF BOULDER CANYON ‘DAM.

WITH SUPPLEMENTARY REPORT OF OCTOBER 26, 1921.

May 26, 1921.
From: Board of Engineers.
To: Chief Engineer, Denver, Colo.
Subject: Report on Boulder Canyon Dam, Colorado River.

1. The undersigned board of engineers met at Boulder Canyon
dam site on May 13, 14, and 15, 1921, to consider preliminary investi-
ations, tentative designs, and cost estimates of the Boulder Canyon
am.
EXHIBITS.

2. Attached hereto you will find plates showing topography, profiles,
and a preliminary design of dam, as follows:

Plate VII: Boulder Canyon Dam sites, topography and profiles.

_Plate VIII: Boulder Canyon Reservoir, river-ll))eg section, A dam

site.

Plate IX: Boulder Canyon Dam Reservoir, river-bed section, C
dam site, line C-1.

Plate X: Boulder Canyon Reservoir, C dam site, line C-2.

Plate XI: Boulder Canyon Reservoir, preliminary design, curved
gravity dam.

DAM S{TES INVESTIGATED.

3. Two dam sites have been investigated and explored in a prelimi-
nary way with diamond-drill equipment. The two sites are about
2,900 feet apart, the upper one being some 3,500 feet downstream
from the head of the canyon as determined by Boulder Wash. The
lower site is known as the A site, while the upper one has been desig-
nated the C site.

4. The rock in the canyon walls is a ﬁne-%rained granite of excellent
quality although jointed to a considerable extent. The walls rise
grecipitously from river elevation to heights of from 1,200 to 1,500

eet and then continue upward on a flatter slope and more irregularly
to the higher peaks of the mountain range. :

5. The river through the canyon varies in width at low-water stage
from about 200 to 500 feet, the narrowest point being at the C dam
site. At low stage the water is about 10 feet deep. )

6. The results of the investigations made thus far indicate that
bedrock will be found at depths not exceeding 140 feet below low-
water surface. At the A site the greatest depth at which bedrock
was reached is 137 feet, while at the C site it was reached at 130 feet.
In general the river trench is filled with about 50 feet of boulders
overlaid by 70 feet of sand. The largest boulder encountered in
drilling was 10 feet through.

22
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7. Both sites have been pronounced geologically feasible for the
construction of a high dam by Geologist Fg L. Ransome, of the United
States Geological Survey. e A site has the appearance of being the
better dam site, as it is located in the more confined part of the
canyon, where the abutments are very massive. The C site, however,
has many practicable advantages which offset any advantages which
the A site may have. It offers a better solution for river diversion
during construction. It is more accessible, which will simplify con-
struction and result in asmaller unit cost of concrete. It islessconfined
and offers greater possibilities for construction plant. It offers a
better location for the power house, outlet works, and spillway. The
abutments are naturally adapted to the type of dam recommended
and are so shaped as to offer tﬂe greatest possible resistance to failure.
The volume of concrete in the dam is less for the type recommended
than at the A site, which taken into consideration with accessibility
should result in a considerably less expensive structure.

" TYPES OF DAMS.

8. Two general types of concrete masonry dams have been in-
vestigated—the gravity type and the arched type. On account of
the shape of the canyon at the most favorable dam site comparative
estimates show practically identical costs for the gravity and arch
dams, with a considerably greater cost for the power development
if the arch dam is used. It is considered that the gravity type is
simpler and more conservative in design and better suited te a dam
of such an unprecedented height. It is recommended that to give
additional security the gravity type dam should be arched in plan,
using the shortest radius that will fit the topography. With a
26,500,000 acre-foot reservoir the dam will have a maximum height
of 700 feet, of which 570 feet will be above the original low-water
surface. Its length at the base will be about 200 feet and at the top
1,130 feet. Witi a 31,400,000 acre-foot reservoir the dam will have
a maximum height of 735 feet, of which 605 feet will be above the
original low water surface. The length on top in this case will be
about 1,250 feet.

DIVERSION DURING. CONSTRUCTION.

9. The base of the dam in the deepest part of the river channel will
be from 130 to 140 feet below low-water level. It is proposed to
provide a by-pass for the river during construction with a capacity
of 50,000 second-feet. This by-pass will be through tunnels around
the south end of the dam connecting with the permanent spillway
outlet tunnels. Cofferdams will be built above and below the dam
site capable of diverting through the by-pass floods up to 50,000
second-feet and of being overtopped without serious damage by greater
floods. One type of cofferdam considered is a concrete arch with
its base on bedrock and its top at proper height to by-pass a 50,000
second-foot flood. It would be built in vertical sections sunk by
compressed air methods. Another method would consist of the
same concrete arch except that its base would be sunk as far as
practicable into the gravel and boulder formation lying beneath the
70-foot thick blanket of sand in the river bed. This method would
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dispense with compressed air and sink the section of the arch by
open dredging from inside the vertical shafts formed by the hollow
sections o% the arch, which would be filled with concrete when in
final position. A third method would be by adding to this main
cofferdam as many lower parallel cofferdams inside the main coffer-
dam as the excavation showed to be necessary.

10. The determination of the best type of cofferdam can be left as
a subject for further study after securing further data on the under-
water conditions by additional drilling at the site of the cofferdams.
The information now at hand shows that the depth to bedrock at
the dam site is within practicable limits and that the diversion of
the river during the construction of the foundation can be safely
effected.

SPILLWAY.

11. A spillway capacity of 200,000 second-feet has been tentatively
assumed and the spillway is designed to pass this quantity with a
flood-water surface elevation of 1,265 witllx) the 26,500,000 acre-foot
reservoir and 1,300 with the 31,400,000 acre-foot reservoir. With
an encroachment of 10 feet on the freeboard of the dam the spillway
capacity increases to 300,000 second-feet. Preliminary studies
indicate that these quantities can be safely passed through shafts
and tunnels in the Arizona abutment where topographical conditions
are favorable for a movable-crest structure. ith a reservoir of
either cagacity proposed, it is very improbable that the spillway
will ever be subjected to a flood as great as 200,000 second-feet and
it is certain that flood storage and control gates can be utilized to
limit the flood to a very much smaller quantity, probably to 50,000
second-feet. :

IRRIGATION AND FLOOD-CONTROL OUTLET WORKS.

12. The irrigation demand will require outlet gates of about 25,000
second-foot capacity. Preliminary studies indicate that this quantity
can be passed through 60—72-inc}Z Ensign balanced valves and that
these valves can be arranged at different levels so that they can be
operated under a maximum head of about 150 feet for irrigation
service. By utilizing the valves under higher heads a much larger
discharge capacity can be obtained for flood-control purposes. In
the plan tentatively adopted the balanced valves will be arranged
to discharge into the spillway shafts and tunnels. Emergency show
will be provided which will make the balanced valves accessible at
all times. A portion of the irrigation water would at all times pass
through the ]f)ower plant, which leaves a larFe excess capacity through
outlet gates for irrigation and flood-control purposes.

POWER DEVELOPMENT.

13. Preliminary studies have been made for power development
based on two different reservoir capacities, viz, 26,500,000 acre-feet
and 31,400,000 acre-feet.

14. The accompanying tabulation (Table No. 1) shows a compari-
son of the power output and other related data for the two alterna-
tive reservoirs, based on different assumptions as to lands irrigated
and to equated discharges for power development.
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formation before final plans are decided upon. The investigations
so far made have located the dam within such narrow limits that

further drilling can be confined to the area to be occupied by the base

of the dam and the cofferdams.

26. We recommend that as a preliminary to the final plans for the
dam and for the adoption of a method of river diversion during con-
struction, the area below the river level under the dam and coffer-
dams should be further explored by drilling to bed rock at least 35
holes, so distributed as to cover the entire area of the river channel
under the base of the dam and cofferdams and to permit of further
exploration by intermediate drilling when construction has been
finally determined.

A.J. WiLEY.

JamMeEs MUNN.
J. L. SAVAGE.
W.R. Youne.

SuPPLEMENTARY REPORT ON PowER DEVELOPMENT.

The foregoing report of Board of Engineers, dated May 26, 1921,
contains statement of power available on certain assumptions that
do not cover all possible contingencies. On request they have made a
supplemental report designed to show the maximum amount of
firm power that could be developed by regulating the water for this
purpose only. The results and the assumptions upon which they
are based are given in the following supplemental report.

Both these reports are preliminary, and are not to be understood
as final commitments to the heights of dam therein treated, or to any
details of design. It seems advisable at present tentatively to adopt
a flow line about contour 1250, as being the highest possible without
materially affecting valuable development in the valley of Muddy
Creek, and yet high enough to meet the needs of storage at this point
and to develop sufficient power to pay for it. ’

DENVER, CoLo., October 26, 1921.
From: Board of Engineers.
To: Chief engineer.
SuIl%]:ect: Supplementary report on Boulder Canyon Dam, Colorado
1ver.

1. Reference is made to the following:

R_Boa,rd report of May 26, 1921, on Boulder Canyon Dam, Colorado
iver.

Letter of July 8, 1921, from director to chief engineer; subject,
“Report of Board of Engineers on Boulder Canyon Dam.”

g{etter of July 13, 1921, from chief engineer to director, same
subject.

lI)J_el;l;er of October 21, 1921, from director to chief engineer, same
subject. .

2. Complying with the director’s suggestion as expressed in his
letter to you dated October 21, 1921, the undersi%ned Board of
Engineers has given further consideration to the subject of power
development in connection with the Boulder Canyon reservoir, and
it is desired to amend certain paragraphs of the report of May 26,
1921. These paragraphs are quoted below for convenient reference:
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about 35 miles to keep above the flow line of the reservoir. An-
other plan is to connect with the main line of the Salt Lake route
further west, at or near Las Vegas, Nev., distant about 40 miles.
Both of these lines reach Boulfer Canyon from the north. The
other possibility is to connect with the Santa Fe at Chloride, Ariz.,
the end of a 20-mile branch line which leaves the main line at Mec-
Connor Junction, Ariz. From Chloride to the south rim of Boulder
Canyon is about 50 miles. Further investigation is needed to decide
which location is most feasible.

CAMP SITES..

22. The adoption of either of the railroad lines already mentioned
will in a measure affect the location of a camp site. The size of the
job, the broken character of the country, and the climate, make the
location of a camp an important feature. Preferably the location
should be one which will not be submerged and within easy reach
of the work. While an ideal location may not be available there are
several feasible ways of meeting the situation for housing, shops,
storehouses, and yard room.

COST.

23. A preliminary estimate of quantities shows that the following
yardage of concrete will be required in the main body of the dam for
the two alternative reservoirs: .

Cubic yards.
26,500,000 acre-foot YeBEIVOIT. .. .o ocvn e inii ittt iiiaiiiaieaeeaann 2, 800, 000
31,400,000 acre-foot TeBEIVOIr. .. ...vueueii et eieiiieiaiiieineneaannan. 3, 500, 000

Following is the total estimated cost of the dam, including right of
way, railroad, camp, construction plant, river-diversion works, spill-
way, outlet works, and other minor features, together with the power
house and transmission lines:

Power plant.........
Transmission line

T 100, 000, 000

In these figures a liberal allowance has been made for contingencies.
With favorable conditions during the construction period the actual
cost may be somewhat less than this estimate.

CONCLUSIONS.

24. From the facts given above and from studies of probable cost
and revenues, we believe that the Boulder Canyon dam for the com-
bined purposes of flood control, irrigation storage, and power develop-
ment 18 physically practicable and financially feasible.

25. On account of the great construction problems involved in this
unprecedentedly high dam, it is advisable to secure all possible in-
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formation before final plans are decided upon. The investigations
so far made have located the dam within such narrow limits that
further drilling can be confined to the area to be occupied by the base
of the dam and the cofferdams.

26. We recommend that as a preliminary to the final plans for the
dam and for the adoption of a method of river diversion during con-
struction, the area below the river level under the dam and coffer-
dams should be further explored by drilling to bed rock at least 35
holes, so distributed as to cover the entire area of the river channel
under the base of the dam and cofferdams and to permit of further
exploration by intermediate drilling when construction has been
finally determined.

A.J. WiLEY.

James MuUNN.
J. L. SAVAGE.
W. R. Younea.

SuPPLEMENTARY REPORT ON POWER DEVELOPMENT.

The foregoing report of Board of Engineers, dated May 26, 1921,
contains statement of power available on certain assumptions that
do not cover all possible contingencies. On request they have made a
supplemental report designed to show the maximum amount of
firm power that could be developed by regulating the water for this
purpose only. The results and the assumptions upon which they
are based are given in the following supplemental report.

Both these reports are preliminary, and are not to be understood
as final commitments to the heights of dam therein treated, or to any
details of design. It seems advisable at present tentatively to adopt
a flow line about contour 1250, as being the highest possible without
materially affecting valuable development in the valley of Muddy
Creek, and yet high enough to meet the needs of storage at this point
and to develop sufficient power to pay for it. ‘

DenvER, CoLo., October 26, 1921.
From: Board of Engineers.
To: Chief engineer.
Suﬁject: Supplementary report on Boulder Canyon Dam, Colorado
1ver.

1. Reference is made to the following:
R‘Bos,rd report of May 26, 1921, on Boulder Canyon Dam, Colorado

iver. :

Letter of July 8, 1921, from director to chief engineer; subject,
“Report of Board of Engineers on Boulder Canyon Dam.”

lE{etter of July 13, 1921, from chief engineer to director, same
subject.

lI;_el;ter of October 21, 1921, from director to chief engineer, same
subject. . . .

2. Complying with the director’s suggestion as expressed in his
letter to you dated October 21, 1921, the undersi%ned Board of
Engineers has given further consideration to the subject of power
development in connection with the Boulder Canyon reservoir, and
it is desired to amend certain paragraphs of the report of May 26,
1921. These paragraphs are quoted below for convenient reference:
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POWER DEVELOPMENT.

13. Preliminary studies have been made for power development based on two
different reservoir capacities, viz, 26,500,000 acre-feet and 31,400,000 acre-feet.

14. The accompanying tabulation (Table No. 1) shows a comparison of the
power output and other related data for the two alternative reservoirs, based on differ-
ent assumptions as to lands irrigated and to equated discharges for power development.

15. A comparison of the amount of firm power and irrigated acreage resulting from
the various assumptions tabulated in connection with the 26,500,000 acre-foot reservoir
leads to the conclusion that all lands in the United States and the lands under the
All-American and Imperial canals in Mexico should be irrigated and that the power
development should be based on the minimum irrigation discharge of 13,500 second-
feet. is discharge with a minimum head of 360 feet will develop 486,000 turbine
horsepower of firm power. If a 31,400,000 acre-foot reservoir is provided and the same
lands irrigated the minimum discharge will be 14,300 second-feet, which, under a
minimum head of 394 feet, will develop 563,000 horsepower of firm power.

3. The statements made in the paragraphs quoted above were
based on a preliminary study of the Colorado River water supply
by Engineer }I)-Ia,rold Conkling 1n which it was assumed that a constant
flow would be released from the reservoir for power development.
A summary of Mr. Conkling’s preliminary study is shown in Table
No. 1 of the May 26 report.

4. Subsequent to the preparation of board report of May 26, 1921,
further studies were made by Mr. Conkling which indicated that
materially greater firm horsepower could be developed by a different
reservoir operation whereb}trl the amount of water released for power
is varied inversely with the head. Under such operation of the
reservoir, power water would be conserved at times of full reservoir
and high head for use at times of low reservoir and small head.

5. Attached hereto you will find two plates prepared by Mr.
Conkling showing the operation of Boulder Canyon reservoir of
31,400,000 acre-foot capacity as follows:

‘Plate XII. Operation of Boulder Canyon Reservoir based on the development of
1700,000 flilrm horsepower in connection with the irrigation of 1,505,000 acres in the

ower valley.

Plate XII-A. Operation of Boulder Canyon Reservoir based on the development of
600,000 firm horsepower in connection with the irrigation of 2,020,000 acres in the
lower valley.

Both plates are based upon the assumption that the efficiency
at the turbmes is 88 per cent and that the discharge at Boulder
Canyon is 1,500 second-feet more than the recorded flow at Laguna

am.

6. A review by members of this board of Mr. Conkling’s later
studies, including the plates attached hereto, leads to the following
conclusions:

(@) The diagram, Plate VI shown at Page 20 of the director’s
report, correctly represents the available firm horsepower at the
Boulder Canyon dam site.

(b) This board concurs in the statements made on page 14 of the
director’s report relative to power development, as fo}l)lows:

It is estimated that the feasible irrigation projects in the lower basin comprise
2,020,000 acres, of which about 60 per cent is in the United States and 40 per cent in
Mexico. The full development of the proposed projects in the upper basin will
subtract substantially from the total water supply, but there will still be left ample
water to irrigate all the lands of the lower basin if it is conserved and regulated in a
storage reservoir of ample capacity. The water can be used for power as drawn from

the reservoir and the amount of power that can be developed with different amounts
of storage capacity and with different assumptions of irrigated land below is shown
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by the diagram in Plate VI. It shows that with 1,505,000 acres of land in the lower
basin irrigated and with a total storage capacity of 31,400,000 acre-feet of which the
lower 5,000,000 is reserved for silt storage and the upper 5,000,000 is reserved for flood
control, it is possible to develop over 700,000 firm horsepower. With the entire
2,020,000 acres of irrigable land developed in the lower basin the possibilities are
still 600,000 firm horsepower, and besides this there is a large amount of secondary
power which is not constant but will be of considerable value.

7. In paragraph 23 of the board report of May 26, 1921, the cost
of Boulder Canyon reservoir of 31,400,000 acre-foot capacity is
shown as follows:

Dam.......... . $55, 000, 000

Power plant..... .. 25,000,000

Transpuission Hne. ........o it i e i 20, 000,
B3 7 100, 000, 000

The estimates for the ipower plant and transmission line were based
upon a development of 563,000 firm horsepower. No detail esti-
mates have been Frepared for the development and transmission of a
larger amount of power, but it may be assumed that additional
power can be developed and transmitted at the same cost per horse-
power as in case of the 563,000 horsepower development. The
resulting estimated cost of a 31,400,000 acre-foot reservoir in con-
nection with the two power developments indicated in paragraph 6
above is, therefore, as follows:

700,000 firm horsepower development:

Dam. . $55, 000, 000
Power plant. ... i 31, 000, 000
Transmission line......... e ettt e 25, 000, 000

4] 7 Rt 111, 000, 000

600,000 firm horsepower development:

1 N 55, 000, 000
Power plant...cooeoi i i 27, 000, 000
Transmission Hne......... ... 22, 000, 000

07 104, 000, 000

A. J. WiLEy.
JaMES MUNN.
J. L. SAavaGE.
WaLker R. Youxa

1
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AprPENDIX B.

WATER SUPPLY AND DEVELOPMENT.

Colorado Basin contains over 6,000,000 acres of irrigable land for
which water supply is sufficient; about 38 per cent was irrigated in
1920.

STATISTICS.

TABLE No. 1.—Political (State) divisions of Colorado Basin.
Square miles.

R ()1 % Y- SN
Co{orado ...............................................................

Total, United States
Y I 1 < T Y

TABLE No. 2.— Upper basin—Acreage irrigated and irrigable in future.
SUMMARY BY RIVER BASINS.

SUMMARY BY STATES.

Additional
States. Ir{‘ tfd possible Total.
[ ] - toirrigate.

WYOIMING - - < - oeeceeeeeneeeeeeeeeaneeneaeesanreeanaaneaneann
Col orad?f. . .
Utah

! From United States census, modified by data from State engineers.
93715—S. Doc. 142, 67-2 4 31
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TABLE No. 3.—Lower basin—Acreage irrigated and irrigable in future.
SUMMARY BY AREAS.

SUMMARY BY STATES AND POLITICAL DIVISIONS.

United States:
Nevada? 1,000 1,000 2,000
156,000 ( 73,000 | 279,000
358,000 | 123,000 | 939,000
Total, United States..... eeeeteaieeena 508, 000 515,000 | 197,000 | 1,220,000
Total, MEXICO. e eenearnnnnnssmnssmnssos s eee s 190, 000 547,000 | 63,000 | 800,000
. 698,000 | 1,062,000 | 260,000 | 2,020,000
GilaBasin, Arizd. .cooieeiiiieirnnieniiiiiiiiiiiiiiiiiieaes ! 400,000 |.......... 830, 000
1 Items are feasible now.
3 Recently the State en, ineer has reported 80,000 acres additional possible irrigation in Nevada, of
whlch 30,000 are in lower
s From information turnished by State water commissioner and has been given no study since it does

not affect the general problem.
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TABLE No. 4.—Summary of irrigation, entire basin, by political boundaries.

Irrigated, ; Additional Total.

19201 " ! “possible.

United States: |
Wyoming. . 543, 000 910, 000
o.. 1,018,000 1,758,000
...... 456, 000 815, 000
New Mexico . 483, 000 517,000
ATIZODA. ...t ieiiieii e eaaa 676, 000 1,177,000
Nevada . ... e 22,000 7,000
California. ... ... ... it 481,000 939, 000
Total, United States... .. 3,659,000 | 6,123,000
B 5 T 190, 000 610, 000 800, 000
Total. .o e 2,654,000 | 4,269,000 ( 6,923,000

Total:

Upper basin. 1,530,000 | 2,550,000 | 4,080,000
Lower basin 700,000 { 1,320,000 i 2,020,000
Gila Basin. .. 430, 000 400, 000 , 000
B 12,660,000 | 4,270,000 | 6,930,000

1 From United States census, modified by data from State ens}neers.
2 Recently the State engineer has reported 80,000 acres additional possible irrigation in Nevada, of
which 50,000 acres are in the upper basin.

TaBLE No. 5.—Estimated additional acreagGizhzbh will be irrigated in near future ercept

Acreage
under | cppcq 4. | Class X. | Total.

287,000 | 521,000 | 1,008,000
474,000 | 4,000 | 710,000

761,000 | 525,000 | 1,718,000

DRAFT ON WATER SUPPLY.

The discharge of the Colorado at Yuma has been reliably recorded
since and including 1903. Before that the meager records are faulty
and can not be used. However, a period ofafow run-off preceded
1903, and it has been necessary to estimate back to 1899 to include
the low period. Estimates have been made by various authorities
and those of John T. Whistler are used here. at is really wanted
is the discharge at Boulder Canyon, and from the record at Yuma this
can be determined approximately by the following steps:

(@) The discharge of the Gila, which enters the Colorado just above
the gaging station at Yuma, must be subtracted.

(b% %%e diversion for Yuma project, which is made at Laguna
Dam, also above the gaging station, must be added.

(¢) The water consumed by irrigation of the 39,000 acres irrigated
below Boulder Canyon must {e added.

(d) The loss by evaporation from the river bed and from the
200,000 acres below Boulder Canyon, which is perennially submerged,
must be added.

Items (¢) and (b) are recorded and the adjustment can be made.
Item (¢) is very small on the average, since this acreage has not
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always been irrigated but has been gradually increasing to the
present figure. This may be neglected. Item (d) will vary with the
annual flow and must be very large in the high years. But as the
years which determine the size of the reservoir are the low years, the
error will be the minimum. A part of this land will be reclaimed
and irrigated, and the floods, if Boulder Canyon is built, will cease
to exist, so that a considerable error is introduced in the conservative
direction by neglecting this indeterminate amount.

The discharge at Boulder Canyon having been calculated, the next
step estimates what it would be were this same cycle of years to
recur after the development of the upper basin has been completed.
The following items must be subtracteg :

(1) The average amount of water which has been consumed by
increased irrigation above during the life of the record.

(2)dThe average increase in diversions from the basin during the

eriod.
P (3) The future estimated consumption of water which increased
irrigation above will bring about.

(4) The estimated increase in water diverted from the basin.

(5) The increased evaporation from the surface of reservoirs in the
canyon region for power regulation and from the backwater caused
by dams built to create power head.

Increased development above—Items 1 and 2.—Various dependable
estimates of irrigation above are as follows: 1902, 665,000 acres; 1915,
1,127,000 acres; 1920, 1,526,000 acres; increase, 1902 to 1920, 861,000
acres. A large amount of this is in wild hay, the water consumption
of which is small, but the increase in the lower Grand and Gunnison
valleys was also large and here the land has been allowed t6 become
seeped, making a heavy consumption. It is assumed that the con-
sumption has averaged 1 to 3 feet in depth per acre and that the
increase in irrigable land has been gradual since 1902. It is also
assumed that this same gradual increase extended back to 1899.

In 1902, diversions out of the basin were 7,000 acre-feet. In 1920,
they were 127,000 acre-feet, an increase of 120,000. Placing these
two items together, if the same cycle repeated itself, it is estimated
that the mean annual discharge would be 730,000 acre-feet less than
récorded. , '

Future estimated consumption of water—Items 3 and 4.—Future
consumption of water for irrigation will vary from 1 foot in depth
for wild hay to probably 2 feet in such areas as the San Juan in New
Mexico and 2.5 feet in the warmer climate of the Virgin Basin. Itis
believed that the ﬁﬁures used for consumption in the following table

- are sufficient to include evaporation from local reservoirs which will
be used for irrigation. They are not large enough to include an
excessive evaporation from seeped lands. However, the upper
basin, as a rule, has good natural drainage and it is assumed that if
it becomes feasible to irrigate the expensive projects included in the
list of ultimate acreage, drainage of any seeped lands which may
exist will precede such development, since it would be less costly
to reclaim such lands by drainage.

The estimated depletion of the stream by development above con-
siders storage in reservoirs and draft from them as compared to
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local stream flow. It also considers return flow in the annual régime
observed on Reclamation Service projects. The effect of irrigation
in the upper basin on discharge in the lower river will be a smoothing
out of seasonal and annual irregularities, both by storage in hold-over
reservoirs and storage in the ground beneath irrigation projects.
In the years 1902, 1903, and 1904, the run-off was so smallpthat in
the upper basin the average project would hardly have had half its
supply and this would have reduced consumptive use in those years by
possibly 25 per cent. This has been taken account of in calculations.

The acreages estimated as irrigable include a few duplications;
the most conspicuous example is that of the water supply of the
Virgin River. This river rises in Utah and receives most of 1ts water
supply in that State. It is possible to use this water in Utah,
Arizona, or Nevada. All three States propose such use to an extent
that in the aggregate will greatly exceed the available water supply
The acreages 1n lﬁl are incﬁded, but only of course the actual water
supply of the Virgin River. :

TaBLE No. 6.—Estimated future depletion by development— Upper basin.

Consumption per acre, 1.54 acre-feet. Estimated depletion for
1902, 1903, and 1904, 3,180,000 acre-feet.

INCREASED EVAPORATION FROM POSSIBLE RESERVOIRS FOR POWER
IN CANYON REGION.

At first thought it would seem that power development above
would not decrease average water su;:f)ly elow, but with conditions
for power development on the Colorado as they are the toll of water
will be large. Head for power will be developed mostly by con-
structing dams in the river channel, and these will create large areas
of water surface to be exposed to the evaporation of this intensely
arid region. Large reservoirs also must be built to equate the
discharge for these dams.



36 PROBLEMS OF IMPERIAL VALLEY AND VICINITY.

TABLE No. 7.—Possible reservoirs.

1 Area is only roughly approximated by comparison with other sites.

SUMMARY IN ROUND FIGURES. cres

Green RiVer. ...ttt ittt iiiaiietatitaacatetnaacaaaaeaseacnsnanacnaaaaaan
Grand River...... ..
Colorado River.

These are either power sites or power sites combined with lar%e
regulating reservoirs. In the power sites water will always be held
at the top level and in the regulating reservoirs near the top, so that
water will be in the reservoir for the low year.

A part of this area is already occupied by the stream, so that
additional evaporation needs only to be considered.

Assuming, roughly, that additional evaporation will take place on
75 per cent of the above maximum areas and assigning values, the
following table results:

TasLe No. 8.—Estimated future depletion by evaporation from reservoirs.

(i\ nntlxmlt Total
o epth o ot
River. Area. | ovapora-| amount.
tion.
S
. Acres. Feet. Acre-feet.

Green River.. 15, 000 3 450,
Grand.... . 4 120,000
Colorado.. 5 1, 500, 000

Total...... R ISR AR 2,070,000
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TABLE No. 9.—Auverages 1903-1920.

. Acre-feet.

Average discharge of Colorado at Yuma, 1903-1920..................... 17, 400, 000

Diverted above by Yuma project. . ......cciiiuiiiiiiiiiiiiiiia.. 150, 000

. Totaldischarge. ..... ... i 17, 550, 000

Discharge of Gila. . ... .ot 1, 080, 000

- Estimated at Boulder Canyon........coooooviiiuiieiieinaininan.. 16, 470, 000

Pastdepletion ' ... ... 560, 000

Remainder at Boulder Can&on ................................... 15, 910, 000

Future depletion:

Development, upper basin............. ... ... 4, 230, 000
Reservoirs in canyon section..........ccociiiiiiiinan.n 2,070, 000

——— 6,300,000

Remaining wator. . ......ooooiiii it 9, 610, 000

The above table is for the years 1903 to 1920, which leaves out the
low cycle preceding. However, it is probable that no' reduction in
average amount of water would result if that period were taken into
the cycle because consumption would be less in the upper basin and
evaporation less in the regulating reservoirs along the river. At
Boulder Canyon, for instance, the reservoir contents would be so
depleted that the average submerged area would be about 60 to 70
per cent of that normally submerged. ’

DEMANDS ON WATER SUPPLY.

The demands on water supply at Boulder Canyon will be for irri-
gation of the entire irrigable area below, both now irrigated and
estimated additional, plus evaporation from reservoirs at Boulder
Canyon and below. is last item has been already used in esti-
mating the water supply in the previous computation so that only
irrigation demands remain to be considered.

Data at hand indicate that water consumed annually in Imperial
Valley for crop growth averages somewhat less than 3 &et in depth.
Hence, if conditions were favorable for reuse of return flow, there is
enough water for approximately 3,000,000 acres. But conditions
are not favorable for reuse of return flow at least by diversion from
the river as, after Laguna Dam is passed, most of the irrigable land
does not slope toward the river.

In the Imperial Valley there should be some dependable seepage
or return water in the drainage channels and perhaps some surface
water which can be reused, but because of the peculiar topographical
features of the region this will be comparatively small.

The following assumptions are made: Annual gross demand for
irrigation, gravity, 4.40 acre-feet per acre; pump, 3.50 acre-feet per
acre. Annual net demand above Laguna Dam, consumptive use, 3
acre-feet per acre. :

1 Less than given in previous estimates, because embracing a shorter period of time.



38 PROBLEMS OF IMPERIAL VALLEY AND VICINITY.

TABLE No. 10.—D+version duty.

[Acre-feet per acre.]
i iz
Pump-| Grav- | ,8Pove Pump-| Gray- | BPove
Month. l“;gp i:g‘., Iﬁgﬂa Month. lng.p 'l{;‘.? 135:11:3
1‘ net. - net.
0.12 0.10 0.40 | 0.50 0.35
.22 .10 .33 .42 .30
.40 .35 .24 .30 .15
.44 .35 .14 .18 .10
.52 .35 .08 .10 .05
.60 .45 -
.60 45 Total.............. 3.50| 440 3.00
TaBLE No. 11.—Estimated futuré demand. :
Acres.
United States, all lands. ... ....oovnetiiii et ie e iieeeanennn 1, 220, 000
Mexico:
Imperial Canal. ... ... ..o i it 255, 000
All-American Canal......... .. ... iiiiiiiiiiiiiiaaaiaan.. 30, 000
285, 000
B0 ) N 1, 505, 000
' ACRE FEET.
1 Net.
TABLE No. 12.—Estimated ultimate demand.?
Acres.
United SEREOS. - « . eneeteem e e e e et 1, 220, 000
DL =5 4 T «... 800,000
BT 7 2, 020, 000

1 All lands below Boulder Canyon,
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TaBLE No. 12.—Estimated ultimate demand—Continued. v
ACRE FEET.

2 Net.

Although all of the foregoing estimates and assumptions rest on
many uncertainties, the general conclusion may be drawn in the light
of present knowledge that the water supply of the Colorado is equal to
all the demands which will be made on it.

STORAGE REQUIRED.

Should the upper basin and power in the canyon region develop
as has been outlined, consideration of the matter leads to the con-
clusion that storage will be needed only of sufficient amount to regu-
late the river for irriﬁation after it has passed through the large
regulating reservoir which may be possible at Lees Ferry just below
the San Juan, and also to regulate the 1,330,000 acre-feet of inflow
below the reservoir.

It is, however, apparent, as was stated %’eviously, that a reservoir
primarily for irrigation will be needed at Boulder Canyon, otherwise
there will arise a continued series of troubles from conflicts between
the lower basin and the power developments or between the lower
basin and upper basin irrigationists.

It is necessary to adopt a working hypothesis for a basis in consider-
ing what is necessary to be done with the river. Accordingly, the
problem has been worked out for three plans.

(1) To provide storage which will be necessary when the most -
feasible irrigation developments in both the upper and lower basins
have been made. This is the minimum storage which should be
Provided. In the last five years the average Increase of irrigated
and in the upper basin has been 80,000 acres yearlyl'. This took
place under the impetus of war prices, and it is unlikely that it will
exceed that average for some time to come. At the same rate the
1,000,000 acres of most likely land would be irrigated in less than 15

ears. In the lower basin there are 710,000 acres of land which are
nown to be feasible at the present time if the necessary works on
which they are mutually dependent can be financed. The time for
reclamation of these lands may not exceed 15 years at the present
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rate of increase of 50,000 acres per year, so that storage which might
be developed under this plan may take care of the situation for only
15 years.

(2) To provide the maximum storage which will be needed for
ultimate irrigation development if no power reservoirs are built in the
canyon region.

(3) To provide for complete regulation of the river with the idea
that surplus water be used to develop power at Boulder Canyon and
that later as develorment above decreases the discharge available,
release for power will be decreased. To compensate for decrease in
release for power there will be less capacity in the reservoir which
must be reserved for storage and consequently more head available
for power. This works out satisfactorily, especially if the Boulder
Canyon plant is tied in with one above where discharge can be regu-
lated according to power needs.

PLAN 1. MINIMUM STORAGE DEVELOPMENT.

v Acres.
Upper basin—addétional acreage........... ... ... .. il 1, 008, 000
Lower basin:!

Present acreage. . ... ..o 698, 000
Additional acreage........... .. ... .. ...ii..... 710, 000
1, 408, 000
) O 2,416, 000

TABLE No. 13.—Estimated demand for most feasible acreage.

[Acre-feet. Based on 5 feet duty for lower basin because of no necessity for economy.]

%ovyer Epper l II;o'.\jer ‘gpper

asin, asin, asin, asin,

1,408,000 | 1,008000 | Total [ 1,408,000 | 1,008, Total.
acres. | acres total.? I acres. | acres total.3|
260,000 |............ 260,000 |' August....... ., 800,000 160,000 | 960,000
200,000 '............ I 200,000 || September.....; 730,000 160, 890,000
610,000 ............ 610,00 © October... 3 ! 530,000
670, 000 80, 000 750,000 ; November ,000 .. ._....... 380,000
680, 000 380,000 | 1,060,000 [ December...... 110,000 |............ 110,000
870,000 400,000 | 1,270,000 i
870, 000 320,000 | 1,190,000 |1 Total..... 6,630,000 % 1,580,000 | 8,210,000

TaBLE No. 14.—Storage required for most feasible acreage neglecting evaporation from

reservoir.

Acre-feet. Acre-feet.
1899 . . il 460,000 | 1910. ... ... ... ..iiiii.a.-. 410, 000
1900. . coooe il 1,660,000 | 1911. ... . ... ... .......... 380, 000
1901 . ..., 1,410,000 | 1912. ... ... ... ..... 330, 000
1902. ... 2,340,000 | 1913 . .. ... ... ..i..o.. 810, 000
1903 . ..l 1,010,000 | 1914. ... ... .. ... ......... 320, 000
1904 . ... 440,000 | 1915. ... .. ..ciiiiiiiiiiaa.. 1, 000, 000
1905 . oot 980,000 | 1916. ..... ... ... i oo.. 200, 000
1906 . ... 250,000 | 1917 ... ... ... ..iiiiii..... 370, 000
1907 . oot 1918 . il 770, 000
1908 . . 290,000 | 1919. ... ... ..iiiiiiiiii.o.. 1, 030, 000
1909 . . i, 1920 . ..l 460, 000

1 Consists of those items shown as ‘‘feasible now’’ in Table 3, p. 32.
2 Assumed that withdrawals for storage balance return flow out of irrigation season.
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PLAN 2. MAXIMUM STORAGE NEEDED FOR IRRIGATION DEVELOPMENT.

Acres.
Upper basin, additional acreage..............c..ooiiiiiiiiiiiiilLL 2, 547, 000
Lower basin:
Present acreage......... ..ol 698, 000
Additional acreage. . ......cciiiiiiiiiiiii et 1, 322, 000
. — 2,020,000
077 R . e eeeeecenceccacacanannn 4,567,000
TaBLe No. 15.—Estimated demand for ultimate acreage.
[Acre-feet.]
Upper Lower U Lower
badn. | basm, | Total: badn. | basi, | Total
Acres.......... 2,547,000 | 2,020,000 | 4,567,000 {| June........... 1,740,000 | 1,140,000 | 2,880,000
Demand (acre- X July..cceaeannnn 710,000 | 1,140,000 | 1,850,000
feet per acre). 154 4.10 2.68 || August......... 210, 000 950,000 | 1,160,000
September. .... 60, 000 800, 000 860, 000
January. 230, 000 250,000 || October........ <20, 000 550, 000 530, 000
February. 400, 000 430,000 || November..... +40, 000 330,000 290, 000
arch.. 780, 000 830,000 || December...... +10,000 | 150,000 140, 000
.l&‘prﬂ... 850,000 | 1,190,000
ay.... 980,000 | 2,120,000 Total..... 14,230,000 | 8,300,000 | 12,530,000

1 Of this total, 317,000 acre-feet is for diversion outside the basin.

TaBLE No. 16.—Storage required for full irrigation development, evaporation neglected.

Acre-feet. Acre-feet.
530, 000 2, 630, 000
2, 510, 000 460, 000
2,510, 000 300, 000
13,540, 000 1, 850, 000
11,380,000 290, 000
12710, 000 1, 260, 000
y 02U, 170, 000
380, 000 340, 000
940, 000
1, 790, 000 2, 850, 000
1909, .. .. eiaeann. 470, 000
PLAN 3. COMPLETE CONTROL OF THE RIVER.
Average annual discharge at Boulder Canyon after allowance for past Acre-feet.
depletion 8boVe. ..cuu oo it i iiei i 15, 700, 000
Average future depletion from upper basin..........................L. , 030, 000
Ultimate discharge.......coeneuenimieniiiiiiiiiiiiiiann. 11, 670, 000
Mass computations give the following results: Acre-feot.
Average annual draft......cconeiiieiiiiiiiiiiii i 11, 670, 000
Storage required for complete control........... ...l 25, 000, 000
Average annual evaporation (5-foot depth)............... et 520, 000
Average useful annual draft......... ... oLl 11, 150, 000
Ultimate irrigation needs lower basin...............cooiiiiiiiiiin.l, 8, 300, 000
Used for pOWer. . ..ot et eaees 2, 850, 000

11In the years marked thus, the entire run-off is short by the amounts shown. To supply this it is
necessary to carry over water from 0&;‘evious years which detail calculations, including evaporation of
5 feet in depth, show will require 11,000,000 acre-feet of storage
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POSSIBLE RESERVOIR SITES.

Two major plans have been proposed for the regulation of waters
of the Colorado:

(1) A series of reservoirs on the major tributaries below irrigation
development. 0 -

(2) A large reservoir at Boulder Canyon. B |

There are many obvious reasons why a reservoir at Boulder Canyon
has the best strategic location. The most striking of these are:

(1) It is nearer to the areas which will use the water and therefore
irrigation supply can be better controlled.

(2) It will control the floods which menace the Lower Basin (dis-
cussed later). '

(3) It will not impose restrictions on any power development on
the upper basin as would a reservoir for Imperial Valley located on
one of the tributaries.

Although it is apparent that the solution of the ultimateJdevelop-
ment of t%e Colorado lies in a reservoir on the lower river rather than
on the tributaries, the possibilities in use of upper reservoirs is"here
discussed in order to bring out their inadequacy and because fas a
temporary expedient it may be necessary to have recourse to one of
these reservoirs.

TaBLe No. 17.— Major storage sites in Colorado Basin for use of lower basin.

1 Any capacity. 2 Not yet determined.

Of the foregoing the following are of doubtful availability: @®

Brouns Park.—Because it is only a short distance below Flaming
Gorge, would control the same water, and has unsatisfactory founda-
tion.

Ouray.—Because of large cost in getting to bedrock, and also be-
cause it would flood the location of the Moffatt Railroad, which.is
now }iqrtially built and which is expected at some time to be built
into this region.

Kremling.—Because it is now occupied by the Moffatt Railroad,
which has built through the reservoir dam site and would be costly
to remove.
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- Bluff.—Site would not be satisfactoll;y for irrigation because of
large silt discharge compared to size. Furthermore, the entire flow
of the San Juan, except in extremely high floods, can be used for
irrigation in the lower basin. The Bluff could be used as a detention
reservoir.
Junction.—Because of lack of foundation.
Bedrock.—Because irrigation above will exhaust the tributary flow.
b?ummg up, the following reservoirs have been found to be suit-
able:

Capacity in acre-feet.
Explored: :
Flaming Gorge-Green. . ............ciciiciimiimaiieiaaannacacnns 4, 000, 000
Juniper-Yampa. . ..ot aaaea 1, 500, 000
Dewey-Grand.......coiiiiiiii ittt 2, 270, 000

The sum total of the known feasible capacity is 7,770,000 acre-feet,
but silt storage is required at Dewey to take care of the 10,000 acre-
feet passing that site yearly, and if 770,000 acre-feet is reserved for
this purpose there remains only 7,000,000 acre-feet of water capacity.

For plan 1, which is only a temporary expedient, any one of these
reservoirs would be approximately sufficient. However, the amounts
of storage necessary as calculateg for that plan should be increased
by about 20 per cent to provide for increased difficulty of regulation
from a reservoir so distant and to provide for evaporation loss
from the reservoir surface, so that if Dewey or Juniper were used,
there would be shortage in 1900 and 1902. '

A serious objection to the use of Juniper or Fl Gorge is the
interference with potential power at the sites and below. There
exists a necessity for early addition of power development in that
vicinity, and the value of the sites woulg be largely impaired if the
flow of those rivers were regulated for irrigation.

The potential power on the Yamﬁ)a at the present time is 245,000
horsepower and on the Green to the mouth of the Yampa 260,000
horsepower. Reconnaissance has indicated that there are possible
sites on the Yampa below Juniper, whereby 730 feet of head can be
developed and on the Green 800 feet.

This objection does not apply to the Dewey, since the flow is large
and it is probable that a reservoir for irrigation would so regulate
. the flow as to make a valuable power site at that point. The con-
clusion is, therefore, that if a partial development should be found
necessary, Dewey reservoir would answer the purpose with material
benefit to all interests.

For plan 2, about 3,000,000 acre-feet capacity will provide the
necessary storage except in the low cycle 1902-1904. is capacity
exists at Flaming Gorge, but the stream flow available, which aver-
ages 1,920,000 acre-feet annually now and which estimated irriga-
tion above will reduce to about 1,100,000, makes it useless for so
large a storage, except as a holdover reservoir which would retain
all the discharge until full and remain full until needed for a low
cycle of years. A plan of operation for a combination of the three
reservoirs—Dewe{, Juniper, and Flaming Gorge—is as follows: Dewey
emptied first would provide for 14 years of the 22 without draft on
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other reservoirs. Draft on Juniper next would provide for four
more, and Flaming Gorge, acting as a holdover reservoir, could
provide approximately for all the rest except 1903 and 1904, when
shortages to the full amount shown would be felt, of 17 per cent and
33 per cent, respectively.
hat has been said as to power under plan 1 applies more

cogently to this because the value of all power sites on the entire
Yampa, while not destroyed, would be seriously impaired because
they could use only Little Snake River water. On the Green, until
the Yampa is reached, they would be totally destroyed and seriously
impaired below that. :

n addition, the upper reservoirs will provide insufficient flood
control of the Lower River.

FLOOD CONTROL ON THE COLORADO.

Floods in the lower Colorado come from three sources: (a) The
Gila Basin; (b) the intermediate area between the San Juan and the
Gila; (c¢) the headwaters of the Green, Grand, and San Juan.

The first gives floods in January and February, as a rule, but they
are very erratic. They are also heavier than floods from other
sources, but are of short duration. The second area gives floods of
similar nature and they are possibly as severe as from the Gila, and
they are likely to come at times when they might coincide with the
Gila and thus be especially destructive. In the period of record
there was one flood of about 70,000 second-feet in February, 1920,
most of which probably came from this source, but to date records
are not a,vailabqe from the upper streams by which the source can
be determined. Floods from the third area, the upper tributaries,
occur practically every spring and are of long duration. They
start with the melting snow on the slopes of the Continental Divide
and its spurs in Colorado, Utah, and yominﬁ.

Floods from the first source can be controlled only by a reservoir
near the mouth of the Gila, from the second by a reservoir below
Virgin River, and from the third by reservoirs either on the major
tributaries or lower down on the main river. A reservoir below the
Virgin would control floods from both areas 2 and 3.

ood control by storage will have to be supplemented by levees.
It is estimated that if the floods could be controlled to a maximum
of 50,000 second-feet a satisfactory levee system could easily be
maintained. When ultimate development takes place the floods will
be reduced by storage for irrigation in the upper basin, and by storage
in canyon area for power. fn round figures the flood control neces-
sary under present conditions is 8,000,000 acre-feet.

’IYhere is hikelihood that more severe floods occur. So far as gage
records give information, exceptionally high water occurred in 1884,
1905, 1906, 1907, and 1909, with 1909 the highest during the-spring
floods. Gage heights at Yuma are not entirely conclusive, as there
is some evidence that the river bed raised 3 feet at Yuma between
1884 and 1909, which, if true, would indicate a very heavy flood in
1884. This would corroborate other evidence bearing on 1884, which
is as follows: :
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(@) Grand River (principal tributary to Colorado): Gage in 1884
read at peak was 18.5; highest since, 1n 1909, was 15, indicating a
flood with possibly twice as high a peak as the 1909.

(b) Cache La Poudre River (heading on opposite side of Rockies
from the Grand): 1884 was highest year ever recorded. -The next
highest was 1909. In May and June of 1884 total discharge was 68
per cent greater than in 1909. -

(¢) Columbia River was higher in 1884 than in 1909, although the
difference for entire year was only 7 per cent.

The inference from the foregoing is that there was surely a high
flood on the Grand, that it may have continued through May and
June, and that probably heavy discharge occurred throughout the
West, making it possible that the Green and San Juan both were in.
heavy flood at the time.

A 50 per cent greater flood continued as long as that of 1909 would
require for control to 50,000 second-feet storage capacity of 12,000,000
acre-feet for present conditions on the river and 7,000,000 acre-feet
for ultimate conditions.

A baflling feature of estimate of flood control necessary is the great
variation in discharge with the same gage. It would be conserv-
ative, however, to estimate that a 9,000,000 acre-foot capacity always
reserved for flood control would bring the largest flood down to 50,000
second-feet and a 5,500,000 acre-foot capacity would reduce the
largest flood to 75,000 second-feet.

ecessity for building capacity specifically for flood control de-
creases as reservoirs approach that capacity necessary for complete
control of the discharge, and if development takes place as outlined,
floods on the Colorado will be taken care of without reservation of
much capacity in Boulder Canyon reservoir for this purpose.

FLOOD CONTROL ON THE GILA.

Control of the Gila for floods can be completely accomplished only
at Sentinel reservoir site. The worst flood of record occurred from
January 20 to February 3, 1916, during which time the peak reached
almost 200,000 second):feet and the entire discharge was 2,373,000
acre-feet.

The following shows the storage necessary to reduce the discharge
to various figures:

Discharge (in second-feet): Storage necessary.
10,000 - -« - o e e e e el 2,100, 000
200000 - -+ oo oo 1, 800, 000
30,000, - . ..t 1, 500, 000

1000 - -+ oo e e 1,200, 000
57031111 900, 000

With control of the Colorado River by reservoirs on the tributaries
and with floods from the Gila probably occurring at the same time
that floods occur from the intermediate basin lI;glow the San Juan,
there would be necessity for reducing the floods of the Gila perhaps
to as low as 10,000 second-feet in order to avoid simultaneous ﬂomﬁ.
But with the Colorado River reservoir at Boulder Canyon such
necessity would not exist, and the discharge could be permitted to
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average during the filling period probably 40,000 second-feet with
safety, reducing the necessary size of the reservoir by 900,000 acre-feet
for the year 1916.

The possibility of financing the Sentinel reservoir seems remote,
and its feasibility is doubtful?? om an engineering standpoint. With-
out it to control’ the Gila, control of the Colorado River alone will
not be fully effective, although necessax;y. That is, if the Sentinel
reservoir is not built, large expenditure for levees to protect against
extraordinary floods below the Gila must still continue, whether the
Colorado River itself is controlled or not.



ArpENDIX C.
IRRIGATION AND DEVELOPMENT, LOWER BASIN.

AsTused here the term “lower basin” indicates the portion of the

Colorado Basin below Boulder Canyon, but excludes the Gila, the

. gatprs of which are not available for the development of the lower
asin.

The lower basin in its characteristics is entirely different from the
upper basin. Its valleys are arid and nearly frostless, with irrigation
necessary the year through. The mean annual temperature is 74° F.,
and the mean annual precipitation is 3 inches.

Its soils are recent unconsolidated silts, mostly very fertile and
easily eroded.

Its transportation needs are well served by the Santa Fe and South-
ern Pacific railroads. '

As a whole, also, reclamation of the lands of the lower basin by
irrigation must be accompanied by flood protection. .

or discussion, the lower basin conveniently divides into two parts:
That above Laguna dam, the head of the Yuma project canal, and
that below Laguna dam.

ABOVE LAGUNA DAM.

Below Black Canyon, which is a continuation of Boulder Can-
yon, the river leaves the plateau and canyon region, where it has
flowed in the immense canyons which characterize its whole middle
course. It then enters a region of irregular mountain chains and

- valleys which continues until Laguna dam is reached. Long, narrow
valleys alternate with canyons. The irrigable lands which can be
reached by gravity lie in the flood plains of the river, from which the
generally rough and broken valley sides rise stee}l)hy to confining moun-
tains or hills. The fall of the river below Boulder Canyon averages
1.75 feet per mile, so that it is not possible to reach by gravity
any land other than that in the flood plains unless a high diversion
dam is constructed, and such a diversion' could be made only at
immense cost. Throughout most of its course irrigable lands can
not be reached by practicable gump'mg lifts, but at one place, the
Chucawalla Valley and Palo Verde mesa, a lift of 230 feet will reach
a considerable area of land.

A part of these flood plains is subject to periodical overflow, for
protection against which levees are required.

93715—S. Doc. 142, 67-2——5 47
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BELOW LAGUNA DAM.

This comprises Imperial Valley, the Yuma project, and the delta.
lands in Mexico. The major part of that on the west side of the
river lies below sea lével. On the east side the irrigable lands lie
either on the river’s flood plains or on mesas which can be reached
by ﬁumping. The area as a whole is very compact.

e -outstanding feature is Imperial Valley and the possible
extensions therein are described fully in the following pages.

Lower basin.
[Acres.]
Net area.
Gross. Irri Addt Total
: area. | gated, | tional | jgmgpe
Gravity. | Pump. | Total. 1920. | possible.
UNITED STATES. :
Above Laguna Dam: l
Cottonwood Island, Nev. ‘
and Calif 7,000 1,000 | 3,000 4,000 4,000 4,000
48,000 24,000 ' 3,000 27,000 27,000 27,000
Calif...oooooon. .. R 5,000 4,000 ......... 4,000 4,000 4,000
Parker project, Arizona..| 121,000 104,000 | 6,000 110, 000 4,000 106, 000 110,000°
Palo Verde Valley, Calif_.| 95,000 | 78,000 oesoraace 78,000 | 35,000 | 43,000 78,000
Palo Verde Mesa, Calif...| 45,000 [...........} 18,000 18, 18,000 18, 000
Chucawalla Valley, Calif..| 136,000 |........... 44,000 44 44, 000 44, 000"
Cibola Valley, Ariz....... 19, 000 16,000 (......... 16,000 |. 16, 000 16,000
Isolated tracts, Arizona. . . 4,000 ,000 | 3,000 4,000 4,000 4,000
Total........ccovune... 480, 000 228, 000 L 77,000 305,000 | 39,000 266, 000 305, 000"
Below Laguna Dam:
Yuma project, Arizona
and California. . .| 130,000 | 69,000 { 61,000 | 130,000 | 54,000 76,000 | 130,000
Imperial Irrigati s- X N
trict, California......... 604,000 | 515,000 |......... 515,000 | 415,000 | 100,000 | 515,000
Imperial Valley exten-
sion, California—
East Mesa............ 124,000 | 36,000 160, 000
Dos Palmas. . .. .. 5,000 i......... , 000
Coachella Valley...... 72,000 |......... 72,000
West side............. 123,000 10,000 | 23,000 33,000
Total............... 795,000 | 120,000 915, 000
Total United States.| 1,744,000 | 1,023,000 | 167,000 | 1,220,000 | 508,000 | 712,000 | 1,220,000-
MEXICO. '
Under Imperial Canal.. ...... 340, 000 255,000 |......... 255,000 = 190,000 65, 000 255,000
Under All-American Canal. .. 43,000 22, 000 8,000 30,000 I......... 30,000 30,000
Delta South of Volcano Lake
and Bee River..............|..c........ 250,000 |......... 250,000 |......... | 250,000 250, 000
SOMOTB. .« evenenrnonivnssinnisfeeanannns 210,000 | 55,000 | 265,000 |......... | 285,000 | 285,000
Total MexiCo..on.uouns foceenennnns 737,000 | 63,000 | 800,000 | 190,000 | 610,000 | 800,000
Grand total 2,020,000 | 698,000 ! 1,322,000 | 2,020,000

CLASSIFICATION OF FUTURE IRRIGATION.

A rough classification of the different areas has been made from the
standpoint of feasibility.

Class A: Feasible projects now.

Class B: Projects which for various reasons can not be expected
to be constructed for some time. ,

Class C: Projects the construction of which is expected to take.
place in the distant future.

Class X: Small individual extensions.
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Classification of future irrigation, lower basin.
[Acres.]

DIVISION BY STATES.
[Acres.}

| Under
| present
rojec
t not A. B. C. X. Total.
yet irri-
gated.

United States:
ada... 2,000 [.oeeeennns]ennnnns.. 2,000
27,000 |......... 4,000 229,%8
6,000 | 62,000 |.......... 481,
I DTN 167,000 | 444,000 [ 35,000 | 62,000 4,000 | 712,000
MEXICO. e eneennennnnnnassnan e 65,000 | 30,000 |.......... 515,000 |.......... 610, 000
Grand total......c.oeeuenennenn.... 232,000 | 474,000 | 35,000 | 577,000 4,000 | 1,322,000

COTTONWOOD ISLAND PROJECT.

The Cottonwood Valley project, or what is generally known as
Cottonwood Island, is located on both sides of the Colorado River
in Clark County, Nevada, and Mohave County, Arizona. The nearest
railroad point 1s Chloride, which is about 30 miles east.

This tract is a small valley of river-bottom land through which
the river meanders, changing its channel from time to time. There
are generally two principal channels, which form the island, but the
river is now all in the west channel. This tract will be submerged
in case the Bulls Head reservoir is constructed.
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Ownership.—There are no patented lands in the valley. The area
was withdrawn under the re~lamation act in 1903 for the proposed
Bulls Head reservoir. :

Area: Acres.
(€5 6,600
Irrigable—

€2 ¢ 1,600
Pumping (40-f00t 1ift). . ....ooeoe it it 2, 800
B0 7 4,400

MOHAVE VALLEY PROJECT.

Location and general description.—Mohave Valley is located prin-
cifpa.lly in Mohave County, Arizona, with a small area on the west side
of the river, in Clark County, Nevada, and in San Bernardino County,
California. :

The principal town, Needles, with a population of 2,500, is located
on the west bank of the river. The Atchison, Topeka & Santa Fe
Railroad crosses the Colorado River at the lower end of the valley.

The main valley extends from Fort Mohave on the north to Topock
on the south, a distance of about 25 miles, with a maximum width
of about 5 miles.

Regarding this valley, Mr. Homer Hamlin, in his diary of April
13, 1920, states:

The bottom lands in Needles Valley are very low, and a small rise in the river will
cause extensive overflow. The river is evidently changing its course at many points.
The low bottom lands and rapidly changing river channel will make the irrigation
of these lands extremely difficult, if not impossible.

The valley is subject to overflow, at least to some extent, for
floods of 25,000 second-feet. It would appear, therefore, that even
with storage for flood control a levee system will be required in order
to reclaim these lands.

All odd-numbered sections in the Mohave Valley on thg east side
of the river and outside of the reservation were granted by the
United States to the Atlantic & Pacific Railroad, now the Atchison,
Topeka & Santa Fe. In 1904 these lands were sold and are now
held by the Cotton Land Co., which planned to reclaim 30,000
acres.

All even-numbered sections in Mohave Valley east of the river—
about 18,000 acres—were made a part of the Indian reservation by
Executive order of February 2, 1911.

In 1912 and 1913 the Indian Service constructed 5 miles of levee.
This levee failed in 1914, as also did the levee of the Cotton Land Co.
Since that date neither of these levees has been repaired.

Land classification and topographic surveys were made of the
Mohave Valley in 1903.
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Classification of lands, Mohave Valley project.

Ownership. Area.
Tract Irrigable

Indian | Public | Private -

lands. | lands. | lands, | Totl- | Gross. Pum,

Gravity.] “ 0P | Total,

g.

Mohave Valley, east side..... 20,000 |......... 19,000 | 39,000 | 39,000 | 22,500 « 2,400 | 24,900
North of Fort Mchave: ’
East 8ide...ccoeeeeeenenes]nennn... 1,000 | 2,000 | 3,000 | 3,000 |......... 800 800
West side. .co.onvnnn.... 2,50 | 1,700 | 1,800 | 6,000 ) 1,000 ......... 1,000
Total, gross............ 22,500 | 2,700 | 22,800 | 48,000 | 48,000 | 23,500 | 3,200 | 26,700
Total, net irrigable........... 12,500 | 1,500 | 12,700 | 26,700 {o...eoeofeeeureenlaearnnaslonennnens
*

Present status.—The only irrigation development in the Mohave
Valley has been done by the Cotton Land Co. and the United States
Indian Service. The Cotton Land Co. system com‘prises about 193
miles of canal, with a capacity of about 100 second-feet. A concrete
intake is.installed about 2 miles below Fort Mohave which is at a

oint well protected from river action by a jutting point of mesa.
. No si.lg works or diversion structure other than an intake have been
provided.

The Cotton Land Co. has also constructed about 10 miles of levee,
with a crown width of about 6 feet and an average height of 4 feet.
No rilprap or slope protection has been done. This levee, as pre-
viously stated, was partly destroyed in 1914.

The United States Indian Service afterwards constructed a levee
running south from near the headgate of the Cotton Land Co.’s canal.
This'le;vlee was also partly destroyed in 1914 and has not since been
repaired.

CHEMEHUEVIS VALLEY PROJECT.

Location and description—The Chemehuevis Valley is located on
both sides of the Colorado River, with the larger area on the west
side. The portion on the east side is in Mohave County, Arizona.
The portion on the west side of the river is in San Bernardino County,
California.

The nearest town and railroad station is the station of Powell, on
tl:ﬁAtchison, Topeka & Santa Fe Railroad, about 10 miles from the
valley.

The length of the valley north and south is about 6 miles and the
maximum width 2 miles. The elevation is about 400 feet above sea
level. The valley is all subject to overflow during normal high water.
For this reason 1t is not feasible for irrigation development without
the construction of levees on both sides of the river. Such levee
.construction may be reduced in cost by a partial flood control, and

ossibly could be eliminated with complete flood control by storage.

he valley is small and is not attractive as an irrigation project.

The valley on the west side of the river is in the Chemehuevis
Indian Reservation. A few Indians (approximately 200) live on the
reservation. Tentative allotments of 10 acres each have been made
to these Indians, aggregating a total of about 2,000 acres.
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There is no irrigation at the present time nor has there been in the
valley. The Indians living here do some farming on a small scale
on the overflow lands, the crops being planted after the receding of
the high water.

Land classification and a topographic survey on a scale of 2 inches
" to the mile were made in 1902 and 1903.

Ownership.—There are no private lands in the valley. The lands

were all withdrawn under the reclamation act in 1903. The west

side of the river is Indian reservation lands and the east side is public
lands.
Classification of lands, Chemehuevis Valley project.

"Area.
Gross. Net
InAIAN IANAS. . . iiiiae et iiiiiieeeeeeeeaeaeaeeaaeeeaeaaaaaanannas 2,900 2,300
T PR 1,700 1,400
b7 O 4,600 3,700

PARKER PROJECT, COLORADO RIVER INDIAN BESERVATION’.'

Location and description.—The Parker Valley, or Colorado River
Indian Reservation project, lies on the east side of the Colorado
River in Yuma County, Arizona. A small portion of the valley is on
the west side of the river, in Riverside County, California. The
principal town, Parker, at the head of the valley, with a population
of 500, is located on the Atchison, Topeka & Sante Fe Railroad.

The Parker Valley has a total length of about 37 miles, extending
from Parker on the north to near Ehrenburg on the south. The
maximum width of the valley is about 7 miles on the east side of the
river. The river channel in this valley is somewhat more stable
than in the Mohave Valley, though it is also subject to erosion and
to shifting of its bed. The river is said to overflow the lower bottom
lands with a flood exceeding 40,000 second-feet, and 95,000 acres are
said to be subject to overflow during periods of maximum flood. It
would appear, therefore, that for anything less than complete flood
control by storage a levee system will be necessary, although with
partial control the section of the levee and the riprapping could
probably be reduced accordingly.

On the west side of the river there are several separate small
areas of bottom land aggregating about 4,000 acres; but, owing to the
small area and to the narrowness of the valley, this land could not
be lprotected from overflow within reasonable cost by levees, and it
will, therefore, not be considered as a part of the project. With
complete flood control by storage, it Wougd probably Eecome attrac-
tive to individuals, either by irrigation through direct diversion or
low-lift pumps.

The bench lands considered as a part of the project consist of the
Parker Mesa, at the head of the valley, surrounding the town of
Parker. This is an attractive stretch of land, being quite smooth
and level, with a gravelly and sandy soil. The bench is from 75 to
150 feet above the bottom lands.



PrATE XV






PROBLEMS OF IMPERIAL, VALLBY AND VICINITY. 53

There is also a mesa on the west side of the river, namely, the
Calzona Mesa. There has been no survey of this mesa, so no detail
can be given of it. It is said, however, to be rather rough and unat-
tractive. It is not here considered as a part of the project.

Lands of the Parker project are all in the Colorado River Indian
Reservation.

Historical.—A detailed survey and estimate of the Colorado River
Indian Reservation project, consisting of the gravity system of the
g;oject proposed herein, was made by the United States Indian

rvice in 1918 and 1919. Topography was taken on a scale of 400
feet to 1 inch covering the entire reservation, with a contour interval
on the bottom lands of from 1 to 2 feet. Detailed estimates were
prepared and the final report written by Mr. C. A. Engle, engineer in
charge, under date of June 30, 1920. A soil report was also made by
Mr. i T. Strahorn, United States Department of Agriculture, dated
1920, which report is made a part of the Engle report.

Topography and soil.—The bottom lands are flat and subject to
overflow and are considerably cut with sloughs and very heavily cov-
ered with mes?uite, arrow weed, and other brush. The soil is river
silt and sandy loam and is very fertile. The Parker bench is smooth
fnd gently sloping toward the river. The soil is gravelly and sandy
oam.

Drainage.—The bottom lands are lowest next to the mesa, or away
from the river, and are subject to seepage from the river durin
normal high water and by backing up from the sloughs. Artifici
drainage will be necessarly.

Ownership.—All the lands in the proposed Parker project lie
within the United States Indian reservation. Fifteen thousand acres
is the maximum that will be needed for allotment to the Indians;
the balance may be thrown open to settlement.

Area: Acres,
L5 ™ 121, 000
Irrigable—

GIBVILY . ..ottt it e, 104, 000
Pumping, lift approximately 135 feet............................. 6, 000
Totalirrigable. . . ... ... . i 110, 000

WATER SUPPLY.

Aﬁpropriatwns.—No water filings have been made for this project
to the knowledge of the engineer in charge. The area irrigated in
1920, which is the maximum to date, is 4,100 acres, and it is esti-
mated by the engineer in charge that 7,000 acres will be in cultiva-
tion in 1921. The present pumpi.n% plant, with the installation of
another boiler which is planned in the near future, will be sufficient
to cover about 7,500 acres.

The right to divert water from the Colorado River (a navigable
stream) was authorized by act of Congress entitled “An act making
%)propriations for the current and continﬁent expenses of the Indian

epartment and for fulfilling treaty stipulations with various Indian
tribes for the fiscal year ending June 30, 1905, and for other pur-
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poses” (act Apr. 21, 1904, ch. 1402, 33 Stat., 189). The portion
authorizing the diversion of water reads as follows:

That in carrying out any irrigation enterprise which may be undertaken under the
provisions of the reclamation act of June 17, 1902, and which may make possible and
provide for, in connection with the reclamation of other lands, the reclamation of all
or any portion of the irrigable lands on the Yuma and Colorado River Indian Reser-
vations in California and Arizona, the Secretary of the Interior is hereby authorized
to divert the waters of the Colorado River and to reclaim, utilize, and dispose of any
lands in said reservations which may be irrigable by such works in like manner as
though the same were a part of the public domain.

Storzge required.—On the assumption of complete development of
lower Colorado River lands storage will be required for the use of
the Parker project for the undeveloped area of, say, 103,000 acres.

PRESENT STATUS.

There is a pumping plant installed by the United States Indian
Service, as above described, with a capacity for the irrigation of
about 7,500 acres. This pump is located on the bank of the river at
the head of the valley. The water is pumped from a sump, into
which the water enters from the river tﬁrough five 7-foot gateways
e?uipped with flashboards to keep out all but the top water. The
lift of this plant is about 21 feet. Near the pumphouse a large
settling basin has recently been constructed, with provision for
sluicing the silt back into the river by means of a by-pass.

The canal system consists of about 10 miles of canal of more than
50 second-feet capacity and 43 miles of laterals. The area under
the present canal system is about 6,000 acres.

Nine miles of drainage canals have also been constructed.

IRRIGATION PLAN.

Plan of C. A. Engle, engineer in charge, for gravity system (Report of
June 30, 1920).—A diversion weir is planned at a point locally known
as Headgate Rock, which is a short distance above the railroad cross-
ing of the river. This weir is of the floating type on a sand founda-
tion. The length is 1,600 feet, with a height of 14 feet above mean
low water. At the end of.the weir a by-pass or diversion channel is
glanned, to have a clear width of 200 feet and a depth of 22 feet

elow the weir crest. There will be five by-pass gates (Stoney type),
23 by 41} feet. A desilting basin and sluiceway similar to the one
at Laguna Dam is planned on the land side of the by-pass structure.
The clear width of this basin is 160 feet, and depth 14 feet. /

The main canal to the head of the valley where the first division
is made is 24 miles in length. This will be mainly in a rather porous
gravel, and 1t is planned to be concrete lined. It has a capacity of
1,600 second-feet. The total length of canals, including the prin-
cipal branches, is 46 miles, and the total length of distributaries is
184 miles.

A protective levee is provided. This is planned to be constructed
near the bank of the river, with a section consisting of a 12-foot
_crown and a height of 5 to 6 feet above mean high water. A coarse
gravel blanket 12 inches thick is to be placed on the entire surface
of the levee, and the river slope is to be provided with a rock revet-
ment containing an average of 74 cubic yards per linear foot. The
total length of %evee planned is 45 miles.
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A drainage system is provided with a main drain running the
-length of the valley and with a system of lateral drains connectin§
therewith. A pumping plant will be required at the lower end o
theP main drain. - ¢ b Bich

umping system.—The pumping portion of the project, whic

covers Z;hzg arza of the Pa.ll')ker %el%ctﬁ has not been Iv?vm]'ked out in
detail and therefore the plan and estimate herein are very rough.

A pumping plant will be required to pump from the main canal
near its head, and, as the bench slopes toward the river, a long pipe
line will be required with fprobabl a second lift. The average lift
will be approximately 135 feet. The distribution system of the mesa
lands is to be concrete lined.

Power requirement:

Irrigablearea........ ... i acres.. 6,000

Pump capacity.... .o second-feet . . 60

Mean Lift........... ... ... et ettt aaaaaaas feet.. 135

Theoretic horsepower. ... ..........i ittt iiiiiaiaaanen 920

Requirement, horsepower (60 per cent efficiency) ........................ 1, 500
COSTS.

Cost to date.—The cost of the present pumping plant and canal
system of the United States Indian Service, according to the Engle
report of 1920, is approximately $140,000. The pumping plant will
have no value as a part of the larger project, though the distribu-
tion system can be incorporated Ey an enlargement into the new
system and will probably have a value equal to the cost of its
construction.

Estimated cost to complete (exclusive of storage or flood control).

‘Gravity project data from Engle, report of June 30, 1920:

Diversion Weir.. ... ... ... i $753, 300
By-pass or diversion channel.............. ...l foemennn 601, 590
Desilting basin and sluiceWay............cooiiiiiiiiiiiiiiiaia.. 698, 410
Main canal and distributary system.................coiiiiiiiana.. 2, 059, 400
Levee system and river improvement. ... ... .......cc.iiiiiiiaa.. 2,21, 500
Drainage 8yBtem . .. ... i 849, 400

Total (Engle estimate). ... .. .. ... i iiiiiiiiiiiiaaanannnann 7,233, 600

Pumping system (no detailed estimate available):

umping plant, 1,500 horsepower, at $100........................... 150, 000
Distribution system (concrete lined), 6,000 acres, at $70.............. 420, 000

Grand total.. ... ..ot 7, 803, 600

Total estimated cost for a project of 100,000 acres, exclusive of
storage, flood control, and power, $78 per acre.

PALO VERDE VALLEY (BLYTHE PROJECT).

Location and description.—The Palo Verde Valley is located on the
west side of the Colorado River, in Riverside and Imperial Counties,
California.

The principal town is Blythe, with a population of 2,000, situated
in the north-central part of the valley. Ripley is a new town and is
at the terminus of the California Southern Railroad, a branch of the
Atchison, Topeka & Santa Fe from Blythe Junction. The distance
from Blythe Junction to Blythe is 42 miles.

93715—S. Doc. 142, 67-2——6
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The valley is 25 miles in length with an average width of about 6
miles. It lies in a compact body and is well adapted to irrigation
development. The river skirts the east side of the valley except near
the north end, where the Palo Verde Valley overlaps the Parker
Valley, and at the south end, where it overlaps the Cibola Valley.
These three valleys in fact constitute one large valley, being broken
only by the river channel at the two points where it crosses the
valley. The Palo Verde mesa lies adjacent to and west of the valley
and the Chucawalla Valley lies west of this, over a small divide.

The general elevation of the valley is 250 feet above sea level.
The engineer in charge of the project, Mr. C. E. Yost, states that it
will overflow with a flood of from 50,000 to 60,000 second-feet without
levees, and that bank protection would be necessary with a flood of
35,000 second-feet.

There is a rock point on the west river bank at the head of the
valley known as Blythe Heading, which is the point where the main
canal diverts. The river strikes the west bank about this rock point,
which diverts it to the east bank across the valley. The river has
alwa{s hugged this rock, though there is no natural barrier on the
eﬁst ank to prevent the river from leaving the heading and going to
the east.

HISTORICAL.

About the year 1856 * * * Thomas H. Blythe came into the Palo Verde Valley
and s\cquiredy about 40,000 acres under the swamp and overflow act. This tract be-
came known as the Blythe rancho. Blythe then proceeded to make certain water
filings. * * * He built the gravity intake now in use and known as Blythe intake,
amain canal and laterals, and irrigated a considerable area. In 1905 or 1906 a corpo-
ration known as the Palo Verde Land & Water Co. was organized and acquired the
Blythe rancho and all the water rights appertaining thereto. This corporation imme-
diately proceeded to repair, enlarge, and extend the irrigation system, and to develop
and colonize the rancho.

In 1908 the present company was organized in the valley and bought all of the
water right filings from the Palo Verde Land & Water Co., together with all the rights
of way for the canal system extensions. The present company is a mutual one, each
farmer taking water from the canal system being a shareholder. It is called the Palo
Verde Mutual Water Co., and has operated and extended the canal and levee systems.
This company also attended to the perfecting of the water rights.

In 1918 the Palo Verde joint levee district was organized for the
purpose that its name im;illes. This organization is separate from
the water company, though at the present time there are three men
who hold the position of director in both companies. For a time the
management of the two companies was separate, but at the present
time 1t is all handled in the office of the water company, and is under
the direction of one engineer, Mr. C. E. Yost.

LAND.

Topography and soils.—The valley is flat river-bottom land, all
subject to overflow without protection. It'is generally quite smooth
and free from small sloughs as compared with other valleys alonﬁ the
Colorado, though there are a few large sloughs extendin, throu% the
tract. As is characteristic of the vsﬁleys of the Colorad%, it is Jowest
on the farthest side from the river or near the mesa, the fall being
about 15 feet.

The lower end of the valley is a fine, rather heavy silt. The mid-
dle and upper portion is a light sandy silt. The soil is very fertile, as
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#is evidenced by the land in cultivation, and generally it seems quite
free from alkali, except in some of the lower portions in the old irri-
gated sections, where 1t has become alkalied by the rise of the ground
water.

Drainage.—There is fairly good surface drainage throughout the
valley except during the high-water period, the water being carried
off through the large sloughs above mentioned, which empty into the
river near the lower end of the valley, but due to irrigation it was found
that during a period of about 10 years prior to 1918 the ground water
had risexingbout 7 feet, and at that time was also within about 7 feet
of the surface. Since that time the water table has remained about
the same, though it fluctuates to some extent, due to the rise and fall
of the river. ’%‘he need of artificial drainage has been felt for some
years in the irriiated portion of the valley, and a drainage estimate
and plan of work were made in report by D. W. Murphy, drainage
engineer, under date of November 18, 1918. Since that time some
progress has been made in the way of drainage construction.

Ownership and area.—Practic all of the land in the Palo Verde
Valley is in private ownership. T{ue Blythe rancho has been sold off
in small tracts averaging about 60 acres. The area of the project
and the status of land as of October, 1920, as shown by the records of
the United States Land Office, are as follows:

Acres.
Grossarea of valley.. ... ... ... i 95, 000
Irrigable area—
Private. .. 72, 000
Entered. .. .. i 6, 600
B 78, 600

It is the opinion of the engineer in charge of the project that the
water rights of the company are sufficient for the irrigation of the
entire valley, and that no storage will be required. The question of
the water rights of the company is a matter to be eventually deter-
mined by adjudication.

PRESENT STATUS.

The present works of the Palo Verde Mutual Water Co. consist of
181 miles of irrigation canals and laterals, of which approximately 8
miles are main canals, 26 miles of submains, and 147 miles of laterals.
The company has also constructed 284 miles of main levee, 6 miles
of auxiliary levee, 74 miles of wasteway canals, and 5% miles of drain-
age canals, in addition to the borrow-pit drain which extends the
full length of the levee. The intake of the main canal is constructed
in a granite rock cut at the Blythe heading, above mentioned. A
new concrete structure has been installed at this point sufficient in
capacity to irrigate the entire valley. The structure is controlled
by wooden emergency gates, with steel stem screw-lifting devices.
Ordinarily it is controﬁeg by flashboards, over which the water enters
the canal, permitting the skimming process. As the main current
of the river strikes the Blythe heading it is free from silting up above
the intake.

Two and one-half miles below the intake is sluiceway No. 1, and
at mile 4 is sluiceway No. 2, which are large wooden structures.
The skimminﬁ process is repeated at these points over flashboard
into the canal, and the silt is sluiced out into the river. Excess
water is run to these points for this purpose.
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At 7% miles below the intake are located the controlling gates of «
the three submains, at the lower end of the main canal proper.

The engineer in charge, Mr. Yost, states that the canals are suffi-
cient in capacity for the irrigation of the entire valley on condition
of proper cleaning.

he main levee as constructed at present extends from the head of
the valley to the county line near the lower end of the valley, a
length of 284 miles. The section of the levee is: Crown 12 feet,
river slope 3:1, land slope 2:1, average height 10 feet. A borrow pit
has been constructed continuously on the land side, with a berm of
50 feet between the pit and the leyee. This borrow pit is intended
as a shallow drain and has been fairly successful for this purpose,
though deep drains are planned some distance back from the levee;
3,500 feet only of the levee have been riprapped. Two miles of rail-
road are constructed on the levee and 3 miles leading from the levee
to the quarry. There are several cross levees extending from the
main levee out into the valley. The area protected by levees at
present is said by the engineer in charge to be 70,000 acres, which is
also the area under the present constructed canal system.

The area irrigated in the present season (1920) is approximately
35,000 acres.

The shares of water stock issued by the company represent water
sufficient for 1 acre to the share. To the present date, October 20,
1920, 40,700 shares have been sold. These shares are valued at $35
per share.

IRRIGATION PLAN.

The Palo Verde project is entirely a gravity system. The water is
diverted direct from the river at the Blythe intake, as above de-
scribed, without a diversion dam. There is no plan on the part of
the management for the construction of a dam at this point, first, for
the reason that it is not needed, as at practically all times there is
sufficient head against the intake for the required diversion, and in
the second place for the reason that there is no dam site at the head
of the Palo Verde Valley. As stated previously, there is no physical
reason why the river should not leave the Blythe heading and go to
the east, as there is a wide, flat valley at this point. This, however,
has never occurred in the history of the project, though it does not
necessarily follow that it will not occur in the future. Such a pos-
sibility is realized by the present management, and plans are made
to riprap the opposite bank in case it should become necessary.

-The desilting question is handled fairly well at the present time,
considering that there is no diversion dam with sluiceway, as at
Laguna. This is probably the best natural intake on the lower
Colorado River, and the project is thus fortunate in being able to
enjoy the benefit of reasonably well desilted water without the cost
of diversion dam.

The lateral system is now constructed for all but about 9,000 acres
in the valley, and the present plan is to extend these laterals as water
stock is purchased by new lands and water is called for. The sale
of the stock pays for the construction of the new laterals.

It is planned to extend the main levee to the lower end of the valley
for a distance of 6 miles. A railroad is planned to be constructed on
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the entire length of the main levee for the purpose of protection in
case the river threatens at any point. Riprap, generally, is not
planned, except at threatened points, though without flood control
the entire length will probably eventually require riprap.

A complete drainage system will be required ang is planned, as
outlined in the D. W. Murphy report of January 1, 1918.

POWER REQUIREMENT.

As the Palo Verde project is under a gravity system, no power will
be required. .

PALO VERDE MESA AND CHUCAWALLA VALLEY PROJECT.

[Data mainly from report of Koebig & Koeblg:[ conslulltolxll_g]hydraulic engineers, Los Angeles, Calif., dated
an. 1, 1917,

Location and description.—The Palo Verde Mesa and Chucawalla
Valley project is located in Riverside County, California.

The Palo Verde Mesa lies adjacent to antf west of the Palo Verde
Valley or Blythe project. The elevation of the mesa is from 320 to
42{)1 feet above sea level and from 70 to 200 feet above the adjacent
valley.

Wg;t of the Palo Verde Mesa is a low pass between Mule and
McCoy mountains, at an elevation of 460 feet above sea level.
Through this pass 1s the Chucawalla Valley, extending northwesterly
for a distance of about 30 miles and with a maximum width of about
12 miles. The valley is a large inland basin or sink, with no surface
drainaglg outlet. There are two dry lake beds in the bottom of the
basin: Pelan Lake, elevation 450 feet, near the west end of the basin,
a}llld Ford L(?ke, the lower point of the basin, elevation 360 feet, near
the east end.

HISTORICAL.

On November 9, 1908, the Chucawalla Development Co. was organized for the pur-
pose of sugglying water from the Colorado River to an extensive area of desert land.
* ox e lands to be covered by this irrigation project are known as the Palo
Verde Mesa and the Chucawalla Valley and embrace an area of, collectively, 177,550
acres. * * * Theland has been filed upon in the United States Land Office under
the desert-land act, these filings having been made under the encouragement offered
by the Chucawalla Development Co. * * *

* # % The company made preliminary surveys of the canal lines. Investiga-
tions of and borings at the dam sites, situated 8 miles above Parker, Ariz., belaw Bill
Williams Fork and at Pyramid Canyon, 30 miles above Needles, Calif., also surveys
of the reservoir sites, were made in connection with the dam sites herein mentioned.
* * * Further glreliminary surveys were made for a transmission line for conve{in
tla}ectric power to the pumping plants near the diversion dam and reservoir at Blac

oint.

The report of Koebig & Koebig, from which the above is quotéd,
outlines a Feneral plan of the project, including a diversion dam,
pumping plants, and canal systems, and includes estimates of cost
of the same.

An act of Congress was passed and approved February 15, 1911,
entitled “An act to authorize the Chucawalla Development Com-
pany to build a dam across the Colorado River at or near the
mouth of Pyramid Canyon, Arizona, also a diversion intake dam at
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| or near Black Point, Arizona, and Blythe, California.” (Public, No.
374, H. R. 31859.) The following provisions are made in this act:

Provided, That the actual construction of said dams shall be begun within two years
and completed within five years from the date of thil}]):]ssage of this act. And provided
Surther, That the actual construction of said dams 1 not be commenced until the
lans and specifications therefor shall have been presented to and approved by the
ecretary of the Interior in addition to the requirements of the act approved June 23,
1910, entitled ‘“An act to amend an act entitled ‘An act to regulate the construction
of dams across navigable waters’ approved June 21, 1906,” and in approving the-
plans and specifications the Secretary of the Interior may impose such conditions as
%) hinzl séml seem proper for the protection of the public interests of Indians and the
nited States.

Ownership and area.—The status of the project lands as of October,
1920, as determined from the records of the United States Land
Office, is as follows:

Classification of lands, Palo Verde Mesa and Chucawalla Valley project..

Gross acreage. Total.
Tract. .
Koebig &
Public. | Entered. | Private. | State. | RoVised | "goq
. . report.
Palo Verde Mesa:

600 [ 12,700 5,000 1,400 | 19,700 20, 000-
1,200 | 12,100 2,000 1,200 | 16,500 | 15,850
600 7, 500 700 9,000| 10,500
13,000 | 28,000 300 | 1,700 | 43,000 | 43,000
Southside.............oiiiiiil 4,000 | 37,000 500 2,500 | 44,000 42, 800
Highlevel.......c..cociiiiinnannnnnn. 8,000 38, 500 350 2,150 49, 000 45, 400-
Total. e eiiieiiiieiienaiaaanans 27,400 | 135, 500 8,650 9,650 | 181,200 177, 550°

Net irrigable area, assuming 50 per cent waste on account of poor
soil (see soil report), also omitting the two high lifts as advised by
Koebig & Koebig in letter of October 27, 1920:

62, 000

Present status.—No construction has been undertaken to date om
this project, and no plan has been presented for financing its con-
struction. ) )

There are no improvements on the project except a few wells.

Most of the land is held under desert entry and is unpatented..
The status of these entries is defined in the act of Congress entitled
“An act to exempt from cancellation certain desert-land entries in
Riverside County, California (Public, No. 49), approved April 11,
1916,” which reads in part as follows: '

That no desert-land.entry heretofore made in good faith under the public-land laws:
for lands, townships * * * in Riverside County, State of California, shall be
canceled prior to May 1, 1919, because of failure on the part of the entrymen to make
any annual or final proof falling due upon any such entry prior to said date. * * *
I1f the said entrymen are unable to procure water to lrrigate the said lands above:
described through no fault of theirs, * * the Secretary of the Interior is hereby
authorized to grant a further extension for an additional period of not exceeding two.
years.
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CIBOLA VALLEY PROJECT.

Location and description.—The Cibola Valley lies on the east side
of the Colorado River in Yuma County, Arizona. It is about 20
miles south of the lower end of the Parker Valley and is adjacent
to the lower end of the Palo Verde Valley, being separated from the
latter only by the river.

The nearest railroad point is the new town site of Ripley in the
Palo Verde Valley, about 12 miles north.
| Tellle general elevation of the valley is about 230 feet above sea

evel.

The valley lies north and south, with a length of 12 miles and a
mean width of 3 miles.

The Cibola Valley is but little above the bed of the stream, and
the entire area is subject to overflow during normal high water.
The valley could riot be developed without complete storage control
or without a levee for the full length of the river orderin% the valley.
There is no diversion dam site in the vicinity of the Cibola Valley.

A topographic survey was made on the scale of 2 inches per mile
in 1902 and 1903.

There has never been any irrigation development in this valley
except a few attempts on a very small scale of individual pumping.
Some farming on s small scale has been practiced on overflow lands.

An irrigation district was formed by the landowners in 1913 for
the purpose of developing an irrigation project. Detailed surveys
of an irrigation and levee system were made for the district by
R. L. Morton in 1914. From these surveys a complete system of
canals, levees, and drains was designed and quantities computed,
and a report and estimate were made covering the same by C. K.
Clarke in 1914. The plan as laid out by Mr. Clarke is shown on
Plate XVIII, which was copied from a large-scale map pre-
pared by him. The irrigation district voted bonds for the construc-
tion of the project as outlined and estimated by Mr. Clarke, but to
the present date no market has been found for them.

Drainage.—The sloughs above mentioned are sufficient for carry-
ing off the surplus water, except during high water of the river
when the valley is subject to overflow. With the development of
irrigation, however, artificial drains will be necessary. These sloughs
can be used to a large extent in the construction of a drainage system.

Ownership and area.—The area of the project and the status of the
lands, as of October, 1920, as shown by the records of the United
States land office, are as follows:

Classification of lands, Cibola Valley project.

Gross. Net.
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YUMA PROJECT.

Location and description.—The Yuma project is located in Yuma
County, Arizona, and in Imperial County, California. The principal
town of the project is Yuma, with a population of 5,000. It is
located on the Colorado River, at the point of crossing of the
Southern Pacific Railroad. The other principal towns of the

roject are Somerton and Gadsden, in Arizona, and the town of
interhaven, in California.

The railroads of the project are the main line of the Southern
Pacific; the San Diego & Arizona Railroad, recently completed,
from Yuma to San Diego, Calif.; and the Yuma Valley (Government)
Railroad, which runs south from Yuma to the Mexican border, a
distance of 24 miles.

The present constructed portion of the Yuma project comprises
the valﬁay lands of the Yuma Indian Reservation on the California
side, extending from Yuma northeast about 10 miles to near the
Laguna Dam, at which point the river flows between two rock hills.
On the Arizona side the present constructed project comprises the
Yuma Valley lands, extending from Yuma to the Mexican border,
a distance of about 17 miles. The average width of the Yuma
Valley is about 6 miles, and that of the reservation about 3 miles.

The valley lands of the project were practically all subject to
overflow in extreme high water, and it has been necessary to con-
struct levees for their protection.

The pumping unit of the project, or what is known as the Yuma
auxiliary project, comprises the bench lands lying adjacent to and
east of the Yuma Valley, at a general elevation of about 190 feet
above sea level and about 80 feet above the valley lands. The first
unit of this project is now under construction. ‘

Historical.—Reconnaissance made and preliminary surveys begun
in 1902. .

Construction recommended by board of engineers April 8, 1904.

Construction authorized by Secretary, May 10, 1904.

First irrigation by Reclamation Service, season of 1907.

Laguna Dam completed March, 1909.

CoForado River siphon completed June 29, 1912.

Gravity water from Laguna Dam furnished to Yuma Valley through
siphon June 29, 1912.

Yuma Mesa auxiliary reclamation project act passed January
25, 1917.

Construction of first mesa unit approved June 8, 1920.

Yuma project 95 per cent completed and first mesa unit of aux-
iliary project 20 per cent completed June 30, 1920.

LAND.

Topography and soil.—The valley lands of the dproject are flat river-
bottom lands, formerly covered with brush, and cut to some extent
with sloughs, as is characteristic of other valleys of the Colorado
River. There are also some sand dunes in portions of the project.
Thed soil is alluvium, or river silt, and especially near the river is quite
sandy. ’

Th{; mesa lands are uniformly smooth, with a gentle slope to the
southwest. The soil is sandy loam. )



PraTeE XIX'






PROBLEMS OF IMPERIAL VALLEY AND VICINITY. 63

Drainage.—The valley lands are generallf lower near the mesa than
adjacent to the river, and in general are lower than the high-water
Ievel of the river. Due to these conditions artificial drainage has
been found necessary for the greater portion of the valley lands, and
the construction of open drains is actively under way.

The drainage conditions of the mesa lands are good.

Ownership and area.—The status of the irrigable lands of the
project as of June 30, 1920, is as follows:

Acres.

Public land entered. .. ... ... i i .19, 000
Public land open. . ..co. oot 300
Public land withdrawn. ... .. ... . i 37, 900
State land unsold ... ... i 1, 800
Indianland....... oo i i e eeaeaa 9, 000
Privateland.. ... ..o il e 62, 000
Total irrigable area. .. ... ..o i i i 130, 000

WATER SUPPLY.

Right to divert water from Colorado River.—The right to divert water
from the Colorado River (a navigable stream) was authorized by act
of Congress entitled “An act making appropriations for the current
and cont.mlﬁenp expenses of the Indian Department and for fulfilling.
treaty stipulations with various Indian tribes for the fiscal year ending
June 30, 1905, and for other purposes’ (act Apr. 21, 1904, ch. 1402,
33 Stat., 189). The portion authorizing the diversion of water reads
as follows:

That in carr))l'ing out any irrigation enterprise which may be undertaken under the
provisions of the reclamation act of June 17, 1902, and which may make possible and
provide for, in connection with the reclamation of other lands, the reclamation of all
or any portion of the irrigable lands on the Yuma and Colorado River Indian Reser-
vations in California and Arizona, the Secretary of the Interior is hereby authorized
to divert the waters of the Colorado River and to reclaim, utilize, and dispose of any
lands in said reservations which may be irrigable by such works in like manner as
though the same were a part of the public domain. .

Appropriations.—Appropriations of water for diversion from the
Colorado River to be used on the Yuma project are listed as follows:

Second-
f2et.

Appropriated July 8, 1905, to be diverted from the left side of Colorado River at

aguna Dam, to be used on lands in Yuma County, Ariz., recorded July 10,

190§§)at Yuma County recorder’s office, Yuma, Ariz. (book 5, miscellaneous, 3. 000
AII))propriabed July 8, 1905, to be diverted from right bank of Colorado River at ’
aguna Dam, to be used on lands in Imperial County, Calif., recorded July
13,1(1)35)5, at Imperial County recorder’s office at El Centro, Calif. (book 1, 6
SN 117 T U \

Also in 1907 and 1908 the United States purchased for the benefit
of the Yuma project the property and rights of the following old
canals in the Yuma Valley:

Farmers’ pump canal.—Purchased from the Colorado Valley Pump-
ing & Irrigation Co., March 15, 1907. This company was incorporated
March 4, 1901 There was under irrigation in 1907 from 2,000 to
3,000 acres from this system. .

Farmers’ gravity canal.—Purchased from the Yuma Valley Union
Land & Water Co., February 3, 1908. This company (originally the
Yuma Canal Co.) was incorporated June 26, 1897. Its plans involved
practically all lands in the Yuma Valley.
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Rollins Ditch (including Ives heading, pumps, and ditches).—Pur-
chased from the Greene Land & Cattle Co., July 23, 1908. This sys-
tem was constructed in 1892, and on Janu 20, 1893, an act of
Congress was approved granting right of way for two ditch lines for
the company.

Storage required.—It is assumed that the water rights of the Yuma
project, as stated above, are of sufficient priority to furnish an ample
supply from the natural flow of the Colorado River for the completed
project, and therefore it is not estimated that any storage will be
required. :

IRRIGATION PLAN.

The irrigation plan of the Yuma project provides for the diversion
of water from the Colorado River at the Laguna Dam, 10 miles north-
east of Yuma, Ariz., into a canal system heading on the California
side, conveying water to the irrigable lands on that side of the river,
including those in the Yuma Indian Reservation, crossing the river
at Yuma through an ihverted siphon and serving lands in the Yuma
Valley below the town of Yuma. The plan also provides for large
pumping plants below Yuma on the east main canal for raising water
to irrigate 45,000 acres of mesa land. The lands adjacent to the
Colorado River are protected from overflow by means of levees. In
addition, a drainage system is under construction and is being ex-
tended to areas in which the ground water is rising to such an ex-
tent as to threaten the lands with seepage. At the lower end of the
project a large pumping plant is provided for pumping the drainage
waters across the levee.

Pouwer requirement, Yuma project. Theoretic

Yuma mesa pumping: horsepower.

162 second-feet, lift 80 feet.. . ...... ... ... .. ... 1,473

185 second-feet, lift 683 feet.. ... ... ... ... .. ... 1, 440

103 second-feet, lift 54.6 feet........... ... ... . it 640

- 50 second-feet, lift 10 feet..........ooine oo it 57

Total mesa PUMPING. ... ..ottt i e ieaaaeaeaaaaaanann 3,610
Drainage PumMpPIng. ... ..ottt e ta e eaeeaeaeaaaaaas

Total for project............. ...l 3,910

Required horsepower (40 per cent loss in pump and motor).................. _(_5, 500

It is planned to develop part of the power required for the Yuma
project on the project, a small plant to be developed at the siphon
drop on the main canal, where there is a head of about 12 feet, and a
larger plant near Araz, or as an alternative power will be secured from
the Kower plants which it is proposed to construct at the drops of the
All-American High Line Canal.

THE CANAL HEADWORKS AT LAGUNA DAM.

[Extract from Report of All-American Canal Board, July 22, 1919.]

The headworks of the Yuma project canal are to be so modified
that the diversion into a common canal will be adequate to slﬁ)lply
the irrigation demand of both this project and the Imperial Valley.
At the point of diversion on the Colorado River, about 10 miles north-
easterly from Yuma, the elevation of the water surface in the river is
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brought under control by the Laguna Dam. This is a broad, low
structure of the weir type, which extends from solid rock on one side
of the valley.of the Colorado 4,750 feet to solid rock on the other side.
The crest of the structure is at a uniform height (elevation 151 feet).
At maximum flood stage the depth of water on the crest of the dam
is 5.5 feet. This dam raises the water surface of the river about 10
feet at the river’s low stage. At high water the fall of the water
surface at the structure—that is, the fall from water above the dam
to water below the dam—is only about 5 feet. The shape of the
crest of the dam is such that some of the large drift carried by the
river is caught by the dam at certain sta,ies of the water and hangs
there until the water of a higher stage pushes it over.

To some extent checking of drift in this way could be prevented by
modifying the shape of the crest. As this is desirable and as there
would be material advantage to both the Yuma project and the All-
American Canal project inﬂﬁoldin%l the water above the Laguna Dam
at low stages somewhat higher than heretofore, the board suggests
that the crest of the dam be raised 2 feet and rounded, with short
approach from upstream on a gentle slope, so as to offer the least
possible obstruction to drift. The advantage of thus raising the
crest of Laguna Dam is represented by the saving of about 1,000,000
cubic yards of excavation for each foot that the grade line of the
All-American Canal is raised.

The board realizes that due to the great length of the Laguna Dam
and the broad expanse of the submerged area above the dam there
will be a deposit of material to and above the full height of the
structure over some areas, and a growth of willows and brush is to be
expected which may so encroach upon the structure that the dam
can not function uniformlg from end to end. There will always be
certain points at which there will be freer approach for the water
from above than at others, and from these points there will be some
flow along the dam to the right and left. The water going over the
crest of &e dam will not, in other words, be at a uniform depth.
Consequently the height to which the water will rise when the river
is at a high stage will be somewhat above what would be calculated
on the assumption that the overflow is uniform from end to end of the
dam. Allowance for this fact has been made in planning the head-
gate structures, bulkheads, and training walls, which are to be
sufficiently high to avoid overtopping. The point at which there
will be the greatest concentration o? overflow over the dam should be
maintained near its California end. The large diversion of water at
that end of the structure will aid in drawing the stream in this
direction.

If the suggestion to modify the crest of the dam is ap?roved, it is
?roposed to depress a section of the crest, possibly 800 feet thereof,

rom 1 to 2 feet below the general level, thereby definitely fixing the
point of greatest water concentration, which will have more or less
effect upon the course on which most of the drift runs and may assist
in keeping the same out of the canal. Furthermore, during high
stages of the river when, due to the flow over the dam, an increased
head is not required, such a depression would reduce somewhat the
maximum water elevation above the structure.

At the California end of the dam, where the water is taken into the
Yuma Canal, there are three large Stoney gates, closing openings
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33 feet 4 inches wide, whose sills are about 13 feet lower than the
crest of the dam. When these gates are raised, water from above the
dam, flowing at hi.%h velocity, cuts out the sand and silt which have
lodged in the desilting channel at whose lower end the gates are
located. This desilting channel is separated from the river just above
the dam by a rockfill spur or training wall. On the land side of this
channel close above the Stoney gates is the headgate of the Yuma
project canal. This is a simple structure with 35 openings, each
7.5 feet in the clear, between concrete piers which carry a concrete
footbridge from which the flashboards, with which the flow of water is
regulated, can readily bemanipulated. The water dropsinto thecanal
over the top of these flashboards. By thus admitting water to the
canal from the surface of the sluggish stream in the desilting channel
much less silt is taken into the canal than would be the case if under-
flow gates were used. Once a week the sluice gates are opened and
the sand and silt which have been deposited in the desilting channel
are washed out, passing through the gates to the river below the dam.
While no precise statement can be made of the amount of suspended
material which is taken out of the water by this desilting process,
it is generally estimated by representatives of the United States
Reclamation Service to average about 50 per cent. In addition, it is
to be noted that practically none of the bed load of the river gets into
the canal. All of this, together with the coarsest portion of the
suspended load as above shown, is kept out of the canal by the
desilting operation.

At the present stage of development in the Yuma project, with
about 45,000 acres under cultivation and with a maximum canal
flow of about 1,200 second-feet, the time required per week to free
the desilting channel of deposits is three to four hours. During this
time the sluice gates are open and the diversion of water into the canal
ceases. Thisis of no inconvenience to the irrigators, who readily ad-
just their requirements to such a schedule. They have in fact thus
far adjusted their demands to a shutdown of much longer duration
than required for sluicing. The canal is being operated from early
Monday morning to Saturday evening. Throughout Sunday the
sluice gates are open and the canal bed is dry.

Under a full development of the Yuma ?roject the desilting opera-
tion will have to be extended to a much larger flow of water. The
maximum diversion for the irrigation of project lands will then be
about 1,600 second-feet, and, on the assumption that there should be
no cooperation with Imperial Valley, there would have to be added
to this flow about 4,000 second-feet to be used at some point near
Araz for the generation of power. The power would be necessary
to lift the water to the Yuma Mesa, on which are located about 50,000
acres of project lands. The desilting channel would then be convey-
ing from the river to the canal about five times as much water as
heretofore, and there will have to be suitable enlargement of the
diverting works and more frequent operation of the sluice gates.

Under the cooperation with Imperial Valley the maximum diver-
sion, as planned for the All-American Canal, will reach about 10,600
second-feet. The present desilting channel has not been dimensioned
either for this amount of water nor yet for that ultimately required
for the Yuma project alone. It must be enlarged and extended.
But the general plan of operation will remain the same. Periodically
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the sluice gates will be opened and the sand which has been deposited
in the desilting chamber will be scoured out.

It is proposed as a part of the All-American Canal work to allow
space for a fourth Stoney gate inshore from those now in use. The

esilting basin will be widened and extended farther upstream. It
will be confined between two rock-fill training walls, which, while
Fra.dually spreading apart, will curve out toward the river so as to
eave a wide, open mouth for the inflow of the canal water.

The present headgate will be replaced by a new structure similar in
type, hav-in%a length of about 1,374 feet. The upstream portion

~of this headgate be constructed while the present one remains in
‘service, and later the upper end of the new gate will be put into, use

during reconstruction of its lower end. -

Based on the experience thus far at the Laguna Dam, it is esti-
mated that for desilting operations an amount of water not in excess
of eight hours per week of the canal’s flow will be required. Whether
the esilt'mf operation will be undertaken once a week or more fre-
quently will depend not alone on the rate at which sand accumulates
in the desilting channel, but also upon the effect which the resulting
irregular flow in the canal will have upon the development of power

and on the demands of the irrigators.

THE CANAL FROM LAGUNA DAM TO THE SIPHON DROP.

For 10.2 miles from Laguna Dam the canal will carr% 10,600
second-feet of water, for both the Yuma project and the Imperial
Valley, in the enlarged Yuma Canal. At the lower end of this 10-
mile stretch on the present canal is a structure known as the siphon
drop, through which the Yuma project water drops about 10 feet to
the lower level, at which it flows across the submersible river lands
to the bank of the river opposite Yuma. The 6-foot superelevation
of the canal banks will be such that with perfect safety the ordinary
water-surface elevation could be increased. Furthermore, the
operation of the system will probably require that dredges be kept
in operation at certain points of the canal, and these can at any time
when the necessity therefor is apparent be used to enlarge the canal
prism and increase its capacity. The canal is to have a bed width
of 162 feet. Its side slopes are planned at 1 to 14 on the land side
and 1 to 2 on the river side. Wﬁen flowing full, the depth of water
will be 16 feet. Its gradient will be 0.000079, or a little over 5 inches
per mile. It has been so dimensioned that when flowing at capacity
the mean velocity will be about 3.5 feet per second and that when its
flow falls to one-half of the rated capacity the velocity will be at least
2.5 feet per second.

The enlargement of the Yuma project canal from its present

imensions is to be accomplished chiefly by raising the water surface
and excavating in the bottom and on the land side of the present
canal and placing the excavated material for the most part on the
river side of the canal A high, broad bank of earth will thus be
provided, on which there should be both road and railroad track.

Within about 1} miles downstream from the Laguna Dam there
will be three Stoney gates placed in this canal embankment, which
are to serve as sluice gates and as waste gates whenever occasion
may arise. They will discharge back into the river and, together
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with a similar set which will be placed near Araz, will not alone
serve their prime purpose as sluice gates but will also facilitate the
discharge o? storm water when there is large inflow from the hill
region.

his provision for handling the storm water is suggested by the
large reservoir capacity represented by the 17 miles of canal from the
Laguna Dam to the proposed power station at Pilot Knob. All
along this portion of the canal the left or river bank thereof will be a
high embankment, as already described. Against this embank-
ment water could rise 3 or possibly even 4 feet above the ordi-
nary high-water line without serious menace. If a storm should
oceur near the head of the canal with a large delivery of water into
the canal, such a rise might turn some water upstream, back into
the desilting channel, amf thence into Colorado River.

While this is occurring, preparation would be made at all the
sluice gates to open the same w]ll)en necessary. The opening of those
at the Luguna Dam would stop the inflow of river water into the
canal; those near the 1}-mile point and those near Araz would be
opened to relieve the canal of storm water.

To prevent damage to the canal by the deposit in it of the coarse
material which a cloudburst may sweep along in the beds of the sand
washes which this part of the canal crosses, the canal will be closed
where feasible against these by means of substantial embankments
or barriers above which the flood occasioned by such a cloudburst
will be pocketed. Interconnection will be provided so far as prac-
ticable from one sand wash to the next, and at selected points the
barriers will be provided with concrete crests and protected slopes
or drops to the canal, so that when the basin behind them is full
they will discharge over the barriers into the canal. In this way a
number of pockets will be provided for the interception of sand,

avel, and cobbles, and these can hereafter be increased in extent

y adding to the height of the overfall barriers.

THE CANAL FROM SIPHON DROP TO PILOT KNOB.

At the Siphon Drop the water from the Yuma pro%'ect will be
dro?ped, as explained, to a lower level, while the water for Imperial
Valley will be held at grade. The All-American Canal, strictk
speaking, will begin at this point. It will follow rather difficult
ground, generally near and finally well in among the outlying hills
and knolls which are features of the higher ground between a number
of sand washes. An agreement will be necessary with the Southern
Pacific Co. in order to secure permission to encroach on its right of
way. In addition a bridge Wiﬂ)have to be provided for the main line
on the Southern Pacific Railroad, and one for the Inter-California
Railroad. In this section, too, the canal is to have a freeboard of at
least 6 feet. At the lower end of this section there will be a rock cut
or tunnel through a spur of Pilot Knob. Adjacent to and either
above or below this spur the Pilot Knob power station will be located.
At a convenient point below the power house offtake there will be a
controling gate in the canal. By means of this the flow in the canal
to the westward will be regulated. Any surplus water will be dis-
charged either through the waste gates at Araz or through the power
house offtake canal and a by-pass, which is here to be provided.
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CANAL LOCATION AT PLOT KNOB AND THENCE WESTERLY.

The range of hills which parallels Colorado River on its right or west
bank inaélaglifomia terminates at Pilot Knob, which lies in the extreme
southeasterly corner of California. While not very high nor of large
surface exent, Pilot Knob is nevertheless a conspicuous topographic
feature. This is due in a measure to its isolation. It is separated
from the chain of hills and mountains to the north by a somewhat
broken section of the mesa which forms the flat eastern slope of
Imperial Valley, extending from' the base of this mountain range to
the lower-lying Imperial Valley lands.

Pilot Knob 1s surrounded by this mesa formation on three sides, to
the north, to the west, and to the south. On its remaining easterly
side its base has at times been washed by the waters of the Colorado
River, and a spur of the mountain has been cut away to provide
suitable foundation for the Hanlon gate with which since 1906 the
flow of water into the Imperial Canal has been controlled. South-
ward from Pilot Knob tl?e mesa formation is much broken up by
washes which have been cut deep and wide to an outfall upon the
lower delta land of the river. The mesa elevation around the base of
Pilot Knob is generally at or above 200 feet in elevation. The
bottoms of the sand washes on the proposed canal line are generally
at about 130 to 140 feet in elevation. Between them the remnants
of the mesa, in long narrow ridges, with tops more or less broken,
extend off toward the south into Mexico. e boundary line is just
far enough south of Pilot Knob to leave space for a canal which, at
the elevation attainable under use of Laguna Dam as the point of
diversion, will cut through these mesa ridges and cross the inter-
vening washes, with water grade practically at or slightly below the
surface of the sand in the larger washes. At a point a little less than
2 miles from Hanlon’s the canal will be out of this broken ground and
the deep cut into the mesa will be continuous and uniform for about
a mile and a quarter to the easterly edge of the sand hills. )

Entering the sand area the course of the canal for another mile
and a quarter will continue parallel with the boundary, being here
located across an area over which low dunes are drifting. These
dunes are irregularly distributed. Any course through them is as
good as any other course. There was, therefore, no object in depart-
ing from a direct course westerly. But a continuation of this course
would send the canal through a broad area of high sand ridges. It
was found that by deflecting the course of the canal toward the north-
west it could be kept for a mile in a location on which the surface of
the sand was but little above the surface of the mesa and that one of
the main sand ridges could then be pierced in a cut only a little over
one-half mile in length westerly to a long, narrow, bare stretch of mesa
surface which has been designated on the maps as Government Gap.
The adopted canal location will follow this gap for 14 miles to its west-
erly extremity. For three-fourths of a mile thence, still on a westerly
course, the canal will cut through a mass of sand with a number of
summits at elevations approximately 50 feet above the surface of the
mesa. Itison this stretch of canal that the drifting sand is most likely
to ‘grove troublesome.

pon leaving this three-quarter-mile stretch the canal will be cut
for about one-half mile through the westernmost ridge of sand,
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which crests on the canal line about 80 feet above the surface of the
mesa and about 105 feet above the water surface of the canal.

On the entire canal stretch of about 104 miles through the sand-
hill area the canal will have to be cut deep into the mesa formation.
This mesa formation underlies the sand everywhere. Its surface is
smooth, with definite moderate slope from northeast to southwest.
The canal, where it leaves the sand-hill area a few hundred yards to
the northward of the watering station at the west end of the plank
road, will be in a cut about 40 feet in depth. Its water surface will
be 25 feet below the surface of the mesa. Its course will be slightly
south of west from this point, with gradual approach to the inter-
national boundary.

As an alternative proposition, consideration has been given to a
canal through the sand-hill area of smaller cross section, with higher
velocity and with bottom and sides lined with concrete. The disad-
vantage of this alternative lies in the fact that the ultimate area to be
irrigated by the canal must be taken into account at the time of con-
struction, because when once constructed there can not well be any
enlargement of a concrete-lined canal which must be kept in opera-
tion without interruption of service. The advantage of the lined
canal lies mainly in the high velocity at which the water will be
carried, thereby making sure that any sand and silt which get into
the canal will lodge elsewhere than in that portion of the canal in the
sand-hill area, where the canal is deepest in the ground and where the
removal of the sand would therefore be more difficult than from
other portions of the canal.

A lined canal would be only about 70 feet wide on the bottom, its
gradient would be about 0.00017, the velocity when flowing full
would be about 6 feet per second, and its bottom would be from
nothing to 6 feet lower than that of an unlined canal. Less excava-
tion by about 6,000,000 cubic yards would be required in its con-
struction, but the saving in cost from this reduction in yardage
would be about offset by the cost of the concrete lining.

For further information on this subject reference should be had to
the report of Mr. Preston, the engineer in charge of surveys.

At about 6 miles to the westward of the sa.nﬁ hills the canal will be
out of deep cut and a proposed mesa canal can there be supplied with
water. At this point it is proposed to turn out for use on the mesa
and lands to the northward 3,000 second-feet of the canal flow. The
remainder, or about 6,000 second-feet, will be dropped 24 feet
through a near-by power-house at mesa power station No. 1, located
about 4 miles west.

About 3 miles westerly from this power station a low-level mesa
canal, with a capacity of 500 second-feet, will be taken off and the
remaining 5,500 second-feet will be held available for use in Imperial
irrigation district and on the west-side lands.

n this canal stretch, at about 5 miles westerly from the mesa
power station No. 1, there will be a second power station. A fall of
47 feet can here be made available.

Beyond this point the construction of the canal offers no difficul-
ties, but there will be several expensive structures required to carry
the water across the deep Alamo and New River barrancas and to
provide for the wastage of surplus waters.
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At Calexico the canal will be located 1 mile to the northward of the
boundary line. It can be held at an elevation sufficient to reach the
west side canal at a point about one-half mile northward from the
international boundary. A few thousand acres of ground along the
boundarg line on the west side will be too high to be commanded b,
gravity ow. For the irrigation of these lands a pumping plant wi

e required.

IMPERIAL IRRIGATION DISTRICT, CALIFORNIA, AND [MPERIAL VALLEY,
MEXICO.

Location and description.—The Imperial irrigation district is located
in Imperial County, California, in townships 9 to 17 south, ranges 12 to
16 east. The district comprises the bottom of the south portion of
what is known as Salton Basin, the district extending from the center
of the east side of Salton Sea on the north to the Mexican border on
the south, a distance of about 48 miles, and with a maximum width
of 30 miles.

The Imperial Valley of Mexico lies south of and adjacent to the
Imperial district in California, extending a maximum distance south
of the boundary line of about 20 miles and having a length parallel
to the boundary of about 50 miles.

The Imperialv Valley, both of California and Mexico, comprises the
north slope of the Colorado River delta, which has been built across
the north end of the Gulf of California during past ages. The crest
of the delta is in Mexico, about 20 miles south of the border in the
vicinity of Volcano Lake and along the line of Bee River, which
is the present channel of the Colorado River. The valley ranges in
elevation from about 100 feet above sea level in the eastern portion
of the Mexican lands to about sea level on the California-Mexican
border and to 250 feet below sea level at Salton Sea.

The principal towns of the project in California are Calexico, near
the boundary; El Centro, in t}?e south-center; Brawley, in the north-
center; and Niland, near the north end. The principal Mexican town
is Mexicali, near the west end of the Mexican tract and just south of
the border, and other important railroad stations are Hechicera, near
the center, and Paradones, near the east end.

The railroads of the gr(}ject are the main line of the Southern Pacific,
touching the north end of the Imperial district in California, a branch
of the Southern Pacific extending south from Niland through the
center of the district to Calexico on the border line, and the San Diego
& Arizona (in Mexico called the Inter-California) Railway, running
west from Yuma through the Mexican lands and north into the Im-
perial district at Calexico and to El Centro and west to San Diego.

HISTORICAL.

* * * Dr. 0. M. Wozencraft, as principal promoter, with Ebenezer Hadley, the
county surveyor of San Diego County, as his engineer, worked out a project some 60
years ago for the colonization and development of lands in California under irrigation
with Colorado River water. Their proposition involved a diversion of water from the
river toward the west into the region drained by the Alamo River, which would then
carry it, substantially as under the later scheme, to the points in California from which
it could be distributed by a canal system.
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This projectinvolved a grant of Government land to California amounting to about
3,000,000 acres. It was approved by the Legislature of California, but the necessary
bill failed to pass Congress. Subsequently an examination was made under Govern-
ment direction to determine whether or not it would be feasible to reach the Imperial
Valley without following a route through Mexico. This examination was made in
1876 by Lieut. Eric Bergland, Corps of Engineers, United States Army, who acted
under the direction of Lieut. George M. Wheeler. He ref)orted unfavorably upon a
canal location entirely in the United States, but again called attention to the natural
route across Mexican territory.

Despite this report, which was discouraging to those who desired to have water sup-
plied to the desert in a canal located throughout its entire length on United States
territory, the efforts to get water into Impenal Valley did not cease. But no propo-
gition gave promise of success until Mr. C. R. Rockwood and his associates organized
the Colorado River Irrigation Co. in 1892. Surveys were made and works were planned
to deliver water from Colorado River in California across the boundary into a short
canal in Mexico, which would discharge into the Alamo River, down which it would
then flow to a reentry into California. This comgany failed, however, and was suc-
ceeded in 1896 by the California Development Co. At the head of this company,
except for two years, 1900-1902, was the late Mr. A. H. Heber. Mr. Rockwood re-
mained in charge of engineering and construction. A reorganization of the company
in 1905 put the control of its affairs into the hands of the Southern Pacific Co. om
1910 until 1916 the property of the canal company was in the hands of areceiver. In
1914 the Imperial irrigation district was organized and two years later took over the
canal properties, which included all the shares of stock of the Mexican corporation
through which the properties in Mexico are managed.

The canal of the California Development Co., a8 originally constructed, had its head
in California at Hanlons or Hanlons Crossing, about 100 yards north of the international
boundary. The canal was cut from the river at an orllique angle, and its flow was
controlled by a timber structure. On a falling river the head of the canal and the head-
‘g:te were obstructed by silt deglgll;it, and it became difficult to keep the water flowing

om the river into the canal. e water shortages due to this cause in 1903 and 1904
and the failure of various remedial measures prompted the application to Mexico for a
concession under which a diversion would be allowed on Mexican territory. This con-
cession was granted in 1904, and operating thereunder the dredger cut was made
about 4 miles below the boundary line in Mexico, which caused the river a year later
to turn for a time inland away from its course to the Gulf.

The concrete headgate of the Imperial Canal at Hanlon, which was constructed in
1906, has a sill at elevation 100.7 feet above mean sea level. (U. S. Geol. Survey
datum.) This was at that time believed to be low enough to accomplish diversion of
the desired amount of water at any stage of the river. The large amount of sand
which has annually been carried into the canal and the depression of the water surface
in the river below the assumed minimum elevation have combined to make the
diversion of an adequate quantity of water at the river’s low stages impossible. This
is true despite the fact that a few years ago a 25-foot section of the headgate sill was
lowered 5 feet. Imperial irrigation district has, therefore, found it necessary to con-
struct temporary weirs across the river of rock and brush. Such a weir was constructed
in 1910 and annually since 1915.

There is some water obtained for the irrigation of lands in the Imperial irrigation
district and in Mexico from Volcano Lake through the Cerro Prieto Canal. This is
only a temporary expedient. The connection of the Cerro Prieto Canal with Volcano
Lake was made 1n 1916. Water has thus been made obtainable from the Volcano Lake
region while the river is high. As this water is drawn from an extensive ponded area
it 18 comparatively clear, and its use has materially reduced the difficulty with silt
in the west-side canal system. The maximum amount of water obtained from this
source has exceeded 800 second-feet. This source of supply will be available only so
long as the river is allowed tq send its flood waters against the Volcano Lake Levee.
The time will come when the river is put back upon a direct course to the Gulf, and
thereur))on this source of supply will no longer be available. (All-American Canal
report.

Regarding flood-protection -problems of the Imperial Valley, the
following is from report of Mead, Henny, and Jacobs on ‘“Irrigation
and flood-protection problems of Imperial Valley, Calif., March, 1917 :

* * * Tp 1891 so much water flowed over the western bank that it found its way
through the dense bordering growth of brush and weeds and reached the lowest part

of the Salton Sink; not, however, for a long enough time or in sufficient volume to
effect a permanent channel change.
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Concentrated flow, carrying the entire Colorado River, occurred, however, in 1905
and again in 1906, when the river left its normal course by breaking through the
lower Mexican heading of the Imperial Canal, gathered in the Alamo and New River
Channels, and flowed then to the Salton Sink, which it transformed into a great inland
sea. The cost of closing these breaks and restoring the river to its old channel was
in excess of $2,000,000.

No doubt many diversions of the Colorado River to the Salton Sink mark the past
history of that stream, but in recent times we have only the record of 1891, when a
lake of 100,000 acres, and of 1905 and 1906, when a lake of 285,000 acres was formed.

In order to insure against a recurrence of such a channel change in the Colorado
River, levees have been constructed as shown on Exhibit B. These levees are neces-
sary for the protection of Imperial Valley lands both in Mexico and in the United
States, although their location is entirely on Mexican soil. They include the following:

(a) The C. D. Levee, built by the California Development Co., extending from the
present Imperial Canal intake, southerly along the right bank of the Colorado River
a distance of 10 miles; thence southwesterly an additional distance of 17 miles.

(b) The Volcano Lake Levee, extending from Cerro Prieto, a rock mountain at the
northwesterly corner of Volcano Lake, a distance of 164 miles to a connection with
the Inter-California Railroad embankment; thence north 1} miles to a connection
with the south embankment of the Imperial Main Canal.

(c) The Ockerson Levee, constructed in 1911 by the United States for the primary
](J)urpose of returning the flow of the Colorado from the Bee River Channel, which it

ad assumed two years before, back into its previous and more easterly channel along
the base of the Sonora Mesa. During the summer flood of 1911 it was breached at
numerous points, the largest breach occurring at the Bee River Channel, which
widened until the entire river flowed down this channel to Volcano Lake, which
continues to be its course to the present time. Due to the lack of maintenance a few
additional breaches have occurred, but the major part of the levee is intact.

The total expenditure incurred to date in the above levee construction, including
closures, has been estimated at about $5,000,000. (See Exhibit F.) Aside from the
Ockerson Levee, these levees have thus far fairly accomplished their object, but not
without actual and threatened breaks that might have precipitated a calamity at any
time.

The Folitical obstacles encountered in constructing and operating the system have
been almost as serious as the physical difficulties and have at times jeopardized the
integrity of the enterprise. From its inception the project has been financed by
American capital and built with American equipment, although practically all of
the main canal and the flood-protection works and about one-third of the irrigable
area are in Mexican territory. The customs and other regulations of Mexico governing
movement of persons and*materials across the border o%rtlén cause serious and costly
delays which, in cases of emergency, might be disastrous. The situation is at times
so critical and the ability to act promptly is so vital to the safety of the enterprise
that these restrictions should be aboli ec?., The present Mexican concession is unsat-
isfactory because inadequate in several respects. It does not establish equality of
irrig;;tion charges on the two sides of the boundary; it does not authorize enlargement
of the main canal or construction of any higher canal; it does not provide for any
flood-protection works. The unstable political conditions in Mexico add to the
gravity of this situation.

Drainage.—As the district stands to-day, there is very little pro-
vision made for drainage. The need of proper drainage facilities is
bein%lfelt in different sections where the underground water is bring-
ing the salt to the surface. In these sections it is impossible to raise
a crop to-day on land that was giving a heavy yield five years ago.

Imperial Mutual Water Co. No. 3 has a few surface drainage
ditches. The usual method is to run a double system of canals with
a road between.

Imperial Mutual Water Co. No. 8 has a few surface drainage
ditches, but they are for the most part owned by private individuals
and are not kept in very good condition.

Imperial Mutual Water Co. No. 5 has an elaborate system of
surface drainage ditches. Practically every feed canal in the system
is paralleled by a drainage ditch. The usual method of placin% a
road between every feed and drainage ditch is followed. In the other
companies little or no provision has been made for surface drainage.
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The New, the Alamo, and the Greeson River channels are ideally
located for the main drainage channels of the district. At the present.
time they are used for wasteways by the several water companies.
A dam has been thrown across the Alamo River channel at a point
opposite Calipatria, and the Imperial Northend and Northside

utual water companies divert the waste water for irrigation pur-
poses.

Ouwnership and area, Imperial Valley projects.

Appropriations— Water supply.
[Joseph Jacobs’s report, April, 1917.]

Mezican use of water.—A concession was ﬁranted by Mexico in 1904
for rights of way for the Imperial Canal. Regarding water for Mexi-
can lands, this concession provides as follows:

The Sociedad de Reigo y Terrenos de la Baja California, S. A., is authorized to

carry through the canal which it has built in Mexican territory, and through other
canals that it may build, if convenient, water to an amount of 284 cubic meters per
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second from the waters taken from the Colorado River in territory of the United
States by the California Development Co., and which waters this company has ceded
to the Sociedad de Riego y Terrenos de la Baja California, 8. A. It is also author-
ized to carry to the lands of the United States the water, with the exception of that
mentioned 1n the following article.

From the water mentioned in the foregoing article, enough shall be used to irrigate
the lands susceptible of irrigation in Lower California with the water carried through
the canal or canals, without in any case the amount of water used exceeding one-half
of the volume of water passing through said canals. (All-American Canal Board
report, p. 20.) .

Storage required.—It is expected that some storage will be required
for full development of the lands under the Imperial Canal in Cali-
fornia and Mexico. The question of water supply and storage re-

uirements of this project must be considered in conjunction with
the subject as a whole on the Colorado River, and it is being so con-
sidered in the general water-supply report being prepared on the
Lower Colorado River in connection with the investigations required
under the Kinkaid Act.

Present status.—The present constructed works of the Imperial
Project are briefly as follows:

ere is a new heading about 6,000 feet above the old or Hanlon
heading, constructed in 1918. This is a concrete structure, with its
face parallel to the river bank. It consists of 75 gates 8 feet center
to0 center, 27 of which have a sill elevation of 98.6 feet above sea
level and 48 have a sill elevation of 106.7 feet. The height of the
stru¢ture above the higher sill gates is 21 feet. The piers are 18
ixlxﬁzhes thick, and there 1s a 24-foot pier between the high and the low
sill gates.

e main canal from the Rockwood heading through Mexico is
about 55 miles long and mainly follows an old channel of the river
known as Alamo River. Portions of the channel have been straight-
ened by constructing cut-offs, and these portions especially will
require enlarging for the carrying of sufficient water for the entire
project. Also the old channel, due to silting, has in places spread out
over considerable areas and will require dredging or reconstruction
for full development of the project. The maximum amount carried
in the canal to date has been about 6,000 second feet. There are about
70 miles of distributaries operated by the district in Mexico and about
61 miles constructed and operated by the district in the United
States. Other distributing canals and laterals in the United States
were built, and are operated by 14 separate water companies, the dis-
tributaries of these companies aggregating approximately 2,300 miles
in length. The total canals a?fi laterals of the Imperial project in
both (%alifornia and Mexico aggregate approximately 2,570 miles.
‘The distribution system of the dproject is estimated to be 75 per cent
completed. The area irrigated in the Imperial district in 1920 was
415,000 acres, or 80 per cent of the net irrigable area, and in Mexico
there were irrigated, in 1920, 190,000 acres, or 75 per cent of the net
irrigable area.

evees constructed.—C. D. Co. and Saiz Levee, built by C. D. Co.,
1906 to 1909, length 27 miles, with 10 miles enrocked.

Volcano Lake levee, built f)y C. D. Co. and United States, 1908 to
1912, and later raised 3% feet and extended to connect with the Inter-
California Railroad and with the bank of the main Imperial Canal,
length 18 miles, with 8 miles enrocked.
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Ockerson levee, built by United States in 1911, length 244 miles.
This was partly destroyed shortly after its construction and has not
since been repaired.

Operation difficulties.—A great deal of difficulty is being experienced
by the Imperial project in its operation, due to the fact that there is
no permanent diversion dam and sluicing basin at the inlet, which
condition requires the construction of a temporary diversion dam,
which is needed to enable the diversion of sufficient water through
the low period; and on account of the insufficient desilting at the
diversion point a large expense is incurred in dredging canals. The
present course of the river is following the Bee River channel to

* the southwest into Volcano Lake and it 1s silting up the lake to such
an extent as to endanger the Volcano Lake levee. Plans are now
being considered by the district to divert the river to the south and
thus keep it out of Volcano Lake.

Irrigation plan.—The present plan of the project provides for
diversion from the west side of the Colorado River at the Rockwood
‘heading, about 7,000 feet above the Mexican line, and the control of
the low-water diversion by temporary rock-and-brush weirs; a
main canal through the Imperial Valley of Mexico following mainly
the old Alamo River channel; the diversion of water into submains
and laterals for irrigation of lands in Mexico; the division of the
main canal, a short distance south of where it reenters the United
States, into the east-side high line, east-side low line, central main
and west-side main canals for the irrigation of the lands of the
Imperial irrigation district. A diversion from Volcano Lake is also
made to supplement the irrigation on the west side in Mexico and
the United States.

The present plan of flood control is by a levee extending from
Hanlon heading southwesterly to near Volcano Lake and the Volcano
Lake levee, extending from the west mesa, just north of the lake,
northeasterly to the Inter-California Railroad embankment and to
the bank of the main canal. This forms a double defense except
near the west side of the valley. It is planned to strengthen these
levees as required and also to repair tl‘l)e Ockerson levee near its
crossing of Bee River and to extend it westerly on the north side of
Bee River, a distance of about 5 miles, and at this point to cut a new
river channel southwesterly from Bee River for a distance of about 4
miles, where it will discharge into an arroyo and onto lower ground
and thus to keep it away from Volcano Lake and from threatening

" the Volcano Lake levee.

Alternate plan.—It is proposed to divert at Laguna Dam of the
United: States Reclamation Service, to enlarge the Yuma project
main canal to the siphon drop, and to construct an All-American
canal from this point to near the border line of Mexico and thence
west on the American side to the Imperial Valley. A contract has
been entered into to this effect dated October 23, 1918; between the
United States and the Imperial irrigation district. Details of this

lan, including estimate, are outlined in the section devoted to

mperial Valley, this regort.

ower requirement.—The present Imperial project is all a gravity
system and no power is required for irrigation pumping.
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IMPERIAL VALLEY INVESTIGATIONS—PRELIMINARY ESTIMATE.

\
Surveys, reports, and estimates.—Survc(aIys for the Imperial Valle
extensions were made under the field direction of Engineer H. J.
Gault during the period of August to December, 1920, covering a

0SS area o% approximately 600,000 acres, exclusive of the Imperial -
irrigation district and the Salton Sea. The total line run was 292
miles of transit and 400 miles of levels, at a field cost of about $21
per mile for the total. The survey was very preliminary in character,
consisting of an angle transit line followed by levels taken usually at
100-foot stations. The profiles generally did not follow very closely
the selected grade lines, so they are not of much value for estimating
yardage. No topography was taken, though at each transit point
the approximate slope of the ground was recorded. From these data
and E‘om inspection of the ground, appropriate percentages were
selected to be added to the economic cut for estimating the yardages
of excavation. The locations and profiles of the several canal lines
surveyed are shown on the attached drawings.

Two preliminary reports and estimates of the prt§>osed extension
&roject were prepared by Mr. Gault under dates of November 9 and

ovember 16, 1920. The surveys were not completed till later
(about Dec. 1) and Mr. Gault was then assigned to other work before
completing his report.

A soil reconnaissance was also made during the same period and
covering the same area, under the field direction of Mr. A.T. Strahorn,
United States Department of Agriculture, assisted by Mr. S. W. Cosby,
of the University of California, and a preliminary soil report was pre-
pared under date of November 12,1920. A more complete soil report
covering this area has since been compiled by Mr. Strahorn, a sum-
mary of which appears on pages 95 to 98 of this volume.

Under date of November 27, 1920, Mr. A. P. Davis, Director,
United States Reclamation Service, transmitted to the Secretary of
the Interior a report on “ Problems of Imperial Valley and vicinity,”
in which is briefly outlined the plan of the proposed Imperial Valley
extension system, including a summary o . Gault’s preliminary
estimate.

Detail surveys were made in 1918-19 under the field direction of
Engineer Porter J. Preston, of an All-American canal extending from

aguna Dam to the west main canal of the Imperial irrigation
district, for the irrigation of the Imperial irrigation district lands and
also the proposed Imperial Valley extensions. A report and estimate
was prepared by Mr. Preston under date of June 17, 1919, which
report has been published as Part Two of the All-American Canal
goardk report of July 22, 1919, by Messrs. Mead, Schlecht, and

runsky. ‘

Irrigation plan.—The plan of the Imperial Valley project is briefly
as follows:

To raise the crest of the L. a Dam 2 feet and to enlarge the
sluiceway and reconstruct the headworks and to enlarge the Yuma
gl:ﬂect main canal to the siphon dr(;f sufficient to carry the Imperial

/alley water. To construct a canal from this point on a grade con-
tour to the Mexican boundary at Pilot Knob, and thence west on
the American side to the west main canal of the Imperial irrigation
district. Outlets will be provided at points where this (the All-
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American) canal intercepts the canals of the Imperial district. Two
large drops (24 feet and 47 feet) will be required where the canal
emerges from the mesa on the east side of the valley; at these drops
power plants will be installed for irrigation pumping for Imperial
mesa lands, for the Yuma project, and also for commercial power.
Detail plans of this canal may be found in the All-American Canal
report above mentioned.
or the Imperial Valley extensions the following is planned:

A principal canal (line A) to divert on grade at mile 39 of the All-
American Canal, and to extend on a grade contour along the east
side of the Imperial and Coachella valleys, swinging around the
north end of the latter and returning on the west side of the valley,
terminating at the county line, a distance of approximately 140 miles.
One long flume will be required on the east side, and two drops on
the west side. Numerous washes will be crossed with concrete
siphons, and smaller washes will be flumed over the canal. This
canal will irrigate about 177,000 acres, vet, by gravity.

A pump canal (line D), lift 30 feet, will divert on the east mesa at
mile 31 of the All-American Canal. This canal will run northwesterly
near the edge of the sand hills for a distance of 17.5 miles to a junction
with the A canal. It will irrigate 36,000 acres net in the United
States and will also siphon across the All-American Canal to irrigate
8,000 acres in Mexico.

A gravity diversion on the south side of the All-American Canal
Oﬁ)posite the heading of the A canal will irrigate 8,800 acres net in
the United States and also 22,000 acres in Mexico, which are above
the reach of the Imperial Canal.

A %ravity canal (line E) will divert at mile 46 of the All-American
Canal and will extend northerly for a distance of 6 miles for the irriga-
tion of 15,700 acres net on the east mesa.

On the west side, at the point where the All-American Canal inter-
cepts the old west main canal, there will be a gravity diversion (line B),
which will extend northerly to the east end of Superstition Mountain,
a distance of 21 miles. This canal will be run on a lighter grade than
the old one, and will thereby gain an elevation of 23 feet and will also
irrigate by gravity about 10,000 acres net above the old canal. On
condition that the lands under the present west-side canal are Wil].ing
to ({)a their proportion of the cost, the old canal will be abandone
and the B canal constructed with sufficient capacity for both old
and new lands; if not, only sufficient capacity for the new lands will
be constructed.

At the end of the B canal a Igumping plant will be installed, lift 125
feet, for pumping into the R canal, which will extend along the
south side of guperstition Mountain for a distance of 8 miles. At
the end of the R canal there will be diversions both to the north and
south for the irrigation of 23,000 acres net. The R canal will require
three flumes, aggregating about 1,200 feet in length.

Power for the Superstition pumping plant and also for the east
mesa ]ilant will be secured from the droi)s in the All-American Canal.
A small pumping Elant may also be installed near Indio forlifting from
the A canal to a height of 50 feet to cover a small area in the north
end of the Coachella Valley. Surveys were not made covering this
area, but it is believed of doubtful feasibility on account of the limited
area of good land and to the further fact that part of the tract is now
irrigated from artesian wells.
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On the west side, above the B line and below the ancient beach line,
there is a strip of land about 14 miles wide extending from the Mexi-
can boundary north to Superstition Mountain, which appears from
the Strahorn soil survey to ge arable land. This tract contains about
14,000 acres net, and 1t could be reached with a comparatively low
lift (about 50 feet). This area is not included in this estimate as it
was not included in the Gault surveys; however, it should be investi-

ated before the final conclusions are reached as to the area under
the All-American Canal.

Data for estimates.—The estimate of the cost of the All-American
Canal as outlined in the board report of July 22, 1919, is adopted in
this report with appropriate revisions occasioned by the change in
canal capacity due to the revision of the irrigable area as determined
by the Gault and Strahorn surveys. :

For the extension canal estimates the data, including unit costs,

repared by Mr. Gault and appearing in his preliminary reports of

ovember 9 and 16 and also in his field computation books, are
generally adopted, with appropriate changes for the revision of acre-
age as determined by the recently completed soil survey. These
data are as follows:

Canal capacities.—For long canals a capacity of 1 second-foot to
100 acres, net, is figured at the lower end or at the heads of laterals
and an allowance for loss is made at the rate of 0.5 foot in depth per
day over the wetted area. Short canals are figured at a capacity of
1 second-foot to 85 acres, net, at the head of the canal.

Velocities.—A nonsilting velocity is planned, ranging from 2.5 to
3 feet per second.

Canal side slopes.—For canal construction, side slopes are planned
at 2 horizontal to 1 vertical. For canal capacity, on account of the
tendency of the silty water to build a berm against the constructed
slope, one-half horizontal to 1 vertical is figured.

Coefficient of friction.—n =0.0225.

Canal sections.

T
Base Depth Free-
Capacity. width. | water. | board. g’;‘ﬂk’s‘

Feet. Feet. Feet. Feet.
1000 500 S6CONd-fet . . ..o ouneiieiiaiae e aaaaaaaaaan 12- 30 3-5

2.0
500 to 1,000 second-feet. ............. 30- 45 57 2.5 12
1,000 to 2,000 second-feet 45- 80 7- 8 3.0 15
2,000 to 3,000 second-feet. 80-100 8-10 4.0 20

Siphons.—The 1;;rincipal canal structures are reinforced concrete
siphons crossing the many large washes. A 9.6-foot diameter barrel
1s planned, with a capacity of 434 second-feet, and one or more
barrels are used, as required. An entrance head of 0.25 foot is al-
lowed in the canal progle for each siphon, with a fall of 0.1 foot per
100 feet through the structure.

Districts.—The project is divided into several districts or divisions,
as indicated on the accompanying map, Plate XXI, as follows:
. (g) Imperial irrigation district, comprising the old water-right
ands.

(b) East mesa gravity, extending from the Mexican boundary on
the east side north to the Southern Pacific Railroad.

93715—S. Doc. 142, 67-2——8
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(c) East mesa pumping, comprising the area under the D line.

(@) Dos Palmas, the tract on the east side from the Southern
Pacific Railroad at Iris, north to range line between ranges 10 and
11 east.

{i?l Coachella Valley, the north end of the project to the end of the

e.

(f) West side gravity, the area between the B line and the Imperial
i.t;'n%ations district west boundary, extending north to the north line
of T. 14 S.

) West mesa pumping, the pumping areas on the west side.

(h) Mexican gravity and pumpinﬁ, the mesa lands in Mexico

adjacent to the border on the east side.
' Areas and status of lands.—The gross, net, or irrigable areas and
the approximate status of lands in the above districts are shown by
the following table. The net areas are the arable lands under the
proposed canals as determined by the Strahorn soil survey and as
shown by the hatched areas on the accompanying map. The status
of lands was determined by Mr. Gault from the land office records at
El Centro, and areas are here adjusted by proportion to conform to
the corrected total net areas. The results may be considered ap-
proximate only.

Areas and approximate status of lands, Imperial Valley.
[Acres.)

1 Original State and railroad lands, sales to individuals not shown.
COST ESTIMATES.

Unat prices.
Canal excavation, earth, per cubic yard............... . ee.- $0.25
Canal excavation, loose rock, per cubic yard.......... .. .60
Structure excavation, earth, per cubic yard......... .75
Backfill, per cubicyard............ .. ...l .25
Reinforced concrete, small structures, per cubic yard.. .... 30.00
Reinforced concrete, large structures, per cubic yard ... ............. 20. 00-25. 00
Lateral system, Per 8Cre. .. ..o onune i oiaeieaaataeaearaiatatenenas 16.00
Ri%ht of way, improved land, peracre...............ooiiiiiiiiiiiiiii. 125. 00
Telephone line, on main canals, permile............. ... .. ... ... 250. 00
Telephone line, on laterals, permile... . ... ... ... oot 200. 00

Administration, engineering, and contingencies, add 25 per cent to all of the above
items.
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“A’’ LINE CANAL SYSTEM,
Destign of canals.

[Oanal capacity at heads of laterals, 1 second-foot to 100 acres. Loss in canals, 0.5 foot in depth day
oveé:letted t]ma n=0.0225. Bide slopes, § to 1 for capacity and 2,to 1 for_excavation and for sgmng
we area.

Re- Depth
Total | Diver-
8 X Loss. | quired 8. V. | Base. {
tation, acreage. | sion. cfpccity. 888 | water.
Ft. per
8ec.ft.| Sec.-ft.| Sec.-ft. sec. Feet. | Feet.
73001, 13,200 132 15 147 | 0. 0003 2.3 12 4.4
4500. 400 272 24 . 0003 2.9 28 5.0
5u40. 118 28 589 | .000175 2.5 40 5.6
5000. 196 29 814 | .000175 2.7 45 6.4
9% 53 92 . 00015 2.7 45 7.4
260 56 1,275 | .00015 2.8 55 7.8
199 22 1,496 | .000125 2.7 60 8.5
330 21 1,807 | .000125 2.8 70 87
209 27 2,083 | .000125 2.9 80 8.7
} Increass length 10 par cent between stations 7300 and 5740 on account of change of line.
Canal ercavation.
1 Added for deep cuts or fills.
Nore.—10 per cent of excavation from stations 2200 to 4300 is estimated as loose rock.
Estimate of cost.
From head to railroad crossing at Iris: )
Excavation, 5,053,000 cubic yards, at 25 cents....................... $1, 263, 200
8 bridges, at $8,000.......... .. ... .l 64, 000
4 bridges, at $6,000............ ... ...l 24, 000
4 checks with turnouts, at $28.000................... ... ... ... 112, 000
3 checks with turnouts, at $19,500................................. 58, 500
7 siphons, 1,800 feet (3 tubes), at $20,245 per.100 feet............... 364, 400
2 ATITOYO CTOBSINEB. .« oot eee e eeaancanaannaaaaanneaaaaccaeannnnan 18, 000
lwasteway. ... ... . e
Telephone line, 42 miles, at $250........................

Telephone line, 160 miles, at $200.......................
Lateral system, 99,800 acres, at $16

Total................. PP 3,573,400
Administration, engineering, etc., 25 percent...................... 893,400 .
Total above railroad...........ccoviiiiiiii i 4, 466, 800

Ninety-nine thousand eight hundred acres, at $44.70.
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From railroad crossing at Iris to end:

Excavation, 5,627,000 cubic yards, at 25 cents. . ........coccoceannn. $1, 406, 800
Excavation, 347,000 cybic yards, at 60 cents........................ 208, 200
5 bridges, at $4,800. . ...... ... . .ioioiiiiaan.. e reeceaeaeaaaa. 24, 000
6 bridges, 8t $4.500. .. oo oot eaaanas 27, 000
10 bridges, 8t $3,000- -« o . moo et 30, 000
3 checks and turnouts, at $13,700........cceiiiiiiiiiiaiaaan. 41,100
6 checks and turnouts, at $11,700..........cccoiiiiiiiiiiiaiaaaanan 70, 200
14 checks and turnouts, at*$6,600..........cccoiiiiiiiiiiaaaaaaiaan 92, 400
47 siphons, 10,000 feet (2 tubes), at $13,435 per 100 feet............. 1, 343, 500
18 siphons, 3,000 feet (1 tube), at $6,625 per 100 feet................ 198, 800
30 arroyo crossings, at $7,000. ... ... ... .. iiiiiiiiiiiacianaannt 210, 000
10 arroyo crossings, at $5,800. ... .ccieoiiieiiiiii et 58, 000
10 arroyo crossings, at $3,700. ... ... ...ttt ieaaans 37,000
3,000 feet sidehill concrete flume (capacity 960 second-feet), at $40.. 120, 000
2 COnCrete droPS...ccvi i ieaiiaaaacteeataaaaaceaccaaaanan 25, 000
S WS OWAYB. - . eeenciae it ciaataaacaaactecaaraacanaacaanen 30, 000
Telephone line, 100 miles, at $250..........ccoeeeeacrinniancannnn 25, 000
Lateral system, 77,000 acres, at $16.............cooiiiiaiiaiiaaa.. 1, 232, 000
0] 5,179, 000
Administration, engineering, etc., 25 percent...................... 1, 295, 000
Total below Iris......ccoiiineiioieaeeaeeencanaceeacaaaceannns 6, 474, 000
. Seventy-seven thousand one hundred acres, at $84.
Summary of “A” line:

Total above Iris 4, 467,000
Total below Iris 6, 474, 000

Total “A” BDE. «n e ;... 10,941,000
One hundred and seventy-seven thousand acres, at $61.50.

. South side of All-American Canal (gravity): Eght thousand eight hundred acres
in the United States and 22,000 acres in Mexico. Capacity required in All-American
Canal, 308 second-feet.

Estimate of cost. !

Lateral system, 30,800 acres, at $16............... e iieeiaaaaaan $492, 800
Administration, engineering, etc., 25 percent......................... 123, 200
Total (30,800 acres, at $20)...... et eeeieceteeeiecaeaaaann e 616, 000

‘‘E” LINE CANAL SYSTEM.

Net area, 15,700 acres. Length of canal, 6 miles. Canal capaci% at head, 180
second-feet; base, 17 feet; depth, water, 4 feet; V=2.4; $=0.0003. For excavation
add 50 per cent to economic cut.

Estimate of cost.

Excavation, 127,200 cubic yards, at 25 cents........o.oieiviiiiiiiiiinn.. $31, 800
3 bridges, at 81,425, ... iii o 4,300
2 checks with turnouts, at $3,130. .. ... ..o 6.300
Lateral system, 15,700 acres, at $16... ... oiioiiiiii i iiiiiaaaaaaaans 251, 200
Telephone system, 6 miles, at $250. ... .. ... ... il 1, 500

B 0017 Y 295,100
Administration, engineering, and contingencies, 25 percent................ 73, 900

Total “E” line 8YStem ... couiuoiueiiiitiiiiitinaieiaeaaeenseans 369, 000

Fifteen thousand seven hundred acres, at $23.50.
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. ‘‘D” LINE CANAL (PUMPING) SYSTEM.

Net area, 36,000 acres in United States and 8,000 acres in Mexico. Canal capacity
at head for United States lands, 1 second-foot to 85 acres, or 425 second-feet; base,
25 feet; depth, water, 5 feet; V=3.1. Capacity at end, 25 second-feet; base, 7 feet;
depth, 2 feet. S=0.00035. Length, 17.5 miles. For excavation add 50 per cent to
economic cut; average, 460 cubic yards per 100 feet, or 24,290 cubic yards per mile.

Estimate of cost.‘ R
Excavation, 425,000 cubic yards, at 25 cents.................. ... $106, 200
RN 0 o T - 9, 000
5 checks with drops and turnouts. .. ... ... ... . ... .. .ol 37, 600
Pumping plant,! capacity, 500 second-feet; static lift, 30 feet; total horse-
power required, 2,250, at $88..... .. ... ... ... iiiiiiiiiiiiieaon. 198, 000
ission line (No. 6 wire), 11.5 miles, at $1,330............ PR 15, 300
Lateral system, 44,000 acres, at $16... ... ... ... . .....iiiiiiiiiiaaan.. 704, 000
Telephone system, 17.5 miles, at $250....... ... ...oocoiiiiiiiaiaiaat 4, 400
7Y 1,074, 500
Administration, engineering, and contingencies, 25 per cent.............. 268, 500
Total “‘D” line 8yBtemM . ..ocoiee ittt i iiaaiaaaanaann 1, 343,000

Forty-four thousand acres, at $30.60.
‘‘B” LINE CANAL (FOR NEW LANDS ONLY).
Net area 33,000 acres, 10,000 under proposed gravity and 23,000 under proposed

pumping (lift 125 feet). Length of canal, 20.6 miles. For excavation add 50 per cent
to economic cut.

Total | Diver. Required Depth E:l(l):l °'e'}i°
Station. - | Loss. : S. \'A Base. of
. | sion. ty. 100-foot
acreage. sion capacity water. ststig?‘l '
Ft. per

Sec.-ft. | Sec.-ft. Sac.-g. sec. Feet. | Feet. |Cubic yards.
............. 26,000 270 |........ (T PR ISR IR RN
790-1088. . ... ... 30, 500 45 10 325 | 0.00012°|  1.87 32 5 532
0-790............ 33,000 25 25 375 . 00012 1.9 37 5 565
Excavation 910,000 cubic yards, at 25cents.............................. $227, 500
6 bridges, at $3,000. . . ...... ... ... .. iiiiiiiiiiiiiiiiiiiiiiiiaae.s 18, 000
10 siphons, 1,400 feet (1 tube), at $6,625 per 100 feet...._ ................. 92, 800
3 arroyo crossings, at $2,700. . . . ... ... .iiiiiiiiiiiciiciiiieeaeaaaas 8,100
4 checks and turnouts, at $6,600.............cciiiiiiiiiiiiiiaiiaaaanaan 26, 400
L WSt BWAY .« . - oottt ieeeeieata e taaaaaeans 7,000
Telephone line, 20.6 miles, at $250. ... ... ... .. ....oiiiiiiiiiiiaannnn 5, 200
Total.... .ot e eeeeeeeeaaeaaa, 385, 000
Administration, engineering, and contingencies, 25 per cent............... 96, 000
B 7N 481, 000

‘““B” LINE CANAL (FOR OLD AND NEW LANDS).

Net area, 123,000 acres; including 90,000 under ¥resent canal, 10,000 under proposed
gravity, and 23,000 under proposed pumping (lift, 125 feet). Length of canal, 20.6

miles. For excavation add 50 per cent to economic cut.

1 For details see table ‘ Pumping plants, Imperial Valley investigations,’”” in Exhibit A following.
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De;;th chf:':;‘ic
of

100-foot
water. station.

Total Diver- Required
Station. acreage. | sion. Loss. capacity. S. - V. Base.

. |'Secft. | Secft. | sec. Feet. | Feet. |Cubic yards.
882 0 882 | .iieeriiannrecea]iacncece cnceeeas|onaannainn,
18 1,190 | 0.00012 | 2.6 53 1,
24 1,364 . 00012 2.65 60 8 1,310
16 L4 | 00012, 265 63 1

Fixcavation, 2,162,000 cubic yards, at 25 cents............................ $540,500

6 bridges, at $6,000....... ... ... tiiiiiiiiiaiiieiaaeaann 36, 000
2 siphons, 350 feet (4 tubes), at $27,025 per 100 feet....................... 94, 600
8 siphons, 1,050 feet (3 tubes), at $20,245 per 100 feet.................... 212, 600
3 arroyo crossings, at $9,000. .. ... ... ... iiiiiiiiiiiiiiiiiieaeaan 27, 000
4 checks and turnouts, at $19,500. ... . ... ... iiiiiiiiiiiieiieieaaaaan 78,000
B T R 20, 000
Telephone line, 21 miles, at $250.... .. .. ... .o o iiiiiiiiiiiaiiaia.. 5, 300

Total............ s e seeeeenaeeeeeaeeieecaeaaenceneeeaaenas 1, 014,000
Administration, engineering, and contingencies, 25 per cent.............. 253, 000

Total “B” linecanal......cooooeoiiioiiii i iaieaannnnn 1, 267, 000
Charge to new lands (see preceding table)......... aeeeeeecceaeaaaaan 481, 000
Charge to Imperial districtlands......... .. ..o oo iiiiiiiiaats 786, 000

WEST SIDE PUMPING SYSTEM.

Net area, 23,000 acres. Static lift, 125 feet. Total lift, 132 feet. Pump capacity,
240 second-feet. ‘‘R” canal, length, 8.15 miles; capacity 240 second-feet at head; 230
feetatend. ‘‘S” canal, length, 7 miles; capacity, 200 second-feet.

. Estimate of cost.
Pumlging plant: !
eg(\)nred horsepower, 4,750, at $50...................... e $237, 500
1,600 feet discharge pipe, 5.9 feet diameter, at $20.50.................. 32,800
Excavation, 56,700 cubic yards, at 25 cents (branch forebay)........... 14,200
Transmission line (No. 6 wire) 42 miles, at $1,330..................... 55, 900
Total.econeenineeaneneananns e eeeaeeaeaaaaeas 340, 400
Administration, engineering, etc., 26 percent...............c.caona.n 85, 100
Total pumping plant and transmission.......... s 425, 500

. “R” canal: Base, 21 feet; depth of water, 4 feet; S=0.00035; V=2.6. Add 100
per cent to economic cut for yardage.

Excavation, 310,000 cubic yards, at 25 cents................ $77, 500
3 metal flumes, total length 1,200 feet, at $15............... 18, 000
3 bridges, at $3,000. ... .. ..ceimiiiii it 9, 000
3 checks with turnouts, at $66... ... . ... ... i iiiiiiiiiiiiiiaaaa. 19, 800
5 arroyo crossings, 8t $2,700. .. ... .oeoin ittt venen 13, 500

Subtotal, “R” canal..cccoiieuiniiiiiiiiiiiiiiiiiiiiaiaiiaaaaaa 137, 800

““S" canal: Base 18 feet; depth of water, 4 feet; S=0.00035; V=2.5. Add 100
per cent to economic cut for yardage..

Excavation, 260,000 cubic yards, at 25 cents.....cccceeceeeeiecenncaaaa...  $65,000
3 checks with turnouts, at $3,000.. ... ... o iiiiiiiiiiiiiiiaiaaaaaaan 9, 000
3 bridges, at $1,750. ... et .- 5, 300

Subtotal ““S” canal...iciciiiieiaiai ettt eiieaceateaaaaaaan 79, 300

1 For detalls see table, ‘ Pumping plants, Imperial Valley investigations,” in Exhibit A fellowing.
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Telephone line, 15 miles, at $250.........ccociiimiiiiiiineneaaaanannn. $3, 800
Lateral system, 23,000 acres, at $16...............ciiiiiiiiininnnannn. 368, 000
B 588, 900
Administration, engineering, etc., 25 percent..........cioeiiiaaianan.. 147,100
Total “R” and ‘‘S” canals and lateral system...................... 736, 000
Pumping plant. .. ..ot it iaeaeaaaaaaas 425, 500
Total west side pumping system...........ccooiiiiiiiiiieinnenan.n 1, 161, 500

Twenty-three thousand acres, at $50.50.
Summary ‘‘B” line and west side pumping system.

‘“B” line canal (chargeable tonewlands).............. . .. .. ......... $481, 000
Lateral system (gravity) 10,000 acres, at $20................c...o.ooo.... 200, 000
Pumping system............. e e et eaeieeeacectaeeeaaaeaoas 1,161, 500

Y U 1,842, 500

Thirty-three thousand acres, at $56.

Summary of distribution system.
[Estimate, including all-American canal.]

“A” line canal BYStem. . . oottt itietaeeccaacae e $10, 941, 000
South side gravity area, including Mexican lands...................... 616, 000
“E” line canal 8ystem. . .....oietiineiieiiiiiiiictitetatenanenanan 369, 000
“D” line canal pumping system, including Mexican lands............. 1, 343, 000
“B” line canal and west side pumping system...........cceeeiennnn.. 1, 842, 000

T S 15, 111, 000

Three hundred thousand four hundred acres new lands, at $50.

ALL-AMERICAN CANAL.

For details of plans and estimates,see All-American Canal board
report of July 22, 1919.
et area, 815,400 acres, as follows: Imperial irrigation district,
515,000; west side, gravity, 10,000; west mesa, pumping, 23,000;
east mesa, gravity, 124,200; east mesa, pumping, 36,000; Dos Palmas,
5,300; Coachella Valley, gravity, 71,800; Mexican, gravity, 22,000;
Mexican, pumping, 8,000.

Hydraulic functions.
Depth
Total Diver- Required| Side
Statlons. acreage. | sions. | LO' |capacily.| S V. | Base. w:t'er slopes
Sec.ft.| Sec.t.

........ 5,430 [eoeneis]eneseeceeneenedeenenscfereennnnns
33 1,675 | 0.0002 8.3 54 8 141
26 3,983 . 00016 3.5 100 10 1431
15 4,680 . 00014 3.5 108 11 141
32 536 . 00012 3.5 125 13 141
36| 677 .00011| 3.5| 130 13 111
52 9, 200 00009 3.5 145 15 2:1
84 9,789 00009 3.5 157 15 1
60 9, 849 00009 3.5|. 162 16 | 21; 1§:1
75 11, 524 00008 3.5 17 16| 2:1; 14:1

1 Loss figured at 0.5 foot depth per day over wetted area.
3 Station 0 at siphon drop=station 540 approximately from dam.
3 Station 0 is at Laguna Dam.
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ESTIMATE OF COST OF ALL-AMERICAN CANAL.

Canal of capacity to serve 815,400 acres in Imperial Valley and to
carry 1,600 second-feet additional down to siphon drop for the Yuma

pro) ect

Summeary of cost of canal and distribution system and division according to benefits.

Division of cost.
Item. Cost esti- ’ " New Mexican
mate. Yuma Ii‘_rl_nllg.ftx‘ii:’sll1 United lands.
project. | “distriet. | States.
To connect withdam..........ccceeueeee.. 1$1,843,000 |............ $1,165,000 |  $610, 000 $63, 000
-American Canal:
Dam t0 Araz. . ............. fereeneanns 4,839,000 | 1$980,000 | 2,439,000 | 1,278,000 142, 000
Araz t0end-..coeececearacaracacanneans 24,091,000 [..ouennn.... , 222,000 | 7,982, ;000
Total dam and canal................. 30,773, 000 980, 000 | 18,826,000 | 9,870,000 1,097, 000
Power plant No. 1.......... ceee| 1,380,000 [ecuieiianai]iiieniirnaie)irniiiiiinet]eeneenaaaan .
Power plant No. 2......0ccceiuiinnannnnn. 1 927000 ................................................
Total power........ eesevecsasscnanas 3, 307,000 3 528, 000 | % 2,051, 000 4 596, 000 4132, 000
Distﬂbution gystem:
“A” line system. 10, 941, 000
South side gravity.. 616,
“E” line system. . 369,
“D” line system, iucluding pump..... 1,843, 000
¢“B” line system, including pump..... 1, 842, 000
15,111, 000 14, 461,000 650, 000
49,191,000 | 1,508,000 | 20,877,000 | 24,927,000 | 1,879,000

ed under contract with Im

1 Determin
All-Amerlcan Canal proportioned according to acreage.
3 Determined by ratio of cost of 8,500 water h
8 Commercial power (33,000 water horsepower) all charged to Imperial irriga:

1irrigation district dated Oct. 23, 1918. Dam and balance of

wer to total water horsepower.

tion district.

¢ Power required for pumping (20,200 water horsepower) charged at cost of power plant.

¢ Lateral system o

¢ Lateral system :mdy proportion of pumping plant only.
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Cost per acre.

Imperial irrigation district, 515,000 8CT@8. - .. vccveueenrauenraceacennanenn-
New United States lands, 274,400 acres. .. ..
Mexican lands, 30,000 8CTe8. ... ..coeniiieeeieeeiai et aaaaaan

ExHiBIT A.

DEPARTMENT OF THE INTERIOR,
UNITED STATES RECLAMATION SERVICE,
Denver, Colo., January 14, 1921.
From: Chief Engineer.
To: Project manager, Yuma, Ariz.
Subject: Pumping station, Imperial Valley—Imperial Valley investigations.

1. There is given herewith the estimated construction cost of three pumping plants
in connection with the Imperial Valley investigations, as requested in your letter of
December 22, 1920. The data on which these estimates were based are given in the
following Pable.

2. These estimates are based on the following assumptions:

Location, plants placed on the banks of canals, similar to the design of the B lift
pumping plant for the Yuma auxiliary groject. Buildings, reinforced concrete,
plain walls. Transformers, 33,000/22,000 volts. Motors, 2,200-volt, 3-phase, 60-cycle
synchronous motors. Pumps, vertical centrifugal.

3. The cost of discharge pipes and transmission lines is not included in this
estimate.

F. E. WEYMOUTH.

Note.—The Indio plant shown in the following table was first considered, but it
developed from the survey that there is so little arable land above the gravity line
the plan was abandoned. It is possible, however, to install several small pumping
plants in the Coachella Valley.—C. C. F., $—4-21.

Pumping plants—Imperial Valley investigations.

Total
Size
Total | horse- | Num- Pump
Plan Capac- | Static motors | Size [Specifici Pum

t. ity. 1ift. m p‘;’.:_" ug:{s (horse- | pumps.| speed. spem{’ °?tpy“.

quired. " [power).
Sec.At. Inches. Sec.ft.
388 30 31.0 | 1,750 600 54 261 360 130
270 132 | 138.0 | 5,350 4| 1,400 36 126 600 60
18 56 57.0 980 500 30 169 450 58

Estimated cost.
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PARTICIPATION BY CONTRIBUTING AGENCIES.

In order to comply with section 4 of the act, the following letter was
addressed to the Imperial irri%?,tion district and similar letters to
the other interests involved. (For act, see p. 196.)

WasHINGTON, D. C., November 11, 1920.
IMPERIAL IRRIGATION DisTrICT,
El Centro, Calif.

GENTLEMEN: In connection with the investigations required by the Kinkaid Act
we have now under way the making of the necessary surveys, bonnﬁs, examinations,
and studies required for the report, and so far as these are available they will be
reported to Congress in accordance with the above act on the 6th of December. The
one question that has not yet been covered is required by section 4, as follows:

*“What assurances he (the Secretary of the Interior) hasbeen able to secureas to the
approval of, participation in, and contribution to the plan or plans proposed by the
various contributing agencies.”’

In general, the character of report which I expect to make and which I hope the
Secretary and Congress will ap¥>rove is that we should undertake to irrigate all of
the American lands that can be feasibly irrigated by gravity and reasonable pumping
lifts, and that thisshould be the primary use of the waters of the Colorado. Secondarily,
we should develop as much power as can be done without seriously interfering with
the primary use of the water above stated. .

The principles to be followed in the distribution of the power are as I take it, that
each shall have preference in the following order: First, the pumping of Colorado
River water for irrigation; second, the local needsof the municipalities irrigated from
Colorado River water; third, use by other municipalities; and fourth, disposal to
private interests for pumping or other uses. This means that the various irrigation
districts should have first preference for such power as they need for pumpinﬁ‘and
municipal use; second, that munjm;:galities like the cities of Los Angeles, San Diego
or any other towns that can be reached by the lines of the sytem should be serve
to the extent that they desire, and anything that is left over after this should be
disposed of to railroads or any other customer that can be reached.

'he general principle I doubt not will be that all interests will contribute in pro-
portion to benefits as nearly as these can be determined, the United States standi
the proper proportion for the public lands served and each of the districts standing
the requisite assessment in proportion to benefits rendered it. This will involve some
difficult determinations of relative benefits, such as the relative values of water for
gower and for irrigation and the benefits of flood control, and these problems will not

e easy to solve. . X

The general discussion of the subject held in San Diego, I believe you will recall,
was to the effect that the Secretary of the Interior was to be designated as the arbiter
concerning such matters, and his opinion as to the proportion the United States should
bear is required by the Kinkaid Act.

The general application of this principle is not insisted upon and should not be, if
any better method can be suggested. On these points we would like to have the
opinion of your district and eventually have something in writing which I can quote
in mly report expressing the desire of your district for participation in the power
development, if you have such desire, of course, accompanied by the expression of
your willingness to participate in the expense of construction.

I am starting West and will spend some weeks in the study of the Colorado River
problem, preparing the report required b&r Congress on the 6th of December. My
address will be Yuma, Ariz., and I should like to hear from you at that point as to -
whether the above principles are satisfactory and whether or not your district will
contribute its proportion on this basis. .

Very truly, yours,
A. P, Davis, Director.

Several replies to the above have been received, as follows:

IMPERIAL IRRIGATION DIsTRICT,
. El Centro, Calif., November 23, 1920,
Mr. ARTHUR P. Davis,

Director United States Reclamation Service, Washington, D. C.
DEAr 81r: We have your favor of November 11, 1920, advising that the Secretary
of the Interior will, in accordance with the terms of the Kinkaid Act, report to Congress
on December 6 next the result of the investigations required by that act and will
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recommend a definite plan of construction procedure adequate to meet the needs of
Imperial Vallfg.

e are gratified, indeed, by the progress made by your department in the prose-
cution of necessary surveys and investigations required to be made in order that
Congress may be fully advised as to the scope, feasibility, and immediate necessity
for the construction of works on the lower Colorado River outlined in the bill intro-
duced at the last seesion of Congress as H. R. 11553, and we have the greatest con-
fidence that the effect of your work-in this connection and your report on existing
conditions will result in the present formulation of a feasible plan for the safeguarding
and proper development of the Imperial Valley and adjacent lands, which will be
authorized by necessary congressional action. .

You state: ‘‘In general, the character of report which I expect to make and which I
hope the Secretary and Coni;eee will apProve is that we should undertake to irrigate
all of the American lands that can be feasibly irrigated by gravity and reasonable
gu.mping lifts, and that this should be the primary use of the waters of the Colorado.

econdarily, we should develop as much power as can be done without seriously
interfering with the primary use of the water above stated.”

With this general statement of plan to be advocated we heartily concur.

Your letter points out that the report to Congress must discloge ‘ What assurances
he (the Secretary of the Interior) has been able to secure as to the approval of, par-
ticipation in, and contribution to the plan or plans proposed by the various contrib-
uting agencies. ”’

We feel that the general plan covered in the report and recommendations soon to
be submitted by you to the Secre of the Interior and by him to Congress very
largely results from the long-continued efforts of the people of Imperial Valley, actin,
through the Imperial irrigation district, to safeguard our property and improve an
stabilize conditions affecting the right of our people to continued and sufficient use
of the waters of the Colorado for irrigation purposes. We therefore state unreservedl
that we approve of the plan of work and policy to be adopted, as stated in paragrap!
3 of your letter, and will, when lawfully authorized so to do, participate ratably and
equitably in the cost thereof, as the same may be hereafter properly determined.

At the meeting held in San Diego, Calif., August 2 last, which was called primarily
for the purpose of securing an expression of views of owners of lands tributary to the
flow of the Colorado River in order to determine how large an area would participate
in the investigations contemplated and in the cost of works found to be feasible, a
discussion of ‘‘power development” and an offer of * participation in cost and inter-
est in proportion to benefits received’’ was developed, by some of those present who
were not landowners adjacent to the Colorado River, along lines in which we do not
concur.

We hold that it is necessary to build a storage dam at Boulder Canyon site for the
purpose, fundamentally, of impounding and controlling a sufficient amount of water
to permanently and adequately irrigate all lands below that point, both public and

rivate, which are susceptible of economic reclamation by the use of such waters.
e sboraie of such waters and their daily discharge under control will very largely
decrease the element of danger of 1oss to lands resulting from flood and overflow waters
of the Colorado River, and hence is to be reckoned as an additional benefit accruing
to lands irrigated from storage.

Some lands, by reason of location with respect to the channel of the Colorado River,
will be benefited more than others by the lessening of the danger of flood and over-
flow, just as other lands which are not now irrigated may be more greatly benefited
by storaﬁe and the development of a supply of water for irrigation geurposes These
and similar questions which should determine the cost per acre to be paid by lands
benefiting by works to be undertaken on the lower Colorado River should be arbi-
trated and acreage charges fixed by the Secretary of the Interior. The Government
of the United States should contribute in proportion to benefits so derived to the
extent of its public lands served by such works.

1f it is found to be possible and expedient to develop hydroelectric power at the
storage-dam site without seriously interfering with the primary use of the structure
for storage and flood-control purposes, such power should be regarded as a by-product
belgngmgto the lands which pay for the construction of the works, and the proceeds
derived from the sale of such by-product should be applied to the reduction of cost
charges to be Paid by the owners of the lands contributing thereto. We believe that
all matters relative to the sale and disposition of power may under this theory be
groperly left for determination to the Secretary of the Interior or other governmental

epartment or agency which shall have the administrative charge of the property.

owever, since the investigation of the Boulder Canyon storage-dam site has not
yet been completed, and it can not now be determined whether such site will be found
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to be feasible, nor to what extent it can be utilized for the development of hydro-
electric power, it seems to us that it would be extremely difficult at this time to con-
sider or determine the relative proportions of the total cost which might properly be
assigned to storage, flood-control, and power developntent.

Until the investigations are completed and cost estimates based thereon submitted
to the different irmgation districts now cooperating under the terms of the Kinkaid
Act, so that they be examined and an approximation made of the acreage charges
necessary to cover the cost of the proposed works, it would be impossible for us to
decide whether or not we can cooperate in power development. .

We would prefer, then, that the investigations be continued to completion at the
expense of the irrigation districts now contributing, and that the matter of the nature
and extent of participation to be guaranteed by the several districts affected be there-
after considered and determined.

In our judgment, Mr. Davis, it is more vitally necessary now than ever before that
a definite plan for development of the lower Colorado River Basin must be decided
uf)on, and that Congress must assist by appropriate legislative action in the accom-
plishment of the work if disaster to our valley is to be averted. You know personally
and officially the elements of hazard, uncertainty, and extreme danger in our situa-
tion, which will not permit of longer delay in dealing with the situation in a broad
and permanent way. :

We trust that the work now in progress will be prosecuted as rapidly as possible, and
that you will soon be able to report definitely upon the feasibility of the Boulder
Canyon Dam, and that a bill may be framed to give full force and effect to the recom-
mendations contained in the Secretary’s report to Congress.

Respectfully submitted. '

By order of the board of directors.

J. S. NICKERSON, President.

DEPARTMENT OF PUBLIC SERVICE,
° Los Angeles, November 22, 1920.
Hon. ArRTHUR P. DaAvis,
United States Reclamation Service, Yuma, Ariz. .
My Dear MRr. Davis: T have your letter of the 11th instant in reference to proposed
developments on the Colorado River and in reply beg to say:
The principles outlined by you to govern participation and order of preference
ap'gﬁar to me sound and reasonable. . )
e city of Los Angeles, I am convinced, would be willing to participate in the
expenses of power development.
urthermore, I am equally confident that the city of Los Angeles would undertake
special financing on a large scale for the power project under conditions prescribed
’]Huthe Government, protecting the Government, the city, and other participants.
is plan would probably be in the interest of an early commencement and completion
of the work.
Later, when you shall require it, a formal statement will doubtless be issued by
the proper authorities defining the attitude of Los Angeles upon such power project.
Ishould add that Mr. W. B. Mathews, special counsel of the Los Angeles department
of public service, with whom I have been conferring on the above matters, fully
concurs in the views here expressed. :
Very truly yours,
Wu. MureOLLAND, Chief Engineer.

CoacHELLA VALLEY CoUNTY WATER DisTrICT OF RIVERSIDE COUNTY,
Coachella, Calif., November 28, 1920.
Hon. ARTHUR P. DaAvis,

Director United States Reclamation Service, Yuma, Ariz.

DEeAR S1r: Your favor of November 11, in which you outline the general principles
under which you (fropose to distribute the costs and benefits in carrying out the
project to be considered in your report to Congress under the Kinkaid Act, has been
received, and has been under discussion by this board upon several occasions.

This district board is in accord with and indorses the general principles as therein
outlined by you and wishes to state that it is desirous of participating in the project
a8 & whole; provided, however—

First. That the final report shows that it will be practical from an engineering and
economic standpoint to this district.
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Second. That there be a fair, just, and equitable distribution of the costs of the
entire project.

This district board wishes to express itself as being in harmony with the idea that
has been expressed by numerous orﬁanizaﬁons and bodies relative to having the
Secretary of the Interior act as a final arbiter when the question of the distribution
of costs and benefits will be considered.

Thanking you for your courtesy in this matter, and assuring you of our sincere desire
to cooperate in working out the problems under consideration, we are,

Very truly yours,
CoAacHELLA VALLEY CouNTy WATER DisTrICT,
By S. 8. M. JENNINGS, President.

ParLo VERDE JoINT LEVEE DIsTRICT,
Blythe, Calif., November 27, 1920.
Mr. ARTHUR P. Davis,
Director United States Reclamation Service, Yuma, Ariz.
. l]l)EA'R Sir: Replying to your letter of November 11, I respecttully” submit the
ollowing:

I have ascertained the opinion of the people of the Palo Verde Valley to an extent
that enables me to assure you that if the investigations and surveys now being made
at Boulder Canyon prove the feasibility of the construction of a reservoir at that place
of sufficient capacity to control the flood waters of the Colorado River and to furnish
water to all irrigable lands lying below that point, at a cost consistent to the benefits
that should be derived by the construction of said reservoir, that the district will
garplcl ate in the cost thereof to an extent compatible to the benefits that should be

erived therefrom. .

We feel that the primal motive for the dam’s construction should be the reclamation of
alllandsthatcan be profitably irrigated below the Boulder Canyon site, both by gravity
flow and where practicable by pump lift. and that, provided Mexico desires to partici-
Pate in the costs of the undertaking, provisions be made to meet her requirements. _

We believe that the development of hydroelectric power at the proposed reservoir
is essential to the economical consummation of the %reat undertaking; that the reve-
nue derived from the sale of this electric power should greatly lessen the burden that
must be carried by the various districts participating in the work.

_We believe that this power should be owned by and operated for the benefit of the
ihstricts, and we favor your plan of distribution as outlined in paragraph 4 of your .
etter.

We feel that in the development of hydroelectric power the fundamental object
of the proposed reservoir’s construction should never be lost sight of; that regardless
of the desirability of maximum power production the water level in the reservoir
should be held at such levels as will at all times control the flood water and will provide
adequate irrigation water during years of low-water run-off.

Paragraph 5 of your letter meets with our hearty approval. :

We are greatly pleased by the progress that has been made by your department in
the great undertaking, and deeply appreciate your personal interest and untiring
efforts iP the work. fall

ours very respectfu
Ty respe i Ep F. WiLLiAMs, President.
‘W. J. BUrToON,
President of the Palo Verde Mutual Water Co.

Yuma County WATER USERS’ ASSOCIATION,
Yuma, Ariz., May 16, 1921.
Hon. A. P. Davis,
Director United States Reclamation Service.

DEAR Sir: Replying to your letter of the 10th instant, addressed to the president
of this association, upon unanimous approval of our board of governors, expressed
at an adjourned meeting held this day, we respectfully submit the following sup-
plemental statement to our resolution of November 29, 1920:

After having obtained the opinions of many of our shareholders with reference to
the storage and power propositions purposed at Boulder Canyon, we believe the
sentiment of a great majority of our constituent members to be such that if the
Boulder Canyon project is declared to be feasible to the extent of controlling the
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flood waters of the Colorado River and of furnishing irrigating water to all of the
irrigable lands lying below said point, as well as for sufficient hydroelectric power
for the lands and adjacent territories, at a cost consistent with the benefits to be
derived from the construction of the reservoir, that the Yuma Valley water users
will participate in the cost thereof to an extent compatible with the benefits the
valley should derive therefrom.

We believe that the development of hydroelectric power at the proposed reser-
voir is essential to the complete welfare of the project, and that the revenue to be
derived from the sale of this electric power should greatly reduce the ultimate cost
of t_hetundertaking to the various districts participating in the construction of the
project.

We believe that said power should he owned by and operated for the benefit of
the various cooperating districts, and we favor your plan as outlined in paragraph
4 of your letter of November 12, 1920. .

_Your scheme of contribution in proportion to the benefits to be derived by each
district seems to us to be proper, and we believe the colossal scheme of conserva-
tion as undertaken by you and your associates to be the only reliable solution for
controlling the flood waters of the Colorado, supplying a bountiful and dependable
supply of water to the greatest number of settlers and furnishing incomparable hydro-
electric energy.

Very respectfully yours,
‘WM. WISENER, President.
H. L. BELTZHOOVER, Secretary.

DEPARTMENT OF PUBLIC SERVICE,
Los Angeles, Calif., December 15, 1920.
Hon. ArTHUR P, DAvIs,

Director United States Reclamation Service, Washington, D. C.

Sir: The city of Los Angeles is deeply interested in 1{01“ invesﬁg:;ion of the subject
of water and power development on the Colorado River, regarding it as a matter
directly and vitally affecting, in its possibilities, the prosperity and welfare of Cali-
fornia and the whole Southwest.

The officials and the people of Los Angeles will, we are confident, specially welcome
the opportunity to participate with other cities, districts, and communities in the
cost of power development on the Colorado under a plan or policy established by the
United States Government.

Moreover, we ﬁrmlgnbelieve that the people of Los Angeles would authorize the
city to undertake the financing of a major power project on that river, under conditions
prescribed by the Government, assuring the city of a share in the power commensurate
with its investment, and, at the same time, reserving the privilege for other communi-
ties to become Part.lcipants in the benefits of such development.

Very truly yours,
MerepiTH P. SNYDER, Mayor.
. Howarp ROBERTSON,
President of Board of Public Service Commissioners.
Wu. MULHOLLAND,
Chiﬁf Engineer of Water Works.
E. F. ScATTERGOOD,
Chief Electrical Engineer.



SOIL SURVEYS.

CLASSIFICATION OF S8OILS BORDERING THE IMPERIAL VALLEY.
By Charles F. Shaw, Professor of 8oil Technology, University of California.

. April 22, 1921.

The following report on the character of the soils of the regions
bordering the Imperial Valley is based largely on the very careful
and thorough examination of these soils that was made by Mr. A. T.
Strahorn, of the Bureau of Soils, and Mr. S. W. Cosby, of the Uni-
versity of California. The writer went over the area with these men,
discussing the classifications that they had made and examined and
studied the definite bodies of soils as delineated on their maps.
Earlier investigations of portions of this area had been made in the
course of other surveys in the Imperial Valley and some supple-
mental examinations were made of lands within the general region
but outside of the area included in this survey. All of this informa-
tion is drawn upon in the preparation of this report. .

_ The soils of the east mesa are prevailingly sandy, ranging from a
light sandy loam to a gravelly sand, with %y far the larger part of a
light fine sandy loam texture. The subsoils are likewise sandy, and
quite uniform in character. These sandy soils rest upon a substratum
of compact, stratified clays, at depths of 25 feet, more or less, below
the surface. In a few places these compact clays are within 6 feet
of the surface and a few outcrops of this material give some small
areas of clay soils, usually containing alkali. These soils, together
with a few areas of steep or rdugh land along the mesa margin, with
the areas of wind-eroded ‘blow-outs’’ and the areas of dune sand,
constitute the nonagricultural lands of the east mesa. A study of
the soil maps shows that, excluding the dunes which border the mesa
on the east, there are about 54,000 acres of nonagricultural land within
the area of the east mesa.

The survey shows that this mesa includes 169,739 acres of agri-
cultural land, of which 125,227 acres are relatively smooth and level
and of good quality, while 44,512 acres are more irregular, with
scattered low mounds, ridges, or dunes that would need considerable
work in leveling in order to prepare them for irrigation. While of a
sandy texture, the agricultural lands of the east mesa are of good
quality and should give good results with the crops suited to that
region.

orth of the east mesa, from Niland to the Coachella Valley the
soils are of a poor quality. Here compact stratified clays, carryinﬁ
large quantities of alkali, are exposed on the surface or are covere
by a veneer of recent wash from the mountains on the east. Some
extensive deposits of this recent alluvium occur, but for the most part
they are considered nonagricultural because of the ever-present
danger of brief but locally severe floods which cause such serious
erosion that in spite of extensive control measures the railway
roadbed is not infrequently washed out. Of the 107,435 acres in this

93
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section (Dos Palmos unit) only 7,550 are classed as agriculturally
possible, and these are of questionable value.

The west side area, comprising all the lands west of the Imperial
irrigation district and the Salton Sea, has a widely divergent topog-
raphy, ranging from uniform alluvial slopes or smooth mesas of
considerable extent to areas of typical bad lands, eroded ridges, and
low mountains. A large area of good land lies west and southwest
of the Superstition Mountains, in a broad belt extending from the
El Centro-San Diego highway north to San Felipe Creek. These
soils consist of sands an sangy loams, with some small occurrences
of heavier-textured soils. This area occupies sloping alluvial plains
and smooth to gent}f'-undulatin low mesas, and a total of over
55,000 acres is of good quality and well suited to agriculture if water
can be supplied. "Probably much of it lies at such elevation that it
will prove impracticable to pump water to irrigate it.

A considerable area of land of agricultural value lies just above the
present irrigated lands of the Imperial Valley in a belt from 1 to 4
miles wide, extending from the international boundary north to the
Superstition Mountains. This belt of soil is more or less broken by
areas of sand dunes and in a minor way has a rather irregular topog-
raphy, but includes over 20,000 acres that can be classed as agri-
cultural land of fair to good quality. There are other areas of agri-
cultural land on the west side, usually of small extent and more or
less isolated in bodies of poor lands. A total of about 120,000 acres
of the west side lands were classed as agricultural. ’

Much of the land classed as nonagricultural (totaling over 250,000
acres) is of low value, because of either irregular to rough topog-
raphy, unfavorable soil texture and subsoil conditions, or the pres-
ence of alkali. Large areas of land with favorable topography and
good surface appearance have a subsoil composed of old, Fartiallf-
mdurated, stratified clays, usually containing considerable alkali.
If irrigated, these soils would develop alkali in the surface and would
soon become worthless. There are also broad areas of alluvial soils
on the delta of San Felipe Creek which are strongly impregnated with
alkali and which are ofliittle or no agricultural value. e develop-
ment of the west side will depend largely on the possibilities of lifting
water high enough to cover a sufficient area of the good land lying
west of the Superstition Mountains. :

The Coachella Valley, com;ﬁrising a unit of considerable extent and
importance, lies to the northwest of the Salton Sea, in the lower
portion of a long, desert valley. The soils of the valley consist
mainly of the sediments deposited by the flood waters of the White-
water River and range from light sandy soils to silt loams and clay
loams. A considerable portion of the heavier soils has heav
accumulations of alkali and is of little or no present value, althou
its ultimate reclamation by drainage and leaching is quite possible.
About 39,000 acres of this valley are strongly impregnated by alkali.

There are nearly 7,200 acres of agricultural land, lying below the
line of the canal survey in this val%e , of fair to excellent quality
suited to the production of any of the crops adapted to the climate
of the region. The extension of irrigation from gravity canals may
cause a rising water table and an extension of the area injured by
alkali, but if the utilization of the ground water keeps the water level
down, the area of good soil can slowly be increased.
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The east mesa offers the largest area of good soil, in compact
bodies well situated for irrigation. The Coachella Valley also offers
extensive areas of good soil, well located, while the west side, though
including large areas of %ood soil, has, through unfavorable location
and high elevation, less favorable conditions for development.

Most of the land in this survey that is classed as agricultural is of
good quality, and with adequate water for irrigation should give
satisfactory yields of crops suited to the climate. ~Alfalfa, sorghums,
barley, cotton, and truck crops should do well, while tomatoes,
lettuce, cantaloupes, and other vegetables grown for the early
markets should prove successful. Table grapes, and possibly other
fruits, may prove profitableif grown in sufficient quantity to develop
adequate marketing facilities.

I consider this region, and particularly the east mesa, as an area
of great possibilities, where the investment of funds to supply water
for irrigation will make possible a material extension OF our agri-
cultural lands, the development of new rural communities, and the
establishment of a large number of settlers on farm units of high
potential value. -

SUMMARY OF SOIL SURVEY OF IMPERIAL VALLEY.
By A. T. Strahorn.

East mesa.—The east mesa occupies a roughly triangular area east
of the Imperial irrigation district and north of the international
boundary line. The gross area of the mesa is 223,878 acres. '

The soils are predominantly sands, fine sands, sandy and fine sand
loams, that are friable and porous to a depth of many feet. Wind-
blown sands and fine sands form extensive deposits on the floor of
the mesa, and over 40,000 acres of the mesa are rendered nonagri-
cultural by this material. The soils, except for a few very limited
areas, are free of alkali and possess excellent drainage features.

The wind-blown sands have a very broken topography, and an
uneven surface is formed by the old beach line and its adjacent
slopes. These districts comprise about 24 per cent of the area of
the mesa, and the balance (76 per cent) has a very uniform to slightly-
hummocky surface, none of which is too uneven to be utilized for
irrigation and cultivation.

ith  the exception of limited areas along the western margin of
the mesa, no injuriously high ground water or accumulations of
alkali are expected to develop.

The soils of the mesa have%een placed into three units, depending
upon their apparent value for agricultural development.

The following table gives a summary of the acreage of the lands
on the mesa: . :

Acres. Per cent.
Agricultural:
) 3 1T 1 1§ U 125,227 |...ceeennn...
Second unit... 44,512 [......o.....
otal..... et eeeeeaetemeseetscteeececeeeeeteateeienecaenennas 169,739 | 76
Nonagricultural lands . 24
017 223,878 100

93715—S. Doc. 142, 67-2
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Dos Palmas unit.—The Dos Palmas unit includes all the land lyin
between the Imperial irrigation district and Salton Sea on the sout
and the rough, broken lands below the base of the Chocolate Mountains
on the north, and extending for a distance of some 35 miles in a
northwesterly direction from the northern end of the East Mesa
unit. The gross area of the Dos Palmas unit is 107,435 acres.

A large part of the soils consist of faulted, folded, compacted,
heavy-textured alkaline clays, and the balance are light-textured
sandy and gravelly alluvial materials that form an extensive series
of moderately to steeply-sloping alluvial fans lying between the base
of the Chocolate Mountains and lower-lying clays. Wind-blown
materials are confined to a very few small areas of dune sand.

The unit is crossed by hundreds of washes and arroyos of varying
size that serve to carry the storm waters from the higher lands north
of the area surveyed. Owing to the violence of many of the storms
the channels are often of not sufficient capacity and the storm waters
frequently cover extensive areas of land, as short but violent floods.

A large part of the soils carries excessive amounts of alkali, and as
this material is associated with clg,fs that are too compact and im-
pervious to be drained, its removal is not a feasible undertaking.

There is no settlement within the unit.

Only about 7,000 acres of land possess favorable soil and drainage
features that would permit of their successful agricultural develop-
ment.

Dos Palmas unit. . Acres. | Per cent.

Agricultural 1an@. . ...t 7,550 7
Nonagricultural land. ...| 99,885 93
B 2 ....| 107,435 100

Coachella Valley.—The Coachella Valley is an oblong area lying to
the northwest of Salton Sea, and lies at the northwestern extremity of
the area covered by this reconnaissance. The gross area is 187,023
acres. Of this area there is a net agricultural area of 98,479 acres.
There are 39,515 acres of heavily alkaline lands, which can not be
handled under present conditions. . If these lands were reclaimed,
the total agricultural area would be 137,994 acres. About 64 per
cent of the area lies below the recently surveyed canal line.

The valley is a long, relatively narrow valley, extending north-
westerly from Salton Sea, and which is inclosed by the Santa Rosa
and Chocolate ranges of mountains. The floor of the valley is very
uniform, excepting for minor areas of dune sand, and the surface
rises by gradual slopes to the adjacent mountains. The lower valley
lands range from about 249 feet below sea level to about 100 feet
above. Along the bases of the mountains the surface rises to a
maximum elevation of about 400 feet above sea level.

The main line of the Southern Pacific Railroad passes through the
valley, and the several stations constitute the only towns. The
valley is well supplied with roads.

The agricultural development of the valley began about 20 years

ago, after the existence of artesian water was discovered. It is esti-
o
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' ated that there were about 9,000 acres of land upder cultivation
during the season of 1920. Alfalfa, maize, cotton, small grains,
vegetables, and a small but steadily increasing acreage of dates and
grapes are the principal crops.

he soils consist largely of alluvial sediments deposited by streams
draining toward Salton Sea. Along the margins of the valley they
are predominantly coarse textured and often gravelly. Throughout
the central portion of the valley the soils are predominantly silt
loams underli;in by fine sandy subsoils. Wind-blown sands occupy a
considerable acreage in the upper end of the valley, and where the
to;}‘ography is not too broken tIl;eﬁr may be brought under cultivation.

hroughout a large part of the central portion of the valley the
soils are %leavily alkaline. Under present economic conditions these
lands are practically worthless but they are not impossible of recla-
mation, and may be handled at some future time.

Land classification, Coachella Valley.

Acres.
Gross agricultural land....... . ... . Ll 137,994
Land with an excessof alkali....... ... ... . .. .. . .. ... 39, 515
Netagricultural land..... ... ... ... . ... ... 98, 479
Nonagricultural land. ... ... .. e 49,029
TOtRL AT« .. eeee e ee e et ettt et 187,023

West mesa unit.—The west mesa unit includes all of the desert
region lying west of Salton Sea and the Imperial irrigation district
and extending to the bases of the mountains or to adjacent areas of
rough, broken lands. From San Felipe Creek northward and along
the eastern side of the Superstition Mountains the surface is a series
of sloping alluvial fans that are traversed by hundreds of small inter-
mittent drainage channels. South of San Felipe Creek the surface is
more of a uniform mesa-like plain that extends southerly to the
international boundary. South of the Superstition Mountains this
Elain is limited on the east by an irregular area of rough, broken land,

elow which the surface is gently undulating, and is the western
extent of the Imperial Valley region. The Superstition Mountains
are a low uplift of eroded clays and sandstones in the east-central
ortion of the unit. This unit ranges from about 249 feet below sea
evel to about 400 feet above. Two branches of the State highway
between this region and western California points cross the unit, and
a number of roads and trails afford access to various districts and to
settlements to the east and west of the unit. The San Diego &
Arizona Railroad crosses the southern portion of the unit.

The soils are largely recent alluvial materials derived from the
mountain slog‘es west of the area and range from sands to clay loams
in texture. They are prevailingly light in texture, light brown in
color, and often carry considerable quantities of water-worn gravel.
Very old alluvial materials, now in the form of compacted, in-
durated, and alkaline clays, form the larger part of the rough, broken
lands in the unit and underlie considerable areas of recent alluvial
materials. Aolian materials are widely scattered over the surface
of the other soils, but usually occur as small, isolated dunes. The
very much larger part of this unit is subject to occasional overflows,
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as the stream channels are seldom sufficient to carry the volume o
storm waters. Alkali is always present in excessive amounts in the
older alluvial materials and in many of the more recent soils where}

drainage conditions have not been or are not now favorable. |
The land classification map, Plate XXI, indicates the areas of the
agricultural lands. .

West mesa unit.

Acres.
Agricultural 1ands. .......oooiiiiiii ittt e aaa 122, 697
Nonggricultural JE:3 1T 270, 965

Total

393, 662

N
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ArPENDIX D.

IRRIGATION AND DEVELOPMENT—UPPER BASIN.

In preparing this portion of the report, many sources of information
have been drawn upon. Fortunately, the different States have begun
compiling information on possibilities in that portion of the Colorado
Basin within the respective States. Many thanks are due to the
State engineers of Wyoming, Colorado, Utah, and New Mexico for
making a large part of the preliminary information being compiled
for the Colorado River Commission available in time for this report.

Especial acknowledgments are due to Mr. A. J. McCune, State
engineer of Colorado, and to Mr. R. I. Meeker, special deputy State
engineer in direct charge of work on the Colorado River for the State
of Colorado. Information on Colorado possibilities is given in con-
siderable detail in this section of the report because of the hearty
cooperation given by Mr. Meeker in the onerous task of compiling
the large amount of data concerning Colorado. Reclamation Service
engineers have also made extensive reconnaissance of projects in
Colorado.

In Wyoming possibilities .were outlined in 1915v%y the Wyoming
cooperative report participated in by the State of Wyoming and the
Federal Government through the Reclamation Service. A later recon-
. naisance in 1918 by an engineer of the Reclamation Service was made
and these two, together with the many Carey Act segregations made
in the Green River Basin, are believed to furnish very complete infor-
mation on possibilities. The filing system of Wyoming is such that
ipéi)mation on present and near future development is readily acces-
sible.

In Utah, the Uinta Basin possibilities have been well outlined by re-
connaissance by Reclamation Service engineers. One detailed survey
of the proposed Castle Peak project has also been made there. In
the remainder of the Colorado %asin in Utah the aggregate of possible
irrigation extension is not large, as compared to the other upper
States, and has been rather roughly approximated for this report.

In New Mexico the possibiﬁties have been outlined bg various
reconnaissances made by Reclamation Service engineers. State En-
gineer Gillette has also made studies of water supply for the proj}tlacts
in that State and furnished data for the Colorado commission which
have been used herein.

In Nevada possibilities, as estimated by the State engineer, aggre-
%ate 82,000 acres, of which 50,000 acres are in the upper basin.

etails of these proposed projects were not furnished in time for

this report.
99
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CLASSIFICATION OF PROJECTS.

A rou%h attempt has been made to classify the projects as to
relative feasibility. Obviously such a classification must be very
rough. That adopted is as follows:

Class A.—Projects concerning which no serious difficulties are
mentioned in the various reports considered and for which water
supply seems ample. Perhaps feasible at present time.

.Class B.—Projects which appear to be expensive.

Class C.—Extremely expensive projects which are obviously out
of the question to build at the present time.

Class X.—Small individual extensions and new ditches. These
are constantly being built and there is no way of forecasting when.
Class X may be regarded as feasible. The acreage placed in Class X
is based largely on topography of the basin and is estimated larger
where diversion is easler and water supply large.

This classification is based partly on apparent physical feasibility
as nearly as can be determineg from reading of reports and on.suffi-
ciency of water supply in accordance with standards used in this
report which are not the present standards of the Reclamation
Service, as determined by rough analyses of existing stream discharge
records made for this report. The location of the project and present
transportation service also have a bearing. There is also another
class of lands, those under existing ditches but not yet reclaimed by
settlers. It may be assumed that this class will be irrigated in the
near future.

Feasibility of a project can be determined definitely only by a
detailed and exhaustive field survey, and so far as the Reclamation
Service is concerned, this would have to be made by Reclamation
Service engineers before indorsement. Nor can the analyses of water
supply be regarded as anything more than very preliminary in nature.
Many projects included would have a much scantier supply of water
than considered desirable by the Reclamation Service. They are
included, however, because it is known that large irrigated areas
have been built up successfully on a comparatively smallf amount of
water. These are the growth of years, and it is not too much to hope
that the same efficiency will come on these possible projects with
the lapse of time.

The estimates of water consumed are based on existence of efficient
natural or artificial drainage. Without artificial drainage many of
these pro;eots will consume more water than has been estimated. In
g}(:lneral, ands in the upfer basin have good natural drainage, but
this is not true in parts of Wyoming, in Utah particularly along the
Duchesne, and in the present large projects in the Grand River Basin.
It is to be expected that the lower lands in the Yampa Basin will |
require some artificial drainage if the upper benches are irrigated.

n every project that is built provision should be made for drainage,
whether of lands in the project or of lands outside which may be-
come swamped by irrigation of the project.

Feasibility of a project depends on whether enough value is added
to the land to make it a profitable investment to the landowner.
It goes without saying that in a favorable climate, such as the lower
valleys of the Upper Basin have, more value will be added to the land
by bringing water to it than will be the case in the higher and colder
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altitudes and that, therefore, more money can profitably be spent in
such locations. :

Precipitation and the time of year it occurs also enter into the
question. In parts of the Yampa, Dolores, and San Juan basins it is

ossible to raise crops by dry farming, and bringing water to that
and will not enhance its value so much as would water on the deserts.

Transportation facilities have a major influence. The history of
the West shows that large development of natural resources has
always followed and never preceded the building of railroads.

The Upper Basin is inadequately served by railroads. The
Santa Fe touches the extreme south end, but the Union Pacific and
the Denver & Rio Grande are its only major roads, while the Denver
& Salt Lake, an ill-equipped independent, enters a small portion of
the Yampa Basin.

In Wyoming the Union Pacific crosses the southern part of Green
River Basin, and while some is adjacent, most of the 1rrigable land
lies north from 10 to 80 miles without a branch line. In Colorado
the Yampa and the White River basins lie with only the eastern end
served by the Denver & Salt Lake and a large part of the irrigable
land at considerable distance. The Grand River main stem and the
Gunnison are both well served by the Denver & Rio Grande. In the
Dolores Basin the southern end is traversed and inadequately served
by a narrow-gage branch of the same road. The entire San Juan
Basin has suffered much and been held back by the insufficient narrow-
gage branch of the Denver & Rio Grande which serves it. Much of
the irrigable land in the last two basins lies 10 to 70 miles from even
the present railroad. In Utah the Uinta Basin lies about 80 miles
from the nearest accessible railroad station, but recent plans may
result in a railroad to that locality at an early date. Aside from the
Uinta Basin, other irrigable areas of size in eastern Utah are well
served by the Denver & Rio Grande. In the south of Utah irrigable
lands lie about 80 miles from the Salt Lake route.

So the feasibility of a project may lie with something entirely
outside the physical aspect of the project itself and this has to an
extent influenced the class under which a project is placed. It is
not at all probable that every project is placed in its proper class.

In the following table are summarized the data which are developed
in detail in the pages following:

Irrigation, in acres— Upper Basin.

BY STREAMS AND STATES.

Possible future.

Irrigated,] con-
1920.

roject | Class A. | Class B.
ut not '

Class C. | Class X.

Green River Basin, Wyoming..| 357,000 92, 000 96, 000 98, 000 1 146,000 | 101,000 890,

Green River (direct), Utah..... 5,000 |.coviiieni]enniiannns 150,000 ..........feeeeieaals 155,
Yampa Basin:

Colorado......ccocvvuuennnn. 65,000 |.......... 152,000 | 93,000 | 62,000 33
White Basin, Colorado......... 35,000 |.......... 14,000 |..........lieiaaial. 16,
Tinta Basin, Utah.............. 171,000 | 27,000 |.oeeee ool | 48,000 | 54,

000
000
yoming.................. 10,000 |..........0.......... 7,000 I 3,000 |.......... 20, %
000
000



102 PROBLEMS OF IMPERIAL VALLEY AND VICINITY.

Irrigation, in acres—Upper Basin—Continued.
BY STREAMS AND STATES—Continued.

Possible future.

Under
Irrigated,| con-
1920. structed
project | Class A.
but not
yet irri-
gated.

Class B. | Class C. | Class X.

Total
ultimate.

Grand River Basin:

Main stem—
Colorado........ 251,000
Utah... 13,000
Gunnison, Col 245,000
Dolores, Colo. .. 33,000 |.
San Juan Basin:
Colorado.... 111,000
New Mexico 34,000
Utah........... 12,000
Price River Basin, Utah!. 30,000
San Rafael Basin, Utah 80, 000
Fremont Basin, Utah 1. 16,000
Escalante, Paria,and Kanab
Utah......... .. 4,000
Arizona... .. 2,000
Little Colorado Basin, Arizona 1.| 19,000
Virgin River Basin: !
21, 000
5,000
7,000

5

BY STREAM BASINS.

Green River Basin 643,000 | 119,000 | 262,000 224,000 | 1,855,000
Grand River Basin 542, 000 81,000 y 172,000 954, 000
157,000 . 36,000 886, 000
30, 000 20, 000 80, 000
80, 000 20, 000 100, 000
Fremont Basin.. 16, 000 30, 000 46, 000
Little Colorado R 19, 000 5,000 64, 000
Virgin River Basin 26, 000 5,000 66, 000
Escalante. . . . 2,000 2,000 4,000
2,000 2,000 4,000
2,000 2,000 4,000
7,000 . ... 3,000 10, 000
1,526,000 | 200,000 | 287,000 (1,005,000 | 534,000 | 521,000 | 4,073,000

BY STATES.
Wyoming.......cceueunennnnn.. 910, 000
Colorado. . 1,758, 000
Utah.... 815, 000
New Mex 517,000
Arizona. 68, 000
Nevada... . 5,000
Total..........ooeeninee. 1,526,000 | 200,000 | 287,000 Il, 005,000 | 534,000 | 521,000 | 4,073,000

! Information is very poor. It is taken from 1920 United States Census as to present irrigated acreage.
This is divided by counties which sometimes include several drainage areas. "On the Virgin and Price
laced in class X are arbitrarily assumed

some data are at hand as to definite projects. The amounts
without as good working knowledge of conditions as is at han

for other main tributaries.
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GREEN RIVER BASIN, WYOMING.

This includes the entire Colorado Basin in Wyoming except that
part drained by Vermillion Creek and Little Snake River. ,

The Green River Basin covers an area of 15,000 square miles in
southwestern Wyoming. The altitude of the basin 1s from 5,800
feet to 14,000 feet, but most of the irrigable land lies at an elevation
between 6,000 and 7,000 feet.

Average annual precipitation on the valley floor ranges from 6
inches in the south to 11 inches in the north, with 3 to 4 inches in
the growing season. In the mountain ranges it is much more.

The average annual temperature varies from 34° in ‘the northern
and higher parts to 42° at Green River.

Coal mining and stock growing are the principal occupations of
the 20,000 residents of the valley. Sixty-five per cent of these
dwell in the coal mining towns along the Union Pacific Railroad or
at Green River town which is a railroad division point for the Union
Pacific. Most of the valley lies to the north of the railroad, some of
the irrigable land being 100 miles north as the crow flies.

Present irrigation development is generally in small individual
areas mostly along bottom lands although some few fairly large
f)rojects have been built under the Carey Act. However, on these
atter actual irrigation has progressed only to a small degree. While
diversion - from tributaries is not difficult, land reached from the
main river, especially near the southern end, requires long main
canals because of the slack grade of the river.

Many projects have been outlined by surveys. Especially, much
development under the Carey Act has been proposed and several
projects have been built. e total acreage under those permits,
which also embrace Carey Act lands, is 403,000 acres. The area as
a whole is not well developed. Present irrigation is supplementary
to the stock industry, the crop being largely wild hay. Its future
development will be also a supplement to stock raising but it is .
possible to raise grain and various root crops.

. The small precg)itation and inability to spend large amounts in
ﬂreparing the land because of the short growing season will always
eep the amount of land watered per second-foot of diversion com-
paratively low. On the other hand, the short irrigation season keeps
the total seasonal diversion down. Natural drainage is not good
in parts and this with lack of precipitation and intense aridity will
tend toward a rather high consumptive use of water. Diversion
for entire basin is estimated 2.5 acre-feet annually and actual con-
sumption of water 1.5 acre-feet. :

Power developments will always be small unless it is feasible to
create head by dams on the main river. This possibility has not
been investigated. On the tributaries possibilities are small. The
irrigation, as noted herein, will use all known reservoirs and if these
plans are ever carried out, it must be at the sacrifice of some possible
power.
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GENERAL DATA.
Irrigation development.

Estimated
Present. | additional | Total

possible.

Acres. Acres. ' Acres.
Above Green River City......ccocieieiiiiiieiiieiiiiieieaeeneanannnn. 250, 000 420, 000 670, 000
glacks Fork 51, 000 12,000
Henrys Fork s 12,000 | 26,000
TOML- . eeteiieeeieieieee e e it e e e et e n e e e e e | 357,000 | 533,000 | 890,000

1 State engineer reports.
Stream discharge, Green River.
Ultimate

Present
annual dis- | Estimated | After fall

charge out | decrease.
of basin.t dgeerln?.)

Acre-feet. | Acre-feet. | Acre-feet.
800, 000

At Bridgoport, Utah .. -o.ooooenoniin e 1,920,000 ) 1,120, 000
Green River, Wyoming_ .. ... .. 00 llllllIIIIIIIII 1,380,000 | 630,000 750, 000

1 After allowing for depletion through increased irrigation during period of record.
FUTURE IRRIGATION POSSIBILITIES.

Rather extensive systems can be built covering large acreages,
much more than there is water for. These have %een outlined by
surveys both by private enterprise under the Carey Act, by the
Wyoming cooperative report between the State of Wyoming and the
Federal Government, and by a reconnaissance made by Garfield
Stubblefield in 1918.! Lack of reservoirs will prohibit development
to use the entire run-off of the basin, even if land were sufficient.

In the following list of projects the acreage only is given for which
the water supply at point of diversion is estimated to be sufficient in
most years. ile most strategic points on every stream have
records started in the past few years, yet no winter records can be
kept, the period of record is not long, and estimates must be made
" by comparison with Green River, Wyo., station, which is at a lower
altitude than the source of supply. It has been necessary also in
some cases to estimate by comparison of drainage areas.

’

Possible future projects in Green River Basin, Wyoming.

Above Green River town: Acres.
Fontanelle. ... ... oot ittt 4,000

La Barge (Carey Act list 93). ... ... ... i it . 3,000
Apex. ... e et et et 4,000
Green River (Carey Act st 49) ... .....ooiiii i 94, 000
Uinta-Fremont (Carey Act list 88).......ciiiiiiii i iaaeaaans 11, 000
Seedskadee. ...... ... i aeeeeaaaaa 2 146, 000
Big Piney—La Barge........coiiiniii i 6, 000
Individual efforts. .. ...t 60, 000
0] ) 328, 000
Hams Fork: Opal project. . ... ..ovueomnin it iiaiaiaaaanen 50, 000

1 Unpublished ‘‘ Report on Green River Basin in Wyoming, U. 8. R. 8., March, 1919. X
2 Considerable doubt as to whether so much irrigable acreage is found in project; see later discussion.
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Blacks Fork: Acres.

Uinta Nos. 2 and 3 (Carey Act list 10-70)........covneniiininnnnnnn.. 22, 000
Individual efforts. .. ... . ..ottt 29, 000
TOMBl. e eeeeeeeeeiee. 51,000
Henrys Fork: Individual efforts. ... ... .. ... ..o, —12, 000
Grand ttal.. ... eee e 441,000

The total irrigable acreage not now irrigated is much larger but is
included in unfinished projects. In the above the last item, ‘“ Indi-
vidual efforts,” is an arbitrary assumption. There is a constant
increase in irrigated land through individual effort in building addi-
tional small ditches, but there is no way of arriving at the total of
this in advance, particularly on the tributaries of Blacks Fork and on
Henrys Fork, where there are no known reservoirs, and such exten-
sions can expect water only in the first half of the irrigation season.

Classification of projects.

-Nore.—All proposed Carey act projectsabove Green River city, except Green River, are placed in class
A becauseassumed that tracts most easily irrigated were first surveyed under thisact. There is no defi-
niteinformationathand. Green River Carey actis glaced in B because of difficult canaland shallow soil.
Seedskadee placed in class C because if Green River Carey act built first storage must be provided at reser
voirs of uncertain feasibility and because canal construction difficult.

IRRIGATION POSSIBILITIES.

In considering irrigation possibilities it was found that the areas
covered by surveys exceed the water supply. Therefore, it was
necessary to—

(1) Estimate the depletion in water supply caused by develop-
ment above gaging station during the period of run-off record because
if the same cycle repeated the water passing would be less.

(2) Estimate the acreage not yet irrigated and the water supply
for partially developed Carey Act projects to get future demands in
supply by existing rights partially developed.

(3) Estimate the acreage in Carey Act projects having a water
right but not constructed.

(4) Assume an acreage which will be developed under individual
filings probably before some of the larger projects outlined.

Tgise four items are assumed to constitute a prior demand on the
water supply. If the assumptions are wrong as to acreage of these
items it makes no difference in the ultimate total because more or
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less, as the case may be, can be irrigated in the larger projects out-
lined, the building of which will be in the distant future.

For convenience of discussion, the basin is divided into four parts:
Above Green River city, Hams Fork, Blacks Fork, and Henrys Fork.

CAREY ACT PROJECTS ABOVE GREEN RIVER CITY.
FONTANELLE CREEK.

A possible project of 4,000 acres has been surveyed from this creek.
In the average year the natural run-off is almost sufficient for such a
project, but in the low years practically no water is available after
June 15. The total run-off is always sufficient for this acreage, but
no reservoir sites are known to exist.

LA BARGE PROJECT.

Acreage, gross, 4,100; net, 3,000.

Carev Act segregation list No. 93 was requested in 1912, but
refused because in petroleum reserve. Nothing is known concerning
the irrigation plan except that diversion is from La Barge Creek in
section 19, township 26 north, range 113 west.

Water supply.

Estimated ‘ Demand 4,000
average | acres, 3,000 in
discharge . project plus
La Barge ; 1,000 acres
Creek. i recent rights.
Acre-feet. ' Acrefeet
M 12000 | 1,000
June . 10, 000 3,70G
July..... 4,000 | 3,700
AUBUSE. ..o e 3,000 1,60¢
49,000 | 10,000

In the average year the supply is sufficient. In a dry year storage
required to fill the demand is 4,000 acre-feet.
eservoir.—La Barge reservoir near headwaters, capacity 4,050

acre-feet.
TEPEE PROJECT.

Carey Act segregation list No. 87 was requested in 1911, but time of
withdrawal has now expired. Acreage 15,600.

Water supply.

Estimated average discharge Middle Piney Creek: Acre-feet.
September-April inclusive. . ... . .. i 3, 500

AV L e ittt aee e eaeaeatiaiaeaeeeeaeaeaeceatatacaacaaaacaaaans 1,400

JUD . . e eeceiieieieieaeaaan 4,100
T et 3,300
AU .« ot it ieaeceeeee e 1, 500
7 13, 800

Present rights below gaging station are estimated to total 3,000
acres leaving practically no water for extensions of any sort. Ex-
tension of small rights is at a standstill now.
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NORTH PINEY—COTTONWOOD—GREEN RIVFR PROJECT.

Carey Act segregation No. 57 for 42,000 acres was made in 1909
and the system constructed. At the close of 1920, only 600 acres
were irrigated, the results being due partially to inadequate water
supply. Most of the land can be covered by canal from Green River
heading in section 3, township 33 north, range 110 west. Carey Act
szgregation No. 106 coveringra part of the original lands plus some
additional has been made. This system is now under construction
and will be complete in 1921. The irrigable acreage is 25,000.

There remains 4,600 acres in the project to be watered from North
Piney Creek, the discharge of- Whiclll) at a point above the diversions
of the original segregations is estimated to average 32,000 acre-feet.
There are almost 21,000 acres having rights on the creek and knowl-
edge is not sufficient to determine their location with respect to the
gaging station. :

tate officials state that by building reservoirs water supply can be
made sufficient for the 4,600 acres and therefore assumption is made
herein that this area will eventually have a water supply.

"Reservoir sites available: Acre-feet.
Taylor Park ... ...t i ieeeeeeaaaeaaaaa. 5,180
North Piney....couioiie i ce e ieieee e aeceacaaaraaananaeaaa 1,870

] 7Y SRR . N 11

The supply for the 25,000 acres is measured at Daniel on the Green

River and natural flow is in excess of requirements at all periods even
in the driest years.

Estimai‘:ieid
average dis- Demands
. charge, Green
. R at 25,000 acres.
Daniel.
Acre-feet. Acre-feet.
May 3 6,250
163,000 23,000
105,000 23,000
45,000 10,000

UINTA-FREMONT.

Carey Act segregation No. 88 requested in 1911 with permit
covering 14,000 acres. Time of withdrawal exI{)ired and no con-
struction commenced. Canal hcads in Green River in section 3,
township 35 north, range 111 west. Supply has been measured
only in part of 1918 and is more than ample.

APEX PROJECT.

~ Adjacent to Uinta-Fremont and covering 4,000 acres with canal
heading in section 11, township 35 north, range 111 west also has
ample water supply.
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NEW FORK RIVER AND TRIBUTARIES.,

The following projects have been constructed but are only par-
tially irrigated now:

Acres irri- Total

Name. 'Stream. gated, 1920.| irrigable.
Boulder....... ...| Boulder Creek......... 5,400 8,600
Fremont Lake. .| Pine Creek..... 1,000 7,000
East Fork..... ...| East Fork River. 1,000 4,900
Paradise!......oooiiiiiiiiiiiiiiinaa.. New Fork River......cooeevieiiiiiiifoeeneionna 4,100
L TR IR s 7,400 | 21,600

1 To be completed 1921.

Water supply is ample for these. .

EDEN PROJECT.

Carey Act lists 35 and 37 secured in 1906 and 1907.’ Permits
cover 70,200 acres, of which 60,000 are estimated irrigable and of
which 7,000 were irrigated in 1920. :

Irrigation plan.—Diversion from Big Sandy Creek in sections 17
and 27 north, range 106 west to east side of river. This is con-
structed. Diversion in section 3, township 26 north, range 106 west
to west side of river, not constructed.

Irrigable acreage, east side.......... . ... . .. . liiliiiiiiliiiiii... 40, 000
Irrigable acreage, west side......... ... ... .. . ... il 20, 000

East side canal feeds Eden Reservoir of 18,300 acre-foot capacity
now built and also picks up the waters of Little Sandy Creek. Addi-
tional storage of 105,000 acre-feet is contemplated in Eden Reser-
voir No. 2 at the headwaters.

Water supply.—Big Sandy Creek was gaged only in 1915-16 and
Little Sandy Creek only in 1911 and 1912, both for only a part of the

ear. '

y Based on this meager data, the run-off above the diversion is
estimated to average as follows: .

Bi Little

sandy. Sandy. Total.

X Acre-feet. | Acre-feei. | Acre-feet.
November to March, inclusive................... ettt 19,000 12,000

October and April......... FU 14, 000 13,000 14, 000
May... X 12, 000 2,000 14,000
June... 31,000 7,000 38,000
July. 13, 000 4,000 17,000
AUGUSE. ..o iitiitiierettaictetasetaeaaasaaas 4, 1, 000 5,000

LOEE: 1) L PP 74, 000 14, 000 88, 000

1 Lost because undivertible.
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Based on the above estimate of discharge, the present irrigation
system is sufficient in the average year for 30,000 acres, as shown
by the following:

Demand, Surplus and
Supply. | 2,500 feet urp.us an

per acre. deficits.
14,000 |............ +14,000
14,000 7,500 + 6,500
38, 000 27,600 | 10,400+ 30, 900
17,000 27,600 —10, 600
5,000 12,000 | — 7,000—17,600
88, 000 74,700

In dry years the supply will be short because of lack of reservoir
capacity.

e run-off tributary to Eden Reservoir No. 2 is estimated to be
60,000 acre-feet annually, based on fragmentary measurements
made in 1911, but about 30,000 acre-feet of this is required to fill old
rights between this reservoir site and the diversion. e remainder
should be sufficient for 10,000 acres at 2.5 feet per acre because of
larﬁe reservoir capacity to hold years of heavy run-off. The project
will eventually total 40,000 acres, and it is probable the west side
will never be built.

SUMMARY, GREEN RIVER BASIN, WYOMING.

1. Present irrigation above town of Green River:

TOrTItorial FIghtS. . ..o enneeennee e e 30, 000
Adjudicated rights. e e eeeieeeieeeeeeeaanaaanann 195, 000
Carey Act lands irrigated but not adjudicated:?
Fremont Lake project..........c............. 1, 000
East Fork...... ... i, 1,000
Bertram..........coooiiiiiiiiiiiiiiaa 700
Cottonwood .. ooueeueeeniie i 600
Eden.....oooiiiiiiiii e 7,000
Total. ..o 10, 300
BY - e e e 10, 000
Miscellaneous lands under permit, irrigated but not adjudi-
cated—an arbitrary figure......... .. .. oiiiiiiio.n 15, 000
— 250,000
2. Near-future irrigation: Carey Act lands under con-
structed or partially-constructed systems but not yet
irrigated:? .
Boulder.. ... i 3,200
Fremont Lake............oociiiiiiiiiiiiinan.. 6,000
Bast Fork....... ... 3,900
Paradise...ooooveeeini it 4,100
Green River-Cottonwood-Big Piney—
From Green River.......................... 25, 000
From Cottonwood.............c.ccieeuiannn. 4,000
67" RESEIVOIT. ... ccoieeeieeeeenannanaaaaaacans 2,100
Eden. ..o i 33,000
81,000
Big Piney-La Barge to be constructed in 1921............ 6, 000
Permits issued since 1918, total 19,200 acres, part eventually
irrigated, estimated will be...... eeseeetactecaaaaeaann 15, 000 02. 000
. —_— 102,

18tate Carey Act engineer’s estimate of irrigable acreage.
93715—S. Doc. 142, 67-2. 10
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3. Additional lands under projects on which no construction work
has been done and for which local water supply is sufficient:

Green River Carey Act...........ooiiioiiiaiiiaiianannn 94, 000
Uinta-Fremont Carey Act..........c.cciiiiiniaiann... 11, 000
La Barge. ... ..ot ,

Fontanelle....... .. ... .. o iiiiiiiiiiiaaaaannns 4,000

oo Total oo 112, 000
Without Green River Carey Act, project of 94,000 acres............... - 18,000
4. Miscellaneous individual nghts............ .. ... .. ... ... ......... 60, 000
77 1 430, 000

As the Green River project is large and as analysis for its water
supply fits in well with the Seedskadee, it is omitted from the fore-
going and placed in the following list:

Additional projects outlined by Wyoming cooperative survey, 1918, and Stubble-

field survey, 1918:
Gross acreage.

Bonneville project........oooeoiii i i, 610, 000
Small Seedskadee. .. ... .. o e 50, 000
Large Seedskadee. . . . ... .. .o i 190, 000
Big Piney-La Barge. . .. ......coooii i 15, 000
Green River (see previous list).......... ... it 117, 000

4071 N 982, 000

The above list outlines the gross acreage covered by surveys.
It vastly exceeds the net irrigable acreage.

WATER SUPPLY.

The diversion for all projects past and future is taken at 2.5 acre-
feet per acre. As the climate is very dry, consumption of water is
taken at 1.5 acre-feet per acre, with a return flow of 1 foot. As the
irrigation season is only 105 days, the amount of return flow which
can be used again is small, as there are no reservoir sites for storing
it. .

The change which will take place in discharge of the stream at
Green River by irrigation above is estimated to be as follows per
acre of land irrigated. The demand or diversion is in accordance
with present practice and the percentage of return flow each month
the same as on the Shoshone roject,gWyoming, which project has
a climate somewhat similar to Green River Basin, although warmer.

Acre-feet per acre.
Diversion. | Return. Change.
Sept.-May 15, .. 0.60 +0.00
May 15-31.. ... .08 -7
June,...... 11 - .81
July....... .14 -.78
AUBUSE . ettt ittt ettt ae i e e raa e .07 -.38
Total 1.00 1.50
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Discharge Green River at town of Green River, Wyo., average (1895~ Acre-feet.
19065 1915-1920) . . - oo e\ e ee e ee et e et e ettt e 1, 466, 000
Estimated increase of irrigation during period 1895-1920 is 110,000 acres;
if cycle were repeated, discharge would be less; 55,000 acres average

F A U s S (=Y 83, 000
Present average discharge. . . ........ ... .. .. ... ...l 1, 383, 000

Assumed near future irrigation (items 2, 3, and 4 in foregoing summary)
- 180,000 acresat 1.5. ... .o.ioi i 270, 000
7 R 1,113, 000

To determine the water available for new projects it will be neces-
sary to estimate the probable monthly change in discharge caused
by the extension of irrigation as noted ahove.

Estimated i
Discharge
ic. | change by
A enatee. > | pastandex- | PRUY
Green River, | Pected future for new

2sesions, | prjecis.

Acre-feet. Acrefeet. Acre({eet.
470,000 +141,000 11,000

139, 000 — 40,000 99,000

476,000 | —190,000 286, 000

202,000 | —183,000 109,000

2,000 | — 77,000 12,000

T PP 1,466,000 |.............. 1,117,000

However, only that part of the winter discharge which can be re-
tained in reservoirs wil{)be available for new projects. There are no
reservoir sites known on the main stream by which the return flow
can be caught and all reservoirs on small tributaries are assumed to
be and will be used for irrigation on those tributaries, if it develops
as herein outlined, leaving only reservoirs on New Fork River and at
headwaters of Green River available.

There are a number of lakes on the above headwaters listed in
Wyoming cooperative report which can be used as reservoirs.

Nothing is known of dam foundations. Such lakes are often of
glacial origin which makes the possibility of using them as reservoirs
very doubtful. If they are found infeasible, future irrigation pos-
sibilities will be reduced from the figures used here.

The following are listed:

Capacity in acre-feet.

On Green River: On New Fork River—Continued.
Green River Lake.......... 10,000 Half Moon Lake............ 95, 000
On New Fork River: Burnt Lake................ 23, 000
New Fork Lake............ 22, 000 Boulder Lake.............. 130, 000
Willow Lake............... 19, 000 _—
Fremont Lake.............. 100, 000 Total.................... 499, 000

The discharge of New Fork River and Green River at the gagin
stations nearest below these lakes is estimated by comparison Witﬁ
Green River at Green River, Wyo., to be 139,000 acre-feet out of the
irrigation season, but this is probably too high because in the lower
altitude of Green River town the winter run-off should be compara-
tively larger. Also the discharge at the lakes should be less than at
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the nearest gaging station because of higher altitude. Therefore the
winter run-off at these lakes is estimated to total 100,000 acre-feet.
This will give a supply for extension to new projects as follows:

. Average supply for new projects.

Acre-feet.

August 20-May 15, ... o et 100, 000
B s e T 99, 000
7 1 - R e 286, 000
July. oo i 109, 000
August 120, et 12, 000
B 7 606, 000

Disregarding return flow, this is enough for 240,000 acres at 2.5
acre-feet per acre diversion, for which 200,000 acre-feet of storage
will be needed in the average year. For hold-over, all the reservoir
sites noted should be constructed. : ’

If the'Bonneville project is built, some use can be made of return
flow. If the other projects—Seedskadee and Green River—are built,
there will be little opportunity to use return flow because it is to be
expected that all bottom land below Green River town will eventuall
be submerged by Flaming Gorge reservoir. However, water avail-
able to Bonneville project 1s less than the estimated amount available
at Green River and estimates made from reconnaissance show that
main canal would be expensive. It is therefore assumed that the
lower projects will be irrigated in preference to the Bonneville.

The Big Piney-La Barge project has been placed in the list of lands
expected to be irrigated in the near future, and its demands sub-
tracted from the total water supply. The remaining projects are as

follows:
Gross area, acres,

T | BT ) s L 50, 000

Large Seedskadee. . . . ... ... i et 190, 000
Green River. .. .. ... e 117, 000
b 017 S 357, 000

After reconnaissance of the first two the net irrigable acreage is
placed by Stubblefield as follows:

. Acres.
Small Seedskadee. ... ....coooiiiiiiii i it ceeecaaaaaas 28, 000
Large Seedskadee . . . ......ouiniiiiii i i 65, 000

But this figure can be increased by artificial drainage. Nothing
is known of the Green River project, but it is estimated by Mr.
Lloyd, Wyoming Carey Act engineer, to be 80 per cent irrigable—
94,000 acres, maiing a total of 187,000 acres before drainage.

If a total of 240,000 acres does not exist in these projects with
drainage, there are other possibilities along the river without recourse
to the Bonneville project in full. In townships 31, 32, and 33 north
and ranges 108 antf 109 west are shown canals diverting from Boulder
Creek and Silver Creek, for which surveys have been run. Also, the
easier part of the Bonneville project could be built.
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SEEDSKADEE PROJECT.

The Small and Large Seedskadee can be covered by the same
canal, and hence are described together.

Precipitation, 6.5 inches.

Temperature, 42°.

Between frosts (summer), 85 days.

p Tilgnsportation, 10 to 30 mile hauls to stations on the Union
acific. :

Irrigation plan.—Diversion from Green River on west bank 2 miles
above mouth of Lia Barge Creek. Thence skirting the river about 30
miles to the project, picking up creeks en route. About 5 miles is
rough going which must be flumed. Some stretches of canal must be
lined and there are two siphons crossing creeks.

Discussion as to other items concerning the project is in the general
discussion preceding, which shows that water supply is sufficient if
Teservoirs are feasibgle, and that after the irrigable acreage has been
determined it remains only to determine how many of the reservoirs
at headwaters are necessary.

GREEN RIVER PROJECT.

Statistics are the same as for the Seedskadee. It is on the opposite
side of the river and is segregated under Carey Act list No. 49. It
is said to be a ver smoothgbody of land with shallow soil. Diversion
can be accomplished by heading on west side of river on Anderson
Island, Section 20, township 25 north, range 112 west; thence about
15 miles along river to a siphon crossing to east side in section 25,
township 24 north, range 112 west; thence about 3 miles to main
body of Qa.nd. ,

Taking the Green River prcg’ect by itself, the average estimated
supply, as compared to demand, is as follows:

Supply. | Demand.

Acre-feet. | Acre-feet.
10({, 000 |............
99,000 24,000
286,000 86,000
109, 000 86,000
12,000 38,000

That is, storage at any one of the lakes is practically sufficient for
the average year, but for dry years like 1919 storage sufficient for all
of July and August and part of June is required to give a full supply,
or about 170,000 acre-feet. .

BONNEVILLE PROJECT.

Irrigation plan.—Diversion from Green River in section 14, town-
ship 28 north, range 11 east, thence to New Fork River across much
side drainage for 16 miles to a tributary of New Fork River. Diverts
from New Fork River in section 11 and township 34 north, range 110
west, thence by canal 62 miles long to Big Sandy Creek. Of this, 38
miles should be lined because in glacial material. The line contains
five tunnels, one siphon, and eight flumes.
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From Big Sandy Creek diversion is made immediately to the project
which covers a gross acreage of 610,000, of which a large part is non-
irrigable because of roughness.

BLACKS FORK, SMITHS FORK, AND BIG MUDDY.

Irrigation development from these streams and particularly from
Blacks Fork is proportionately greater than from any other tr'{)utar
of the Green in Wyoming. In an average year present rights take all
the water from Blacks Fork from July 1 until the end of the season.
On Smiths Fork and Big Muddy development has not gone so far and
present rights do not exhaust the water until about July 15.

Without reservoirs, extension of irrigation from these streams will
be limited, but at present new permits for water are being taken out
rapidly and many adjudications have been made in the last two years.

o reservoir sites have been found in Smiths Fork and Big Muddy
and no new projects have been outlined, therefore the probable ex-
tension of irrigated land is not separately treated but is 1part', of the
grand total of miscellaneous extensions given in the general summary.

On Blacks Fork reservoir sites exist as follows, nothing being known
as to foundation conditions:

On stream headwaters: Acre-feet.
[ 23 900
(0T 6, 300

A T 2 4, 600
Offstream in irrigated area, Peterson...... ... ... ... ...l 18,000
0] 7Y 29, 800

Water supply.—The estimated average flow below most irrigation
is as follows:

Acre-feet.

September-April. ... ...t 17,000
2 22,000
June...... e e e e eieaeaaaaas 29, 000
JULY .« e e e eiieieeeeiiieeeeaaaan 2,
7 7= T PR
0T ) 70, 000
Duty of water per acre—New extensions.

Acre-feet.
€2 0.25
JUDE . -t itieieeieie e 92
From storage:

July. o ol e e ettt .92
AUGUBL. .ot ieiiiaieeeaeeceeeceataeaaacaaaas .40

Storage must provide 1.32 acre-feet for each acre, which gives, if
all the reservoirs are feasible, 22,000 acres which can be irrigated in
addition to the present. - This will not give a full supply to the land
each year, as some water will be lost and in low years t¥1ere will not
be sufficient to fill the reservoirs.

Possible projects.
. Area in acres.
Reclamation Service, Stubblefield report, Churchs Butte................... 25, 000
Carey Act: . :
{Iinta No. 2, Carey Act, list 10. ... ... ..ooiiii i iiiiaiiiaannn 15, 000

Ulinta No. 3, Carey Act, list 70......oooeoimii it iiinaenss 33,000
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Nothing is known of the comparative difficulties of these projects
because there are few data on the two Carey Act projects, but it is
presumed the two latter are the easier, since they were surveyed in
1900 and 1910, respectively, while the Churchs Butte project was not
outlined until 1915. ’

CHURCHS BUTTE PROJECT.

Acreage, 22,000 net,’ 70,000 gross.
Precipitation, 65 inches.

Annual temperature, 42°.

Between frosts (summer), 85 days, average.
Transportation, Union Pacific Railroad.

Irrigation plan.—Diversion from Blacks Fork section 28, township
17 north, range 16 east; thence along left side of river to irrigable
lands lying on both sides of Blacks Fork.

HENRYS FORK.

Nothing is known of possible extension of irrigation. The discharge
of the river based on the record for 1916, which is the only year
measured, will average as follows:

Acre-feet .
September-April (inclusive)...........ooiiin ittt 9, 000
2 6, 500
JUDe . et 6, 500
B Rt 1, 200
AUgUSE . e 1,800
Total....coomii i et 25, 000

This shows that present rights above the station exhaust the flow
after June. One off-stream reservoir, basin site, has been surveyed,
but indications are that it will not hold water. Possible extension of
irrigation is limited and is placed in the grand total in the summary
of urigated acreage for entire Green River in Wyoming.

HAMS FORk, OPAL PROJECT.

Acreage: Gross, 70,000; net, 50,000.
Other statistics same as for Churchs Butte project.

Irrigation plan.—Diversion from Hams Fork in section 31, town-
ship 21 north, range 114 west; thence along right bank of river 10
mil%s to siphon crossing the river where it reaches the project.

Reservoir—On the river above Kemmerer. Capacity, 100,000
acre-feet. The site is occupied now by a branch railroad. ~Construc-
tion of this reservoir may interfere with coal mining in the vicinity.

Average estimated water supply.—Measured just below reservoir:

Acre-feet.

September-April (inclusive).........co. oo i 35, 000
3 65, 000
June. - e 33, 000
Tt 6, 000
AUGUSBE. ..o i 1, 000
TOBL. ..« et e e e e e 140, 000

122,000 acres used because of lack of water supply.
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Demand.

Per |+ 50,000
acre. acres.

Acre-
Jeet.
13, 000
46, 000
46, 000
20, 000

125,000

Assuming a use below the measuring point for old rights of 10,000
acre-feet leaves 130,000 acre-feet for a new project, which if built
to 50,000 acres will require 80,000 acre-feet of storage in the average
year. Probably 125,000 acre-feet should be built to provide reason-
able hold over. The project can expect severe shortages in dry years.
The irrigable acreage given by Stubblefield is 30,000 acres of the
gross of 70,000, but it is possible to extend to cover the lower end of
%he %eedskadee and it is assumed that 50,000 irrigable acres can be

ound.
DIVERSIONS OUTSIDE THE BASIN,

No diversions have been proposed.

Posstble power sites, Green River, Wyoming.

[Additional investigated possibilities derived from United States Geological Survey data.]

Dis-
Index
charge Avall-
o Stream. cubic’ | able H‘:‘;:f_’ Remarks.
feet per | head. | POWer-
map. second.
1 3,130 | Kendall, 150-foot dam.
2 5,340 | Kendall.
3 450 | New Fork Lake.
4 420 | Willow Lake.
5 3,100 | Fremont Lake.
6 1,780 Hlt;uk Moon and Fayette
es.
7| FallCreek..........coocooooiiniifonaaaiaias 225 860 | Burnt Lake.
8 . 1,750 | Boulder Lake.
16, 830
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YAMPA AND WHITE RIVER BASINS.

These rivers are tributary to the Green and drain the entire north-
west of Colorado, plus a small portion of southern Wyoming. The
two valleys are here treated together because of similar character-
istics and because it is proposed to use the waters of the White for
irrigation of land in Yampa Basin.

e two rivers after leaving the mountains flow westward through
a ?eat sedimentary plateau into which they have cut channels far
below the general surface of the country. There is some irrigation of
the bottom lands direct from both rivers and it is believed possible to
extend thisto some extent, in the case of the Yampa particularly; but
aside from this the flat grade of the rivers makes it difficult to divert
water from them for irrigation of the mesas on which irrigable land
may be found. Two such diversions have been proposed from White
River to lands lying north of the river, but are not included in the
total because of the reported difficulties later discussed.

Many irrigation projects have been proposed and outlined by sur-
veys, but they are all from tributaries, and there is no possibility of
using all the water in the region.

The whole area in general 1s one of the largest undeveloped regions
in the United States, having immense coal and oil shale deposits and
perhaps containing oil in commercial quantities. Its transportation
needs are inadequately served by the Denver & Salt Lake (Moffat)
Railroad, which has its present terminus at Craig, on the Yampa
River. Surveys have been made from the Union Pacific south into
the region. .

The irrigable lands are fertile and generally well drained by the
numerous tributary stream channels and coulees. The formation of
the country, which is easily eroded, makes them as a whole rolling to
rough in topography.

e altitude of the area is from 5,000 on the west to 14,000 at the
crest of the Rockies, which form the eastern boundary. The irrigable
lands, which lie mostly to the east, range from 6,500 to 7,000 feet.
Precipitation increases from about 9 inches in the west to 22 inches
at the foot of the Rockies. On the irrigable lands it varies from 12
to 22 inches. ,

The annual temperature in the irrigable portion varies from 37° to
42°, with a summer period between frosts of 65 to 90 days and an
irrigation season of from 3.5 to 4.5 months.

he comparatively large precipitation makes a high duty of water
possible and, together with the good drainage, should make a low
actual consumptioen of water. ,

Diversion duty used in computing water supply varies from 1.75 to
2.50 acre-feet per acre and the consumptive use is taken at 1.25 acre-
feet per acre for the average.

Power development can not be very extensive near the headwaters,
but below most irrigation possibilities on the main rivers dams can be
built to create head for power, and behind these dams the reservoir

capacity is sufficient to completely control the streams.
117



118

AUTHORIT(ES.

PROBLEMS OF IMPERIAL VALLEY AND VICINITY.

Data on projects have been derived from State engineer's files and
%eneral information and from field examination and report by W. R.

arkhill.t
GENERAL DATA.

Irrigation development.

Estimated
: Total
Present. | additional .
possible. ultimate.
Acres. Acres. Acres.
White RIVer. ... ... ittt ieiaaaeceeaaaaaaas 35,000 ), 65, 000
Yampa River:
{73 07 <V L 65, 000 360,.000 425,000
Wyoming..... 10,000 10, 000 20, 000
01 7Y D 110, 000 400, 000 510, 000
Stream discharge.
Present
annual dis-| Estimated Total
charge out | decrease. | ultimate.
of basin.
Acre-feet. | A Er?-fm. Acre-feet.
White River.. ... .. .. i 470, 000 3 3
Yampa River. ... ... it iie et 1, 880, 000 320, 000 1, 560, 000

NoTE.—Decrease in White River is relatively large because of diversion of 150,000 acre-feet to Yampa

Basin.
FUTURE IRRI(GATION POSSIBILITIES.

[

As stated, rather extensive systems can be built covering large
Probably most

acreages, and these have been outlined by surveys.

of the possibilities have been covered. Water sup
the point of diversion is not always sufficient for t

h

ly available at
e total acreage

included in the different projects by the surveys, and in the list
followin% only the acreage is given which can be supplied in most

years. The estimates of water su}l)pl
where discharge mecasurements are lackir ;
related drainage areas, which is not a reliable basis.

_are deduced, in some cases
ing, from run-off of adjacent

Yampa Basin projects:

(Y 1 12,000
Mad CreekK. ..o e e 5, 000
Great Northern No. 1....... ... ... ... ... ... .. ... ... .... 23, 000
Hayden Mesa.......o.oooiii i 40, 000
Twenty Mile.. ... ... .. 10, 000
Elk RIver. ... 140, 000
Yellow Jacket (from White River)...................¢ L 60, 000
Summers (PUmMpPing)...........oiiiiiiiiii it 20, 000
Dolan Mesa (Wyoming).............ocoiiiiiiiiiiiiiinnan... 7, 000
Individual efforts. ...... ... . ... ... 53, 000

—— 370, 000

1 Unoublished ‘“Irrigable Areas Yampa, White River, and Little Snake.” U. S. Reclamation

Service, 1917.
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White River Basin projects: Acres.
Yellow Jacket. ..ot ettt e e et 12, 000
WOl CTeeK. ..o it 2,000
Individual efforts. ......coiiii i e 16, 000
30, 000
e ) 400, 000

The last item in each basin, “Individual efforts,” is an arbitrar
assumption. There is a constant increase in irrigated land by build-
ing additional small ditches, but there is no way of arriving at the
ultimate total of this. The estimate used here 1s furnished by State
officials and is subject to modification upon completion of detailed
studies now under way.

Classification of projects.
Class A. Class B. Class C. Class X.

Wessels......... 12,000 {.evenennnnn
Mad Creek . .. 1000 |ovnennnn.n
Hayden Mesa....coueuiieaioiiiaiecaeenscnnsccnanenasloanacacananan 40,000 |.
Twenty Mile......cooiuiemiimiiiniiiiirarecracaaaennaafocnocannnann 10, 000
Elk River, unit 1. 75,000 |.cceoinnnnn.
Elk River, unit 2. . ..ooooiiiiiii i iiiiiieeeaaaaa]enencaeeaea]eeenaanaaann
DolBN MESA. . ..o eeriatiaiaicraenaaeacnaaaaens]oeaaecaaaan 7,000 |....
Great Northern, NO. 1. .iioiuiiiiiiiaeeaaaaranaacaaaaeannann 23,000 |-
Yellow Jacket.. 72,000 [ceeeniennnn

UTIINETS. . ... ..o0ooononosoos oo oo loeaeeeereeen 20,000
WolfCreek.....cooeiieereneannnannannnn .. 2,000 f..eunnnnnnnn

TOBL. . ceneeeeeeeeeeee e e ee e nnans 166, 000 I 100, 000 l

DESCRIPTION OF PROJECTS.

WESSELS PROJECT.

Acreage, 12,000.

Temperature, mean annual, 39°.

Precipitation, mean annual, 32 inches; irrigation season, 6 inches.

Elevation, 7,000 feet.

Transportation, Denver & Salt Lake Railroad.

Between frosts (summer), 65 days, average.

Irrigation plan.—Diversion canal heads center of township 4 north,
range 84 west, on Yampa River; thence 6 miles along the west side
of river; thence west by means of a half-mile tunnel through a ridge
to the first unit of 9,000 acres. Along this unit with half-mile siphon
across Oak Creek and back to river at Steamboat Springs. Skirting
river it reaches 3,000 acres formerly proposed in Mad Creek project.

Storage.—At Upper Bear site on %’ampa River capacity is 125,000
acre-feet, with 200-foot raise in water surface.

Duty of water.

Per acre. |12,000acres.

Acre-feet. | Acre-feet.
0.25 3,

May. )
.70 8,400
.70 8,400
.35 4,200

Total.e.enernrnennenannnnns e eeneenenereeeaeneeaeeeeaeaaes 2.00 24,000
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Water supply.—Stream is not measured at diversion.

) Acre-feet.

Discharge at Steamboat Springs. ... ... ... L il 370, 000
Discharge at Yampa. . - .. ... .o i 22, 000
Estimated at diversion (Verage). ... ........ciueiiiuniiiiiaenonnaanaann 112, 000
October to April. .. .. ... ... ..ol C ettt 28, 000
D €t 35, 000
JUDE. .« iiiiieaieiiaaan 38, 000
JULY e 8, 000
AU gUSt . L i 3, 000
Total. . .o e ieeieiiaaaaa. 112, 000

Little is known of demands of old rights on this water and no
storage may be necessary. If old rights should demand all water after
July 15, storage required is 9,000 acre-feet.

MAD CREEK' PROJECT.

Acreage, 5,000.

Statistics, same as for Wessels project.

Irrigation plan.—Diversion from Mad Creek on north line of section
12, township 7 north, range 85 west; thence down the canyon for
1 mile, where it reaches the project. Irrigable lands are rough and
rolling, lying in two equal aress.

Storage.—%s not necessary, as prior rights are in wild-hay land
which does not require water in August. Project will be sl)lrort of
water in August of(ﬁow years. Possible storage site exists at Swamp
Park in the headwaters.

Duty of water. -

Per acre. | 5,000 acres.

Acre-feet. | Acrefeet.
0.25 1,250

D2 )

L o .70 3, 500

L 2 © .70 3, 500

AUGUSE . e ieieieieieeiaeeeieaaaaas .35 1,730

7 1 2.00 10, 000
Water supply.

Average discharge: Acre-feet.

October to April. . ... ..o e 13, 000

D/ s +.. 25,000

L + T 36, 000

JUly . i ieeeeeeieaieaaas 16, 000

7 T 1 2,200

0171 G 92,200

HAYDEN MESA PROJECT.

Gross area, 68,000 acres.

Net area, 40,000 to 50,000 acres (limited by water supply).

Temperature, mean annual, 42°. )

Precipitation, mean annual, 17 inches; irrigation season, 5 inches.

Elevation, 6,500 feet:

Transportation, Denver & Salt Lake Railroad.

Between frosts (summer), 90 days average. )

Two plans have been proposed for this project. Both divert from
Williams Fork north to the project.



PROBLEMS OF IMPERIAL VALLEY AND VICINITY. - 121
PLAN NoO. 1.

Irrigation plan.—Supply canal diverts from Williams Fork on the
north side otp township 3 north, range 88 west; thence on west bank
of stream to siphon crossing Williams Fork; thence by canal to
tunnel 12,500 feet long onto land. .Irrigabfe lands lie south of
Hayden & Craig on bench south of Yampa River. The land is
rolling mesa cut by coulees to some extent.

Duty of water.

40,000

Per acre. acres.

Acre-feet. | Acre-feet.
0.25 10,000

g

.70 .
.70 2
135 14,000

2.00 80,000

Water supply.—Aside from the supply from some small creeks on
the project, water will be derived from Williams Fork, the drainage
area above the diversion point being 98 square miles. Records exist
for most of 1910 and 1911. By comparison with the discharge record
of four years at Hamilton, on Williams Fork near mouth, the average
at point of diversion is estimated to be 93,000 acre-feet and in the ex-
treme low years 55,000 acre-feet. During the period November to
February, inclusive, water can not be diverted, leaving an average
of 86,000 and a minimum of 48,000 available.

Estimated at diversion (average). Acre-feet.

October to April
May. ..
June....
July.... ceen ..
T T R

As the stream has its peak discharge in May and early June, draft
on storage must commence not later than June 15 in the average
year and in low years supply must come partly from storage for
practically all season.

Storage.—In an average year about 35,000 acre-feet are required,
and this should be increased to 50,000 acre-feet to give a reasonable
carry-over for low years.

Reservoirs.—The only reservoir known to exist is the Bunker Basin,
reached by 2 miles of canal. Capacity given is 8,300 acre-feet, which
it may be possible to increase. Small reservoir sites may be found
on the project, and some return flow would be available to decrease
demands on reservoir.

Conclusion.—The project is not feasible by this plan, because of

ack of reservoir capacity. '
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PLAN NO. 2.

In addition to Haﬁden Mesa, this covers an area of 10,000 acres
in Twenty Mile Park, which is more easily reached than Hayden
Mesa, giving a total of 50,000 acres. .

Irrigation plan.—Diversion from Williams Fork, 6 miles farther
upstream than plan 1, thence 20-mile canal containing one siphon to
Dunkley reservoir, on Fish Creek. From the reservoir water is
taken direct to Twenty Mile Park, and through a 1-mile tunnel it
reaches Hayden Mesa.

Water supply.—This is secured from Williams Fork, Fish Creek,
and Trout Creek. From Williams Fork the drainage area tributary
is 25 square miles less than plan 1, which at 500 acre-feet per square
mile will leave an average of 80,000 acre-feet, of which 73,000 acre-feet
may come during the open season. Drainage area of Fish Creek is
32 square miles, which at 500 acre-feet per square mile would yield
16,000 acre-feet. From Trout Creek a supply canal intercepting 12
square miles can be built to the reservoir, which at 400 acre-feet per
square mile divertible would yield 5,000 acre-feet.

Total supply (estimated). Acrefeet.

Williams Fork. ... .o i et 73, 000,
Fish Creek. . oooon i e 16, 000
Trout Creek . . ..ot ittt ettt 5, 000
TOMAL. e e e et e et e e e e e e e e e 94, 000

Demand.—For 50,000 acres the demand is estimated to be 100,000
acre-feet. Some return flow will be available on the project and
some supply will come from creeks on the project so that the supply
may be approximately equal to that demand. Although this 1s
extremely dl())ubtful, the full 50,000 acres have been taken as an ulti-
mate possibility. :

Storage.—Stom%:a required is estimated to be 50,000 acre-feet on
the average year, but about 70,000 should be provided for hold-over.

Reservoirs—Known capacity available is:

Acre-feet.

Dunkley 8ite. .oennn et 50, 000
Bunker Basin. ... ... e 8, 000
Total. oo e et 58, 000

Conclusion.—Plan No. 2, while more expensi\%e than plan No. 1,
will provide more water supply and better storage facilities.

ELK RIVER PROJECT.

Acreage, 140,000.

Temperature, mean annual, 42°.

Precipitation, mean annual, 13 inches; irrigation season, 4 inches.

Elevation, 6,500 feet.

Between frosts (summer), 85 days.

Transportation, wagon haul, 35 to 70 miles to either Craig on the
Denver & Salt Lake Railroad on the south, or Wamsutter on the
Union Pacific in the north.

Irrigation plan.—Gathering canal taking the headwater of Elk
River to reservoirs on the headwaters of Little Snake River; thence
supply canal to Columbus Mountain reservoir site on Slater Creek.
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Main canal for project diverts from Slater Creek 6 miles below
reservoir and reaches irrigable lands after crossing Willow Creek at
thirteenth mile. Supply canals from the headwaters of Elkhead
Creek are also proposed to feed the Columbus Mountain reservoir
site.

Lengths of canals are as follows:

Miles.
Feeder from Elk River to Little Snake River....................ooiiiai.... 27
Feeder from Little Snake River to Columbus Mountain reservoirsite........... 30
Supply canal to project............. ... ... . ..., e 13
Main canal on Project. .. ......c.ooioi it et 105

Irrigable lands.—These consist of an estimated total of 165,000
acres out of a gross area embracing 275,000 acres. The lands are
fertile but rolling and eroded.

Duty of water.—Is 2.50 feet at diversion.

My . e eeeitateeeaeeieaaaas 0. 40
JUDe. . et ieieeeeieeareeeeeeaeaaaan .85
JUly .ot .75
L T P .40
September. ... ..o e .10

e 7Y 2. 50

'WATER SUPPLY.

Elk River headwaters.—Average discharge at Hinman Park, April
to October, is 128,000 acre-feet. The discharge available to the pick-
up canal is larger because Hinman Creek and South Fork are not
included; that 1s, some of the less prolific territory tributary to the
gaging station lies below the canal, while more prolific territory

ischarging below the gaging station is reached. The April to Octo-
ber supply available to the feeder canal may be 150,000 acre-feet.

Diversion can hardly start before May 1 and will end about No-
vember 1, which subtracts 16,000 acre-feet from the above amount.
" Losses due to peak discharges greater than the economical section of
the canal may amount to 24,000 acre-feet, leaving 110,000 acre-feet
available for the project from this source. '

Snake River headwaters.—The water from Elk River is carried to
the Snake River slope and into the Red Park reservoir (proposed) of
47,000 acre-foot capacity on Middle Fork of Little Snake. Little
Red Park, of 12,000 capacity on Independence Creek, can be used
to regulate the supply from that creek. From these two creeks a
supply canal, also tapping the South Fork of Little Snake, will carry
the water to Columgus %Iountain reservoir site. With the regula-
tion provided by the reservoirs practically all of the summer run-off
from the 54 square miles intercepted can be carried to Columbus
Basin reservoir site. The annual discharge at the gaging station
from 160 square miles is 122,000 acre-feet, or 800 f)er square mile.

It is believed that from the higher 54 square miles it will be 50 per
cent more per square mile, or,say, 75,000 acre-feet. Because of
reservoir control practically all, or, say, 70,000 acre-feet, is divertible.

Slater Creek.—The run-off is 61,000 acre-feet, of which probably
40,000 acre-feet is tributary to the project. The Columbus Mountain
reservoir site is on this creek; capacity, 76,000 acre-feet, and will be
used to control the entire discharge above and from the South Fork
and Elk River supply canals.
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Elkhead Creek.—Pick-up canals from both sides of the watershed
tributary to Park reservoir site on Elkhead Creek are proposed. The
run-off from this creek is 57,000 acre-feet, and 40,000 is needed for the
23,000-acre project directly adjacent to the creek, leaving a surplus
of 17,000 acre-feet, of which possibly 15,000 can be diverted.

OTHER MINOR SUPPLIES.

On the project itself are small creeks which may yield 12,000 acre-
feet after supplying present rights.

Summary of water supply.

Acre-feet.
Elk River (Trans-Mt.) . . ..ottt ie e e teeaeeaaeeeanaanns 110, 000
Little Snake. . ..ottt e e aaaaan 70, 000
Slater Creek e e et eeeeeeiiaeaaeaaaaaan- ... 40,000
Elkhead Creek (Trans-Mt.). ... ... oiii i itae e ieeaeeannnnn 15, 000
h 3 B8 00 e T =) o P 12, 000
. 247,000

Return flow possibly 50,000; because of proximity to land its efficiency
should be doubled, giving........ et eeeaeieeeeateaecececeaecaanaaas 100, 000
‘ 347, 000
140,000 acres, at 2.5 acre-feet... ... oottt 350, 000

Conclusions.—Data on both the irrigable land and the water supply
are very meager. While stations have been maintained at base
points on all the streams, yet the yield which may be expected from
intercepting canals at higher elevations is problematical. From what
data are available from the estimates made, the supply of water is
too small to cover all the irrigable land, and more complete knowledge
mag' show that the acreage assumed should have been smaller.

eservoirs.—While the total amount of water is assumed sufficient
for 140,000 acres, the amount of reservoir capacity necessary to con-
trol it can be only roughly estimated.

Assuming 50,000 acre-feet of return flow available for diversion
during irrigation season and assuming, further, that it will be twice
as efficient as natural flow because it can be used immediately with-
out losses from long canals, the reservoir capacity required for an
average year is 100,000 acre-feet. (See following tableg

Total estimated supply (acre-feet).
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Demand, 140,000 acres; duty, 2.5 acre-feet at diversion.

Defs iResen oir
Supply. | Demand.| ioF 022392:3
period

43,000 |.......... +43, 000 ‘ 43,000
104,000 © 56,000 | +4R 000 ¢ 191 000
104,000 | 119,000 | —15,000 76,000
49,000 | 105,000 | —56,000 ' 20, 000
39, 000 56,000 | —17,000 3,000
8, 000 14,000 | — 6,000 f —3,000

!In June supply would exceed demand in early days of month, making reservoir capacity necessarily
greater than shown—say, 100,000 acre-feet.

The following reservoir sites are available:

Columbus Mountain. ... ......o . i 76, 000
Little Red Park.......oeuoone oot et 12, 000
Big Red Park. ... ... i 47,000

T P 135, 000

Other reservoirs may be found on the project and there is a small
one below Columbus Mountain reservoir on Slater Creek. The
capacity noted is not sufficient to give good carry-over to dry years
and if more are not found the average supply will be less.

The foregoing outlines an ultimate possi%ilit , but construction in
its entirety is not feasible now and estimates oty water supply may be
grossly in error.

The project divides itself readily into two units, which may be
constructed separately. '

No. 1 contains 75,000 acres of irrigable land from Slater Creek
west to the west line of range 92. The remaining 65,000 acres are
covered by extending the main canal of the first unit.

UNIT NO. 1.

General statistics are same as for the entire project. ,
Irrigation plan.—Use of Columbus Park reservoir with such feeders
as are necessary to gather the water.

Assumed duty (acre-feet per acre).

2 0.30
JUDe. L et 70
JULY . o e 60
August and September. .. ... ... i 40

0 7 2. 00

Nore.—Duty assumed smaller because less extensive feeder canals are required
than for the entire project. Total required, 150,000 acre-feet.

This project has almost reached the construction stage as a Carey
Act project, at an estimated cost of $55 IE)er acre, and it is considered
entirely feasible by State officials. The General Land Office has
reduced the project to 44,000 acres, with a duty of 1.67 acre-feet
at diversion, requiring a total of 75,000 acre-feet. Based on the
foregoing estimates of water crop from different areas 67,000 acre-
feet could be gotten from the last three items in the table and the

93715—S. Doc. 142, 67-2——11
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remainder from a short feeder to the South Fork of the Snake, neg-
lecting all return flow.

It is evident that whether or no the duty set is sufficient more
water can be obtained by extending a feeder to the South Fork of
the Little Snake and that this may provide for the entire 75,000
acres. The Columbus Park reservorr site will be built as part of the
first unit.

The best plan for progressive development would be to leave Elk-
head Creek diversion to the last so that its water, if needed by lands
in its own basin, can be used there. .

DOLAN MESA PROJECT.

Statistics: Same as for Elk River project.

Irrigation ﬁlan.—Supply canal 10 miles lon% heading in Savery
Creek near the northeast corner of T. 14 N., R. 89 W.; thence 10
miles of difficult construction to the project. Storage to be pro-
vided in Savery reservoir.

Irrigable lands.—Consist of 7,000 acres on Dolan Mesa. The land
l‘%s well and is between Savery Creek and Cottonwood Creek in

o .
uty of water.—At diversion 2 acre-feet, distributed same as other
projects.

Reservoir.—Savery reservoir site: Regardless of project needs,
this should be built to full capacity of 34,000 acre-feet and surplus
water supplied to prior rights on the creek. A considerable portion
of the supply for the project must come from storage because of heavy
present appropriation.

Water sup&) y.—No specific data on amount available to the prc:ifct
but believed sufficient. Discharge of Savery Creek at mouth—
80,000 acre-feet from drainage area of 354 square miles. About 200
miles of most prolific territory are tributary to Savery reservoir site.

GREAT NORTHERN PROJECT NO. 1.

Acreage: Gross, 45,000; net, 23,000.

Statistics: Same as for Hayden Mesa project.

Irrigation plan.—Diversion from Elkhead Creek near north line of
township 8 north, range 88 west; thence on west side of creek to lands
lying between Elkhead and Fortification creeks.

Storage.—At Park Reservoir site on Elkhead Creek; capacity
40,000 acre-feet.

Irrigable lands.—Are badly eroded and are extremely rough.

Duty of water.—1.75 acre-feet, divided as follows:

Duty of water.

23,000
Peracre.| gotoq
0.15 3,000
.65 15,000
.65 15,000
.30 7,500
1.75 | 41,000
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Water supply.—Discharge recorded during 1910 and 1920 at
diversion point and at mouth for 10 years, showing average at
mouth below irrigation of 87,000 acre-feet and at diversion of possibly
90,000 acre-feet. Estimated at diversion (average):

-

Storage.—In the average year, practically all the supply after
June 15 is taken by prior rights, making 30,000 acre-feet of storage
gecfssary, and to give some hold-over 40,000 acre-feet should be

uilt.

Reservoirs.—Park reservoir site on Elkhead Creek; capacity
40,000 acre-feet with estimated tributary run-off about 40,000

acre-feet.
SUMMERS PROJECT.

Proposed to irrigate 20,000 acres on the first bench above Yampa
River and in the neighborhood of Juniper Mountain.

Direct diversion would require a 100-foot dam and a long canal.
The project might be irrigated by pumping if Juniper reservoir is
built. Water supply is sufficient.

YELLOWJACKET PROJECT.

White River slope, 12,000 acres; Yampa River slope, 60,000 acres;
total, 72,000 acres.

Mean annual temperature, 42°.

Mean annual precipitation, 12 inches; irrigation season, 4 inches.

Elevation, 6,500 feet above sea level.

Transportation, Denver & Salt Lake Railroad.

Between frosts (summer), 90 days. :

-Irrigation plan.—Diversion from North Fork of White River in
center of township 1 north, range 90 west; thence along river to
Beaver Creek, where there is a unit of 12,000 acres; thence to Yellow-
jacket Pass, through tunnel 4,000 feet long, total length, 25 miles.
After passing through the tunnel there are 2 miles of ditch to Pass
Butte reservoir site; thence 10 miles to the main unit of 60,000
acres lying in Axial Basin on benches south of Yampa River.

Duty of water (2.50 acre-feet per acre).

Per acre. | 72,000 acres.
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Water supply.—Derived from North Fork of White River, Milk
Creek, and small creeks on project. Average discharge of the North
Fork of White River:

N Acre-feet.

November to March (undivertible) ... 58,000
7. ¢ < 1 .. 16,000
ay.... .- 54, 000
June.... 52, 000
July...... 24, 000
AUUSE. oo .. 15,000
September. . .. ... o i 13, 000
[0 767753 43 13, 000
B0 7Y 245, 000
Divertible. .. .. ... et 187, 000

Milk Creek has not been measured, but the estimated diversion
from it may be 14,000 acre-feet annually.

Acre-feet,

BUL0) 4 03 < 187,000
Milk River.............. e e e et e e et et et eeeiaeaeaaaaaaaaaaaaaan 14,000
0 Y 201, 000

Storage.—Storage required in the average year is 70,000 acre-feet,
if no return flow were available on the lE)ro'ect. Assuming 0.50
acre-foot per acre of available return, probably 90,000 acre-feet of
storage is sufficient to give hold-over for dry years.

Reservoirs.
Acre-feet
Pass Butte. ... ettt 68, 000
Trappers Lake. ......ocooonioi i 15, 000
Marvine Lake............ e e e e eeeeieeciieaaaaaeaan 10, 000
Total. .. i e eiie e ea 93, 000

Replacement storage.—Present rights on the main river near
Meeker will require replacement storage if all the flow of the North
Fork is diverted. This can be found at Stillwater reservoir site,
on the South Fork:

Acre-feet.
CaAPACI Y - et i 17, 000
Required. ... .o e 13, 000

WOLF CREEK PROJECT.

A small project of 2,000 to 2,500 acres on Wolf Creek in township
5 north, ranges 100 and 101 west. As given by promoter, the data
are as follows:

- - acres.. 2, 000
Water supply - . ... i acre-feet.. 4, 750
Elevation..... ... oL ettt aaaaaan feet.. 6, 000
Precipitation. ... .. ... i inches.. 13.5
Reservoir capacity..... e acre-feet.. 4, 160

DEADMANS BENCH PROJECT.

An alternative plan for use of White River water is to divert near
the town of Meeker, carrying water through a very difficult country
to the neighborhood of Blue Mountains and beyond, on the White
River slope.
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A possible reservoir site at the junction of the North and South
forks is filed on in the State engineer’s office. Capacity is about
100,000 acre-feet, but this is not sufficient entirely to control the
river. From Parkhill’s report the Yellowjacket is the more feasible

lace to use the water; and if so, the supply available to Deadmans
ench project would be so reduced that the project is not considered
in the ultimate irrigable acreage.

SAVANNAH BUTTE PROJECT.

A diversion is proposed on the north side of White River in range
103 west to lands in Utah. Gross area, 80,000 acres, of which pos-
sibly 40,000 acres are irrigable. Judging from general descriptions of
the country, construction would be very difficult. If Rangerl)y reser-
voir is built, this project might be constructed without other storage.
It is not listed in possible projects in this report. '

POWER POSSIBILITIES.

On the headwaters of the two rivers small amounts of power can
be developed, but possibilities are small. Below irrigation and along-
the main rivers are reservoir sites where the entire flow of the river
can be equated for power.

" YAMPA RIVER.

Juniper Reservoir—This site is the first proceeding downstream.
The discharge at present averages 1,300,000 acre-feet annually, but
extension of irrigation, it is estimated, will reduce this to 1,140,000

acre-feet.
Acre-feet.

Discharge, Yampa at Maybell............ ... .. oo 1, 300, 000
(onsumptive use on 90,000 acres to be irrigated above Maybell:
90,000 acres, at 1.25 acre-feet........ ... ... ... .. .....o.... 110, 000
Diverted to Snake River slope.......... e 125, 000
R 235, 000
Return flow from Yellowjacket project, which is to be watered from White
RIVET. o e e 75,000
Total. ... ... .o s 1, 140, 000

Storage capacity of 1,550,000 acre-feet will equate the stream to
1,600 second-feet ultimate, or 1,800 second-feet present minus evapo-
ration, although from an economic standpoint a smaller reservoir
may be better. This is based on 10 years’ record and does not include
the extremely low period which occurred in the period 1899-1902.
A dam raising the water surface 240 feet will provide this amount of
storaﬁe and give 150 feet head below the storage. A higher dam is

ossible. This reservoir is also a part of a storage plan for Imperial
alley, as later discussed. : ' :

Cross Mountain.—Just below Juniper site and above the Little
Snake confluence, the water surface can be raised 100 feet without
interfering with Juniper and will use the discharge equated at Juniper.

Other sites below exist, but data concernin tﬁem are not available.

Upper Bear reservoir.—This is on the headwaters. A capacity of
about 110,000 acre-feet will equate the stream to 150 second-feet.
A dam, raising the water surface 200 feet, will give this storage and -
also create a head of 100 feet below the storage. It is not known
whether the dam can be built higher. This would provide any
storage needed by the Wessels project also.
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WHITE RIVER BASIN.

The only apparent power possibility in the headwaters is below
Stillwater reservoir site on White River, where, if Yellowjacket
project is built, the ref)lacement storage from the reservoir for present
rights near Meeker will give a good flow in low-water periods. With-
out doubt other small sites exist.

Rangely reservoir site.—This lies near the west line of Colorado.
The discharge at present averages 550,000 acre-feet, but extension of
irrigation, it is estimated, will reduce this to 360,000 acre-feet, and
if the Deadmans Bench project is built there would be no water

available. :
Acre-feet.

Present discharge, White Riverat Rangely. .. ... .. .. .. ... ............ 550, 000
Consumptive use, ultimate irrigation 30,000 acres at 1.25 acre-feet.. 40, 000
Diverted to White Riverslope................ it 150, 000

90, 000

TOLAL. - - e e e e e e e e e e e e e e el 360, 000

A storage capacity of 330,000 acre-feet will equate the stream to a
uniform discharge of 500 second-feet (after irrigation depletion above,
or 760 second-feet present), minus evaporation from the reservoir, but a
smaller reservoir may be better from an economic standpoint. A
dam, raising the water surface 200 feet, will give 330,000 acre-feet of
storage and provide a constant head of 160 feet below that storage.
As the reservoir is expensive, the desirability of this development
rests largely on finding other sites below where head can be created
to use tfe equated flow. It is to be expected that other dam sites
exist above and below this point.

Yampa and White rivers known vndeveloped power sites.
[Future discharges after irrigation depletion.]

1 No data.

Some idea of the total power possible to generate if dam sites can
be found is given by the following:

White River: Feet.
Elevation outlets, Rangely reservoir...............ccoiiiiiiiiiinnaaa... 4, 960
Elevation water surface at mouth.............ociiiiiioiiiiiennnnnannn. 4, 640

Total fall in 70 miles.........coiiieiii it iiieenanennanns 320

Yampa River:

levation outlets, Juniper reservoir. . . ........cciiiiiiiiiiiiiiiiaaaa.. 6, 090
Elevation water surface at mouth........... et ceeeeaeaeaaaaaaaaae 4, 880

Total fall in 70 Miles..ccueenneeiieeni i cee e iieeeeeaceaanancans 1, 210
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VERMILLION CREEK.

This drains the extreme northwest corner of Colorado and a small
part of Wyoming, flowing directly into the Green River. The
1rrigable areas are limited only by water supply. Little is known of
the physical features and costs. Climatic conditions are about the
same as for the Yampa Basin, except that precipitation probably
does not exceed 9 inches. Altitude 5,200-6,000 feet. Soil 1s said to
be fertile and well drained and the topography is smooth.

Water supply data are very meager. e drainage area is 1,917
square miles. Discharge records were kept for a part of 1910 and
January to November of 1911. There is little mountain drainage
area and discharge is very erratic. The total discharge in 1911 was
107,000 acre-feet with 65,000 occurring in March.

Large reservoir capacity will be needed because of erratic discharge.’
An excellent dam site has been located and a low-cost reservoir is
apparently available.

ased on 1911 record, 40,000 acres could be irrigated if floods were
stored. Because of uncertainty the total is placed here at 20,000
acres.



UINTA BASIN, UTAH.

The Uinta Basin lies in northeastern Utah, and the term as used
here includes the area drained by the Duchesne River and Ashley
Creek, both of which rise on the precipitous eastern slopes of the
Uinta Range and flow eastward to the Green River. Most of the
area is included in the Uinta Indian Reservation.

The irrigable lands in the basin range in altitude from 5,000 to
6,500 feet. Precipitation on the valley floor is from 8 inches to
10 inches annually, of which from 5 to 6 inches falls during irriga-
tion season. )

Stock growing is the principal industry, but coal is found and large
deposits of minerals derived from asphalt exist, which would, if rail-
roads entered the valley, form a considerable industry.

Outlet from the valley is by stage and truck southward about 100
miles to Price and Helper on the Denver & Rio Grande Railroad.
The Moffatt Road, the Los eles and Salt Lake and lately a local
line from Salt Lake called the Bamberger Railroad have all surveyed
through the valley, and it is to be expected one of these will be built.

In 1920 there were 171,000 acres irrigated in the basin and esti-
mates of irrigable land give a total ultimate of 300,000 acres.

Consumptive use of water is taken at 1.5 acre-feet per year, because
with the exception of the Duchesne bottoms natural drainage is good.
The 129,000 acres estimated increase will on this basis decrease the.
annual discharge 194,000 acre-feet.

Agriculture 1s pursued principally to supplement feed of the open
range, so that most of the crop is hay. (ﬁlmate will permit consid-
erable diversification of crops, however. The mean annual tem-

erature is 44°, with the irrigation season five months—May to
eptember.
e principal town of the basin is Vernal. Other small towns are
Duchesne, Myton, and Fort Duchesne.

FUTURE DEVELOPMENT.

On the map the total estimated ultimate and present irrigable
areas are shown without being differentiated. Only the proposed
Castle Peak project is denoted by name. It is not practicable to
separate ultimate from present areas as has been done on other maps.

o attempt will be made to describe the many small extensions to
the irrigated area which, added" together, will make the total of
300,000 acres. A large part of this is already under ditch con-
structed by the United States Indian Service, which covers 79,000
acres, of which 52,000 acres were irrigated in 1920. Complete utili-
zation of the water of the basin is not possible, because the precipitous
mountains, where the streams originate, give little opportunity for
reservoirs.

It is expected that future development will build what reservoirs
are possible. There are many small lakes which can be used, al-
though at great expense, and there are a few small reservoir sites.
It is also expected that where lands are available for comparatively
easy irrigation, ditches will be extended in full expectation of receiv-
ing no water after July 1 in any year.

182
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Authorities.—Information is derived largely from W. R. Parkhill’s
unpublished report ‘Uinta Basin,” October, 1917, United States
Reclamation Service, W. R. Drager’s unpublished report, ‘‘Castle
Peak project,” December, 1920, United States Reclamation Service,
and IE (JJ LaRue’s ‘“Colorado River and its Utilization,” Water
Supply Paper 395, 1916.

ASHLEY CREEK.

Unless reservoir sites can be found, the present irrigated area of
30,000 acres represents the limit of development from Ashley Creek.

The total average annual flow of Ashley Creek is as follows, above
diversions:

Acre-feet.

October to March . .. ... .. e iieiiieeaieaaaaan 17, 000
7 3 5, 800
) R 32,700
JUDe. . i 24,000
JUly . 8, 200
AUGUSE . . e 5, 500
September. . .. ... .. 4,400
4017 97, 600

After July 1 the present irrigated lands receive on the average only
six-tenths of an acre-foot of water aside from the return flow available.

No large reservoir sites which are feasible are known, although some
possible ones in the stream bed are mentioned in the thirdg annual
report of the United States Reclamation Service; also there are many
small lakes in the headwaters which can be utilized for storage reser-
voirs. These lakes average about 20 acres in area and evidently
neither they nor the sites just mentioned are attractive. With the
advent of a railroad in the valley changed conditions may result in
building reservoirs to relieve the present very severe late-season
shortage of water.

These reservoirs, if built, will serve present lands, and it is assumed
here that no extension of irrigation will result.

UINTA AND WHITEROCKS BASINS.

The discharge of these two streams was measured for six years— -
1901-1903 and 1908-1910. The average flow for those six years on
the Duchesne River at Myton, Utah, is practically the same as for the
21-year period during which the Duchesne has been measured, and it
is assumed that the discharge of the two streams under discussion
for these six years also represents a fair average.

Average recorded discharge.

Uinta. |Whiterocks.; Total.

Acre-feet. | Acre-feet.
29, 100 99,

¢ )
21,300 52,500
) 74, 300
10, 400 36,600
8, 800 28, 000
9,700 26,700

107,000 317,000
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However, if the extraordinarily high year of 1909 is deducted, the
average for the remaining five years 1s 88 per cent of the long average
on the Duchesne River, and this will represent more nearly what :ﬁe
actual supply is. The following table gives this average, while the
demand is the diversion for 57,300 acres irrigated in 1918 as given
by Federal court commissicner: :

Estimated average annual discharge.

Supply. Surplus.

Acre-feet. | Acre-feet. | Acre-foot Acre-feet.
October to April........coiiieiiiiiiinniiiananaaans. 98,000 [..oeeenueioe]oaeeacnnaae 98, 000
May 56, 000 25, 000 0.44 31,000
June 59, 000 50, 000 .88 9,000
July 32, 000 25, 000 .44 7,000
A e 3 15,000 .26 . 9,000
September 20, 000 5, .09 15, 000

The irrigable area is stated by Parkhill to be 66,000 acres. The
draft of 1918 is probably less than for most years because there was
a shortage of water. However, on Ashley Creek the average supply
after July 1 is only 0.6 acre-foot per acre. If this same ratio could
be ultimately attained in the Uinta and Whiterocks basins, the
area irrigated would be 120,000 acres. Conditions are different in
the two basins. Return flow is not all available in the latter and some
of the irrigable land is bench land. It seems probable that the
acreage from the river direct without storage can be increased to not
more than the 66,000 acres %iven by Parkhill.

There is also possibility of extending by storage. One off-stream
reservoir site of approximately 12,000 acre-foot capacity has been
located near the center of township 6 north, range 1 east, and by use
of this, replacement stora%%fgan be provided for a diversion of direct
flow farther upstream. is water can be taken to 12,000 acres
east of Duchesne River, called Colorado Park, although construction

~of such a project will be difficult. -

The average supply noted in the foregoing table shows that there
is ample supply for the reservoir and there is a possibility of securing
some storage in small lakes at the headwaters.

Estimated acreage.

) Acres,
Presentirrigated.... ..o 57,000
Increase without 8torage.......c.ueveeuiiiiiieiiiiiiiiiin e ieieieiaiaanns 9,000
Increase With 8tOrage. . ....ccoviuiniieiiiieiiiiiiiiiiieieieieenaannas 12, 000

Total ultimate..... et teeceeaataat ittt eaereaaanan 78, 000
DRY GULCH.

From Dry Gulch there is an estimated 10,000 acres irrigated at
present without possibility of increase.
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LAKE FORK.

The discharge of Lake Fork at Myton, which is below practically
all irrigation, has been recorded during the following periods, 1901-
1903, 1908-1910, 1912-1920:

Average annual discharge.

Acre-feet.

(076170172 270 J:N 5 o | D 50, 000
B - ettt e e ettt eaaeaaaaaaaan 27, 000
JUDe. . e eetieeeecaiaeeeaaaeaaan 60, 000
L 15, 000
4 - 2 6, 000
Beptember. . . ... ieeaeeaeaeaaaas 7,000
7Y 165, 000

In comparatively high years the discharge is all diverted by July
20, and in extremely low years there is a surplus only during the
peak of the flood period, WI{ich may last for 15 to 30 days. Parkhill
gives the irrigable acreage at 71,000, while the Federal court com-
missioner shows that 50,500 acres were irrigated in 1918.

Known reservoir sites exist as follows:

Acre-feet.

MOOD LK.« ottt ettt ittt ettt 38, 000
Brown Duck Lake (probably not more than)...................coooiaaae.. 2, 000
0] 40, 000

To fill these, there is the winter discharge—October to April—and
the flood undivertible at present, which in the lowest year, 1919, was
19,000 acre-feet and in the next lowest was 35,000 acre-feet. In
other years there is much more, so that it may be assumed that
lWa((;ier supply is sufficient for the'20,500 acres of additional irrigable
and.

In the ordinary low year the entire discharge of the river is now
diverted after July 1, so that all supply for new acreage must come
after that time from storage.

The demand per acre is estimated as follows:

Acre-foot

D 2 0. 60

L T .75

iuly ....................................................................... . 'gg
| () T | Y .

B 0373 1Yo .15

0 7 2. 85

This means that 1.50 acre-feet per acre must come from storage, or
for the 20,400 acres the total storage required is 32,000 acre-feet.

Acres.

Present irrigated.......ccoiiiiiiiiiii ittt 50, 500
Future extension.............o.oviieiiaianaes S 20, 500
7 71, 000
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DUCHESNE RIVER.

[Including Rock Creek and Strawberry River.)

An analysis of water supply for these streams was made in the
recent Reclamation Service report noted under ‘‘Authorities” from
which most of the following is summarized:

- CASTLE PEAK PROJECT.

Net area, 48,000 acres. :

Irrigation plan— Main canal.—The proposed diversion on the
Duchesne is located 5 miles below the mouth of the Strawberry
River, or about 9 miles below the Starvation reservoir. The first
division of the main canal extends from the headworks to the pro-
posed tunnel through the Myton Bench, a total length of 12 mules,
and follows the contour of the hills about on the toe of slope for the
greater part of the distance. The Myton Tunnel, 9,200 feet long,
will deliver water in Pleasant Valley at an elevation of 5,345 feet.
The second division will extend across Pleasant Valley and the South
Myton Bench, a distance of 8 miles, to Tunnel No. 2, the greater
ga;rt of this division being in gently sloping ground. The third

ivision is 5 miles in length beginning with Tunnel No. 2, 1,600 feet
long, and crosses the bad lands, having many structures and being
in rock cut for practically its entire length. The fourth and last
division of the main canal crosses the Pariette Bench lands in com-
paratively smooth country and has a total length of 9 miles.

Storage.—Ninety-five thousand acre-teet are to be provided at
Starvation reservoir 4 miles above the town of Duchesne. Supply
to the reservoir to be supplemented by a 400 second-foot canal
diverting from Duchesne River above Rock Creek junction.

Water supply.—After allowing for prior rights and assuming that
all old lands ge%ow Myton will be watered from return flow, it requires
all of Strawberry River plus the Duchesne River above Rock Creek to
supply the demands of the project.

Assumed duty, Acre-feet

per acre.

7 = 0.15
By - en et et eieee e eataeaeaceeeieaaaceaeataaaeeaaaaeeeeaaaaneaeaannns .75

L0 T .97
0 N 98
AUGUSE . - e e e i et acae e 75
September. . . ...ttt .15
1 3.75

Total demand.—One hundred and eighty thousand acre-feet.
Conclusion.—Project not feasible now, because of high cost of
reservoir. Placed 1n class C.. -

ROCK CREEK.

The irrigable area is 23,800 acres from this creek, of which 4,100
acres are now irrigated.
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Average annual dischargé.

Estimated
annual Acre-feet

H demand
Rock Creek| (3,05 per
average. .

Shortage

21,000
4,000
15,000
32,000
7,000
3,500
3,500
86,000

Siorage required, average year....
Storage which should be byuilt. ..

Reservoir.—Reservoir available is Stillwater site on Rock Creek
of 40,000 acre-feet capacity. :

Summary of Duchesne River.

trrigated, | gatod but | Additional
rriga ed bu onal
1920. xll‘mving possible, | Total
rights.

Duchesne River:
ow Myton........ccovivenenaana.. Ceeetenecanees 1,300 5,400 6,700
Above Myton.................. e .. 6,700 11,900 |... 18, 600
Above Castle Peak diversion........ e 11,100 2, 800 13,900
RockCreek............o..........0 e .. 4,100 19, 700 23, 800
Castle Peak Project. ... ........ocoiiioiiinieeniaanennafoeeianiiiilonaneianans 48,
Total. ..t i 23,200 39, 800 111, 000

This does not contemplate so large a development comparatively
as the other streams in the basin, but easily irrigated lands are not

available.
. Summary of entire Uinta Basin.

Irrigsted, Additional Total
1920. possible. | ultimate.

Ashley Creek 30,000 |............ 30,000
Uinta-Whiterocks 57,000 21, 000 78,000
10,000 |............ 10, 000

), 20, 500 71,000

23,200 87, 800 111, 000

170,700 129, 300 300, 000

POWER.

Because reservoirs are lacking for good regulation of the streams,
development of power will be very limited. Some power has been
developed, but information is lacking as to possibilities. Probably
the headwaters with their precipitous slope offer opportunity for
small plants. ‘
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Existing power plants,

[Data from E. C. La Rue—W. S. P, 395, p. 174.]

Index - Installed capacity.
num- Oper-
ber Name of plant. Stream. Méadg
on head. Kilo- Horse-
map. watts.l | power.?
1| Ashley Creek................... Ashle¥‘Creek .................... 84 250 400
2 | Myton..ceiuerienraenennnnannnn Lake Fork.........oooooiiiiiil] cenennns 150 250
Known undeveloped power sites.
Index - Horsepower
num- at switch-
ber Stream. board, 80
on . r cent
map. efficiency.
22 | Ashley Creek . 18, 900
23 | Duchesne River.... . 8,760
7 27,660

1 Rated capacity of geherators.
2 Rated capacity of water wheels.

NotE.—For discussion of Nos. 18 to 21, which are shown on Uinta Basin map but which are on Green
River, see section headed ‘‘Power.”

DIVERSIONS OUT OF BASIN.

Three are in operation and one proposed, which is believed in-
feasible because of lack of water supply. :

These are shown on map described in the portion of the report
devoted to a discussion of these diversions.

‘,’,“?ﬁf ) Average
ber Name. 3?5'3&?5
on ) "

map. ‘nnmmlly .

1| DANIelS PaSS. tuetiiitieiitiii ittt tateateettee et e ereareire e 4, 500

PIRIE17 £:X 74 T2 ¢ o eee 78,000

3 | Soldiers Summit 1,
L DO 84, 000

GRAND RIVER BASIN—MAIN SBTEéVIlNéAND GUNNISON AND DOLORES

GRAND RIVER BASIN, COLORADO-UTAH.

The Grand River drains 26,000 miles of area, of which 4,000 are
in Utah. The remainder is in Colorado, and this area furnishes 40
per cent of the discharge of the Colorado at Yuma. Its basin has
a very large, high mountain area, on the slopes of which precipita-
tion is heavy. .

For convenience of description, the basin may be divided into three
areas, the main stem of the Grand, the Gunnison, and the Dolores,
which are discussed in the following pages under separate headings.

.

(1N
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@General data.—Summary of information contained in following

pages:
Irrigation.

I Esrtlmsted

Present ‘ ture Total ulti-
irrigated 'additlonal. mate.
Acres. Acres. Acres.
264,000 | 163,000 427,000
245,000 | 100,000 345, 000
46,000 ; 139,000 185, 000
555,000 | 402,000 957,000

1In aﬁl&lgon there are 105,000 acres estimated to be irrigable from the Dolores but lying in the San Juan
ver .

Irrigation by States.

Estimated
Present Total ulti-
future
irrigated. |,44itional.| mMAte.
Acres. Acres. Acres.
L PPN 13,000 |............ 13,000
COIOTBAO .+« - e ceeeneneneneeaaaensaeanaeananeneaaaaanaaaaeaasaanances 542,000 [ 402,000 '
TOLAL. - . eeeeecncceacneeneaeaenaneaeaeeaccacneneneennnns 555,000 | 402,000 957,000
Diversions out of basin.
{Acre-feet annually.]
Estimated
Total ulti-
Present. future
. additional,| TAte.
315, 500 333,000
) 4’“
210,000 210, 000
527,000 547,000
1 Qut of Colorado Basin.
3 To San Juan, which is in Colorado Basin.
Average annual stream discharge at mouth of river.
Acre-feet.
Estimated average flow since 1899......... et eeaaeeeeiaeiaaaaaan 6, 940, 000
Decrease by development above during period: Acre-feet
Increased diversions out of basins................. 20, 000
Increased use for irrigation. ........... e 250,000 Acre-feet.
. 270, 000
Estimated future decrease:
?nfers;ons out, of bagin
rrigation usein basin............ ..ol
1,080, 000
— 1,350,000
Estimated future discharge.............ccocveiiiannn eeeraeaaane 5,590, 000

DEWEY RESERVOIR.

Kremmling reservoir is discussed in the following section devoted

to main stem of Grand River.

There remains, -for the purpose of

this report, only the Dewey, which is below the junction of all three
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main streams of the Grand River basin. A dam just below the mouth
of the Dolores will impound 2,270,000 acre-feet by raising the water
surface 215 feet. Further raise would cover the tracks of the main
line of the Denver & Rio Grande Railroad. This reservoir is part
of the plan of storage on tributaries for the Imperial Valley and is
the most _valuable site on the tributaries for that purpose.

Silt.—It has been estimated that the river carries 10,000 acre-feet
of silt annually past this site, which will necessitate some provision
for silt storage.

Power.—To equate the river for power here would require roughly
between 4,000,000 and 4,500,000 acre-feet of storage. It is impos-
sible to secure so much storage because of the Denver & Rio Grande
Railroad, but if, of the 215 raise, the upper 65 feet be devoted to
regulating storage which will give 1,500,000 acre-feet, 770,000 acre-
feet of dead or silt storage and 150 of head for power will result.
Below the reservoir site the river flows 125 miles to its junction with
the Green to form the Colorado, and has a total fall of 200 feet in
addition to what can be created at the reservoir. ‘

Potential continuous horsepower at turbine, 88 per cent efficiency,
is as follows:

At dam Bite. .. ... ... e iieeeeieieeeaaaaaaaaaaaaa 90, 000
Betweendam and mouth. ... .. . ... . .iii... 120, 000
4 0] 7 210, 000

MAIN STEM OF GRAND RIVER.

The Grand joins the Green in Utah to form the Colorado. The
general course of the river is southwest from the high mountains of
the Continental Divide. Irrigation diversion from the tributaries,
both at the headwaters and along the river, is comparatively easy and®
water abundant, so that until in the vicinity of Grand Junction devel-
opment to date has been by individual effort.

As it flows westward from the mountains the river has cut its way
deep into the soft, sedimentary rocks which characterize the Colorado
Basin. Long narrow valleys alternate with deep canyons with the’
result that from the main river in this region there will never be any
§reat amount of irrigation. Lower down in the vicinity of Grand

unction the valley has been eroded into comparatively broad mesas
which can be reached by long ditches from the river. Here is a com-
pact body -of irrigable land which is now covered by private ditches
and by the Grand Valley project of the Reclamation g’ervice.

Down river from this project, which is close to the Colorado-Utah
line, the river flows in deep canyons from which it is impossible to
divert for irrigation. One known reservoir site exists at Dewey where
the Dolores River enters the Grand. This site, the Dewey, is part of
the plan for developing storage on tributaries for Imperial Valley.

Precipitation ranges from 8 inches at Grand Junction on the west
to 24 inches at Breckenridge on the east and much more in the moun-
tain areas. A little over 50 per cent comes in the growing season and
about 35 per cent May to August, inclusive. The average summer
period between frosts ranges from 180 days at Grand Junction to 35"
days at Breckenridge. Elevation of irrigable land ranges from 4,500
on the west to 9,500 on the east. Mean annual temperature ranges
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from 33° to 52°, increasing toward the west with decrease in eleva-
tion. The irrigation season at Grand Junction is 7 months, April to
October, inclusive, but in the hiiher parts water is diverted only for
the usual 60 to 90 days for wild hay.
icultural products vary from those possible with the intensive

cultivation which may be maintained at Grand Junction to wild hay
and timothy in the higher parts. At Grand Junction and vicinity
apples and peaches comprise a considerable acreage.

ransportation is furnished by the main line of the Denver & Rio
Grande Railroad, which parallels the river almost from end to end.
In the eastern part the Denver & Salt Lake Railroad serves a small
part of the valley. y

Not enough information is at hand to estimate average diversion
duty for new lands, but for the entire average of the basin a con-
sumptive use of 1.5 feet in depth is estimated.

Power development is already extensive on the headwaters and
there is opportunity for large addition to this. The steep grade of
the streams and the well-sustained stream flow are favorable to
power developments. Along the main stream in Colorado at several
places power can be developed and at Dm reservoir the stream
can be largely equated for power. Kremmling reservoir, if built,
would give considerable increase to all-year power below it.

AUTHORITIES.

Data is taken from compilations and information furnished by
R. I. Meeker, special deputy State engineer, and from publications
of the Reclamation Service concerning Grand Valley project.

GENERAL DATA.

Irrigation development (acres).

Estimated
Present. add.ltiiglnal ulg‘iﬁ:{e
possible. :

13,000 |............ 13,000
251,000 | "163,000 414,000

264,000 | 163,000 427,000

Future annual decrease in stream discharge.

Diversions from basin: Acre-feet.
By extension and betterments................. ..ol 15, 000

By new projects..........iiiiniiii i feomenn 300, 000
Consumed in irrigation, 163,000 acres, at 1.5 acre-feet peracre.............. 244, 000
Total decrease. .. ...oucvmnnn ettt 559, 000

In round figures, BaY......cooeenene i 560, 000

Future development.—Out of the 163,000 acres listed as possible
ultimate, 39,000 acres are in the Grand Valley project; 7,000 acres in
Orchard Mesa, which possibly will be taken over by the Reclamation
Service; and 15,000 acres in areas large enough to warrant being
termed a project. This latter is the Plateau project of 15,000 acres
from Plateau Creek, concerning which no data are at hand.

93715—S. Doc. 142, 67-2——12
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The remainder of the estimated future development is in small
areas which it is assumed will be reclaimed by individual efforts.

Classification of future irrigation.

i Under
existing

canals
near Class A. | Class B. Clgss C. | Class X.
Grand

Junction.

Grand Valley................... cee
Pumping extension (Governmen JU
All other 117, 000

T RO R 46,000 | 10,000 0 0 | 117.000

DIVERSIONS FROM BASIN.

These are discussed fully in the part of this report devoted to
“Diversions out of Colorado River Basin”, p. 173, and are here listed
for convenience.

Operating diversions.

[Not shown on general map.)

Annual
Name. From. diversion.
A cre-feet. ‘
of Grand 15,000
NN 800
2, 500
.............................. 18, 800
.............................. 15, 500
.............................. 34, 300
Proposed diversions.
Index A 1
num- nnual
ber on Name. From. diversion.
map.
" .
+
6| Fraser RiVer.......cciiiiiiiiiiiiiiiiiniiniieniennannns
8 | Williams Fork.
9 | Blue River..
12 | Eagle River.
7 e

POWER.

Up to the present, horse-power development on this stream is
larger than any other part of the entire basin. Doubtless opportunity
exists for development at sites at present unknown.

Known power gqssibilities are 1n Gore Canyon below Kremmling
reservoir site and at Dewey, where the flow can be regulated by
Dewey reservoir.
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GORE CANYON POWER SITE AND KREMMLING RESERVOIR.

Gore Canyon is immediately below the Kremmling reservoir site
on upper Grand River, and is about 3% miles long. The Cen tral
Colorado Power Co. investigated the feasibility of developing power
in this canyon. In an 8-mile section of the river, beginning at the
railroad station of Gore, the fall is 420 feet. Owing to the pre-
cipitous canyon walls, the river can not be feasibly diverted except
into tunnel. By constructing a tunnel 24,000 feet long, a head of
411 feet can be obtained. By utilizing the Kremmling reservoir
site a mean flow of 1,600 second-feet could be secured and about
60,000 brake horsepower could be developed.

Kremmling reservoir would be unsuitable for use in development
of the lower Colorado, because it is located so far away dnd because
such use is not compatible with the best development of the river
on account of interference with power. The Denver & Salt Lake
Railroad passes through the reservoir site and dam site, and large
le)xp};ensle will be involved in the removal of this should the reservoir

e built.

Ezisting power plants—Grand River, main stem.
[E. C. La Rue; Water Supply Paper No. 395, p. 174.)

Location. [ Installed capacity.
Name. ! g ne Index
Strea State and ‘ head: | Kilo- | Horse- | No-
: county. watts.! | power.?
COLORADO. ; .
Spruce Creek .| Spruce Creek..| Summit...; ~ 250 450 3700 10
Summit County. Snake Creek. .|...do...... X 1,000 1, 600 19
Shoshone .| Grand River..| Garfield...| 175 10, 000 18, 000 L4
Maroon Creek.| Pitkin.... 400
Castle Creek.........oovveienninnnnnn.. Castle Creek...|...do...... i 400 2, 900 3
Hunter Creek.|...do...... I s 800
Yule Creek. Yule Creek....| Gunnison. 300 424 [
..| Crystal River.|...do...... l 1,300 1,750 5
S PO do........ Pitkin............ 65 85 7
.| Rifle Creek....!| Garfield... ‘70 150 247 8
.. Lake Fork....| Hingdale..! 65 200 160 17
.| Henson Creek.!...do...... ! 90 128 321 16
DU 15,193 | 26,187 I......
1 Figures represent rated capacity of generators.
! Figures represent rated cagacitg of %:ater wheels. \
2 Two plants.
Known undeveloped power sites.
[E. C. La Rue, Water Supply Paper No. 395, p. 151.]
e
. of avail-

Name. Stream. State. able I’}{?o“
horse- -
power.

Gore Canyon.. ..| Grand River....
Dewey .:...do
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GUNNISON RIVER.

The Gunnison River which is the main tributary of the Grand
enters it from the south at the city of Grand Junction. It drains a
roughly triangular area bounded on the east by the Continental
Divide, which, also with the Uncompahgre Mountains, forms the
southern boundary. On the north its goundary is the range between
-the main stem of the Grand and the Gunnison.

Like other streams in the Colorado Basin the valley is compara-
tively open in the eastern part before leaving the slopes of the Con-
“tinental Divide, but with (Yistance to the west the soft sedimentary
rocks of the great plateau region are reached and here the river has
cut deep canyons below the surrounding country which preclude
irrigation diversion but which may give opportunity for high dams
whereby hydropower can be created.

Irrigation development up to the present has been largely by indi-
vidual effort, but one large project of 100,000 acres, called the Uncom-
pahgre, has been constructed by the Reclamation Service and fur-
nished a water supply by diverting the waters of the main Gunnison
through a 6-mile tunnel to the broad valley below the surrounding
mesas which has been formed by the Uncompahgre River, one of the
main tributaries of the Gunnison.

Precipitation ranges from 8 inches at Delta, in the Uncompahgre
Valley, which is in the western part, to about 18 inches in the eastern
and higher parts, but most of the irrigable lands have precipitation
running from 8 to 10 inches, of which practically 50 per cent
occurs in the growing season. The average summer period between
frosts ranges from 140°days at Delta to 65 days at Gunnison and is
less at higher altitudes. Elevation of irri agle lands ranges from
5,000 at Delta to 7,700 at Gunnison, and of course irrigation in
mountain valleys is found at much higher altitudes. Mean annual
temperatures lie between the extremes of 50° on the west at Delta
to 37° at Gunnison and are lower with higher altitudes.

The irrigation season on the Uncompahgre project is from the
middle of April until the middle of October, but decreases from that
with increase in elevation to 60 or 90 days for wild hay lands in the
higher altitudes.

Agricultural products are those of diversified farming in the
western part to wild hay, which is the main crop in the higher portions.

Transportation is furnished by a standard gage branch of the
Denver & Rio Grande, which extends from Grand Junction to Mont-
rose and from Delta up the North Fork. A narrow gage branch of
the Denver & Rio Grande extends from Montrose south to Ouray
and beyond, and also from Montrose east to Salida, where it connects
with tﬁe standard gage. As a whole, the valley is exceptionally
well provided with transportation as compared with most of the
valleys of the Upper Colorado Basin.

Not enough data are at hand to estimate diversion for new lands,
but for the entire average and considering the aridity of the basin
the consumptive use of water is estimated at 1.5 feet in depth in spite
of the short growing season.

Three small power plants on the. tributaries, aggregating 3,000
horsepower, have been built to date. It is probahle that other
desirable sites exist on the tributaries, but no data concerning them
are at hand. A possible site exists just below Montrose.
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AUTHORITIES,

‘Data are taken from compilations and information furnished by
R. I. Meeker, special deputy State engineer, and from publications of
the Reclamation Service concerning the Uncompahgre project.

General data.

Irrigation development: . Acres.
Present irrigated acreage. . . ..ocveiiiiiiiiiii ittt 245, 000
Estimated additional...... ... 100, 000

TOtAl WAL - - + - - -+ e e e e e e e e e e e e e 345,000

Future decrease in stream discharge:

Diverted to basin from San Miguel......... ... ... .. ..ol 15, 000
Diverted out of basin to Rio Grande. . . ... .. ... .. ...l 2, 000
Consumed in irrigation, 100,000 acres, at 1.5 acre feet per acre.......... 150, 000

67 tieeana. 167, 000

Future development.—QOut of the 100,000 acres listed as future
possibilities, 35,000 acres are in the Uncompahgre project, but at
present unirrigated, and 20,000 acres in the proposed Montrose Chief

roject. The remainder is small areas expected to be reclaimed by
individual effort.

Very meager data are at hand concerning the Montrose Chiei;lgroj ect.
The proposed irrigation plan is to divert from the San Miguel drainage
15,000 acre-feet annually and trade water now going to the Uncom-
pahgre project which may be diverted on that project. The Un-
compahgre project is contemplating storage at Taylor Park reser-
voir site to supplement the late water flow, which fact points to a
possible error in assumptions on which plans for the Montrose Chief
are based. However, if return flow is not divertible, arrangements
might be made for replacement storage. The Montrose Chief project
contemplates two reservoirs.

For 20,000 acres 50,000 acre-feet for diversion should be provided,
and it is expected that the remainder necessary can be secured from
the headwaters of the Uncompahgre.

Classtfication of future irrigation.

Under
Govern- | Class A. | Class B. | Class C. | Class X.

canals.
Uncompahgre. . ... .. ..o iiiiiiiiiiiraaiaaaan. . A1 (I DO P R
Montrose Chief. .......... . 0100l il feeeereenefonemennns 20,000 (..oooollllllil
Individual efforts.........oo.ciiiiiiiiiiiiiiiiann. ] ........................................ 45,000
TOtAL. oo ’ 35,000 0| 20,000 0] 45000

DIVERSIONS FROM BASIN.

One is in operation diverting at Cochetopa Pass (13) from the
creek of that name to the Saguache, a tributary of the Rio Grande.
This is now estimated to average 2,500 acre-feet annually and ex-
pected betterments will increase this to 4,000 acre-feet. No other
diversions are proposed.
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" Existing power plants, Gunnison River—Grand River Basin.

[E. C. La Rue, W. 8. 395, p. 174.]

Location. Installed capacity.
Operat- o
ome: Stream Count; Stat ingphead. Kilo- Horse-
: . y. e. watts.l | power.2
owards Fork San Miguel Colorad Fms'so
wards Fork......... an ....| Colorado......
Ames.......... Lake FOrK...oocucoiilirrnneencenanaliarananneeaannns . 85 } 3,600 6,200
Ilum.......... South Fork............|..... do........|..... do........ 490 1,200 1,600

1 Figures represent rated capacity of generators.
1 Figures represent rated capacity of water wheels.

POWER BSITES.

Only one is known, which is at Montrose. No data available.

DOLORES RIVER DRAINAGE.

The Dolores River, together with its principal tributary, the San
MiFuel, drains a roughly rectangular area 60 miles wide and 100
miles long between the Gunnison and San Juan watersheds, with its
principal axis in a southeast-northwest direction. The area is in

eneral a high plateau warped and eroded to a high degree. The

ncompahgre plateau, in reality a broad topped mountain range of
8,000 to 9,000 foot elevation, borders the northern side. The western
tip of the San Juan Range forms the eastern tip of the area and the
La Plata Rangeé forms the southeastern boundary. The southerly
boundary is a Iow divide on the eastern end, succeeded in the south-
west corner by the La Sal mountains which cover much of the
western corner of the area and reach altitudes exceeding 12,000 feet.
The easterly end of the entire drainage area is roughly bisected by
the low San Miguel range.

With the exception of the higher mountains the entire area is
composed of relatively soft sedimentary rocks through which all
living streams have readily cut canyons whose depths rapidly in-
crease as the headwaters are left and then decrease as the central
position of the main valley is approached.

The Dolores River drains the southern slope of the San Miguel
range and part of the La Plata mountains along the southeastern
border of the area, and after skirting the southwestern edge of the
plateau for 50 miles, turns abruptly north, breaking through numer-
ous ridges, joins the San Miguel River and resumes its nortghwesterly
route to the Grand River. e San Miguel River drains the northern
slopes of the San Miiuel range, the western tip of the San Juan
Range, and a part of the Uncompahgre plateau.

Irrigation development is largely confined to the central region
bounded by the Dolores River on the south and west, the San Miguel
range on the east, and the San Miguel River on the north. is
region is a secondary glateau sloping steeply to the west and consisting
of parallel ridges and valleys running northwest-southeast. Water
can be supplied to this region from creeks heading in the San Miguel
range or from San Miguel River but not from the Dolores River
owing to the depth of its canyon. Outside this area either the
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topuoi%raphy is too rugged or the concentration of water supply
insufficient for irrigation development except in small isolated tracts
usually at high altitudes. Elevations range from 13,000 in the
San Juan mountains to 4,000 at the mouth of the Dolores River,
with the plateau region generally from 6,000 to 8,000. Precipitation
ranges from 50 inches or more in the highest mountains to less'than
10 mches at the lower end. In the mesa region, where irrigation
development is most feasible, the rainfall is 13 to 20 inches, of which
roughly one-half comes in the growing season. The mean annual
temperature is 40 to 48 degrees. e growing season is comparatively
long, considering mean temperatures, being frost free from 110 to 140
days. Under these conditions, an average diversion of 2 acre-feet

er acre will probably prove sufficient. Practically all of the region

as a “chocolate’”’ loam soil of 5 to 30 foot depth, underlain with shale
and sandstone. Natural drainage will prevent water-logging over
most of the areas. A consumptive use of 1.25 acre-feet per acre
of diverted water would seem ample allowance under these conditions.

The San Miguel River by reason of its high drainage area has a
well-sustained summer flow, the Dolores falling off in %une for lack
of similar high drainage area. The combined run-off of these streams
averages 730,000 acre-feet annually.

The data here given are based on information obtained from United
States Geological Survey Water Supply PaEers, and particularly
No. 395 (E. C. La Rue), from reports g the State engineer-of Colo-
rado, from unpublished reports to the Reclamation Service by
C. B. Smith and H. F. Burkhart, from information furnished by
private irrigation companies, and from general information. .

POWER DEVELOPMENT.

On the headwaters of the San Miguel River near Placerville, three
small high head plants have been constructed with an aggregate
installation of approximately 5,000 kilowatts.

Whiledefinite data arelacking, it is believed that further small devel-
opments of the same type as now installed may be feasible on the
San Miguel and to a lesser degree on the Dolores watershed. The
utmost development by this means would in any event be relatively
small and insufficient for transmission to outside markets. On the
main rivers, the relatively small flow available during most of the
year combined with lack of concentrated fall preclude cheap develolp-
ment. Storage for equating the San ‘Miguel run-off is not available.
On the Dolores River this may be done at the Dolores and Bedrock
reservoir sites. The former is the only means of utilizing Dolores
water for irrigation in Colorado with diversion 173 feet above.low
water in & 230-foot reservoir. '

Under these conditions, a power development without loss of water
for irrigation purposes would be impractical. At the Bedrock site
there 'would be no interference with irrigation interests but the
development of the Dolores, Montezuma, Disappointment Valley,
and West Paradox projects would reduce the present limited water
supply from 357,000 acre-feet annually to an estimated 115,000
acre-feet. This flow would be reduced to a very small amount in
periods of low run-off and storage sufficient to equalize annual flows
would entail heavy evaporation losses and produce a continuous flow
of 100 second-feet at most. On the whole, then, it may be said that
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ower in small quantities may be developed on the headwaters of the
Bolores River system without interference with irrigation and that
power can not be developed on the main rivers at reasonable cost
without unwarranted interference with irrigation.

IRRIGATION DEVELOPMENT TO DATE.

With all streams entering rapidly deepening narrow canyons close
to their sources at high altitudes, individual development has been
largely precluded, and the acreage attributable thereto is negligible.
Both the Dolores and San Migue% rivers receive their supply from a
large number of small streams, none of which carries sufficient water
for any extensive area. Developments on the San Miguel drainage
area usually have the alternative of a long canal intercepting a number
of tributaries, or an equally long or longer canal through difficult
country from the main river.

The former in every case requires storage as the smaller streams
lack late summer water, while diversions from the main stream
though expensive usually require little storage. In either case
construction costs can be brought within feasible limits only by the
inclusion of moderately large areas, requiring an initial investment
of an amount not readily obtainable for a %listrict so unfavorably
situated. Many projects have, therefore, been initiated and in
many cases considerable sums spent for construction but none has
been completed. »

In the Dolores River drainage the lack of cheap storage facilities
in the headwaters and extremely rough topography along the main
stream preclude development from the main stream except by diver-
sion to the San Juan <frainage basin, where 25,000 acres have been
developed on the Montezuma project. The lack of late summer
flow on tributaries of the Dolores has kept developments on them to a
minimum.

The present irrigated areas are as follows:

Irrigated areas.
Canal system. Water supply. Reservoirs. A;::edirfi'
SAN MIGUEL DRAINAGE.
Acres.

Gutl&v and Cone......... Beaver Creek. . .......ocoviuiiininiiiiiannannn. 10, 000

San i%l;el ..... do............. N 1,
Lilylands..... Naturita Creek............coooeiimiiiiiiiiaaaa, d 1,000
Nucla Colony. San Miguel River e 5,000
Scattered................. Horsefly, Tabeguache, and Headwater tributa- |..... do.......... 7,000

ries.
24, 000
DOLORES DRAINAGE.
Disappointment.......... Disappointment Creek............ccoccvuienaa... None............ . 2,000
West Paradox............ ParadoxCreek...........covvuiiiniieninninaan.. Buckeye, Geyser 3,000
Scattered................. Various smallcreeks. .........cooooiimiiiiiaae. None............ 4,000
9,000
—_—
Total present irFi- fo..oc.eeeieeieeniienieiii i eiiiiiaieaieaeean|iaeeaieeaceaaaens 33,000
gated area.
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General data—Irrigation.

Present ir- | Estimated Total

rigated area.| additional. | ultimate.
[0 11 ¢V 1 T 58,000 214, 000 272, 000
L0 30, 000 30,000
1 158,000 | 2 244,000 302, 000

125,000 acres on San Juan slope.
2105,000 acres on San Juan slope.

NoTE.—Of this 105,000 acres is in the San Juan Basin by diversion from the Dolores.
FUTURE IRRIGATION DEVELOPMENT.

From the conditions in the Dolores watershed heretofore described,
the probable future development may be understood. Further
development by individual effort will no doubt be small. For
development by organized effort, all projects fall into distinct classes.
One of these comprises the smaller projects requirini extension of
existing canals and in most cases addition of storage which, although
not cheap, can be added from time to time as demand for the irri-
%ated land improves. This class includes the Nucla colony, West

aradox project and scattered areas with present irrigated area of
19,000 acres and additional available area of 28,000 acres. All
other projects with 27,000 acres now irrigated and 197,000 additional
acres irrigable, fall roughly into a class which does not permit of
development by sections. The reasons for this are various and will
be described for each project individually. The net result in every
case is that the margin between the cost of construction and present
value of irrigated land is too small to invite immediate construction.
The one factor common to all projects is the lack of good transporta-
tion facilities which facilities consist at the present time of a narrow-
gage line from 10 to 70 miles from the projects. The probability of the
early improvement of transportation facilities was one of the factors
promoting the construction of all these projects from 1904 to 1912,
during which time large sums were spent for construction on all
projects except the Dolores. Actual railroad construction would
immediately increase the margin between construction cost for irri-
gation and value of irrigated lands to a point that might mean the
completion of many projects. The various projects and their

ouping in line with the classification adopted for projects are as
ollows:
Classification of projects.

Additional irrigable areas.
Project. Area now|

irrigated. | cjags A. | Class B. | Class C. | Class X.

15,000 | 219,000 |.......... 10, 000

1 Based on reuse of 50 per cent of return flow from projects llying within Dolores drainage area. Return
flow 0.75 acre-foot per acre, from 117,000 acres in Dolores Basin. Water reused would be 44,000 acre-feet,
or sufficient for 22,000 acres at 2 acre-feet per acre diversion duty. Acreage not distributed to projects.
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With the exception of the last two, there are no conflicts in water
supply and, in this case, ample storage for the lower diversion will
insure effective utilization of available supply. Where natural
flow is insufficient for the other projects, storage is usually provided
for with the result that all of tﬁe above projects may be expected
to average 2 acre-feet per acre diversion of which 1.25 acre-feet
would be consumed.

The Dolores and Montezuma projects lying outside the Dolores
drainage area will entail a total loss equal to their diversions and
anticipated transmountain diversions near Ridgeway will take an
amount estimated at 15,000 acre-feet annually.

Water-supply conditions for the Dolores drainage as a whole for
the future are estimated as follows:

Present outflow from Dolores River: . . Acrefeet.
Dolores at Bedrock (1918-1920). . .. ... .iiniiieii it iiai e 357, 000
San Miguel at Naturita (1918-1920).. ... ... .. oiininiiiaia i 272, 000
Inflow below Naturita and Bedrock (estimated)....................... 101, 000

Total present outflow. ........ RSP 730, 000

Future additional diversions: .
Dolores and Montezuma projects: 105,000 acres at 2 acre-feet........... 210, 000
Other projects within basin: 139,000 acres at 1.25 acre-feet............. 174, 000
Transmountain diversions to Gunnison......................o..ooa... 15, 000

Total future abstractions......... .. ... ... iiiiiiiiiiiiiiiiaiia.n 399, 000
Expected future outflow. . .. ... ... i, 331, 000

Return flow from diversions to the Gunnison River Basin would
decrease losses for the Dewey reservoir from 399,000 acre-feet
annually to 395,000 acre-feet. Return flow from the Dolores and
Montezuma Eroz’fects would add 63,000 acre-feet annually to the San
Juan above Bluff, making a net loss to the Colorado below the mouth
of the San Juan of 332,000 acre-feet annually, due to operations in
the Dolores drainage.

SAN MIGUEL PROJECT.

Present irrigated area, 1,000 acres; additional irrigable area
60,000 acres.

Mean annual temperature, 47°

Mean annual precipitation, 15 inches.

Mean precipitation during growing season, 8 inches.

Elevation, 6,000-6,500 feet.

Interval between killing frosts (summer), 130 days.

Transportation, Denver & Rio Grande narrow gage; nearest sta-
tion, Placerville, 40 miles from heart of project.

Irrigation plan.—The project consists of two independent units.
The Nelson ditch, heading in Beaver Creek, covers 10,000 acres
EFi.ng west of Beaver Creek northwest to the San Miguel River.

his canal has been constructed with a length of 30 miil;s, but the
system requires storage in Beaver Park to provide the required
water supply. It is being operated to provide water for old rights.
The San Miguel ditch heads in San Miguel River 7 miles below
Placerville, and with a length of 50 miles covers 50,000 acres south
and west of Norwood. Short feeders also bring into the main canal
unused waters from Beaver and Saltada creeks. The main canal
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includes 14 miles of flume, 1.6 miles of tunnel, and over 2 miles of
siphon, with 220-580 foot head, with most of the expensive work
concentrated in the 20-mile section from the head works to the point
where irrigable land starts. The only work done on this unit is the
benching for the flume.
Duty of water.—A diversion of 2 acre-feet per acre annually is
expected to care for the needs of this project.
ater su;;( ly.—The water supply for the Nelson ditch unit is
Beaver Creek, whose total estimated annual flow of 50,000 acre-feet
is subject to prior rights for 7,000 acres under the Gurley ditch.
The relation of irrigation demand and supply for an average year
under the Nelson ditch system is as follows:

Water supply, Nelson ditch unit.

[Acre-feet.]
- ]
Beaver Required | Available | Demands
Month. Creek for prior | for Nelson | for Nelson I:Eg;ir:d
flow. rights. ditch. ditch. ge.

’

Storage capacity of 8,200 acre-feet would be required for seasonal
regulation in an average year, which would be increased to 12,000
acre-feet to provide for abnormal years and for desirable hold-over.
This stora%e is supposed to be available in Beaver Park.

For the San Miguel Canal unit the relative supply and demand are
as follows: .
Water supply, San Miguel Canal unit.
[Acre-feet.]
Available supply. Prior
rights | Residue | Demand
Month . i [l Nucla | for San | for San
: : an Beaver Clay and’ colony Miguel | Miguel
Croek.t Horsefly i Total. 10,000 | project. | project.
. creeks. acres.
700 3,000 6’888 , 500 2,000 | 21,500 8, 000
500 8,000 9, 62, 500 5,000 | 57,500 20, 000
400 4,000 3,000 | , 800 7,500 | 51,300 30, 000
500 1,000 1,000 | 30,400 5,000 ) 400 20, 000
200 500 500 | 15,500 3,800 | 11,700 15, 000
200 500 500 | 13,000 1,700 | 11,300 7,000
Total...........| 160,200 6,500 | 17,000 | 20,000 | 203,700 | 25,000 | 178,700 | 100,000

1 Unused by proposed projects above. '

There would apparently be some shortage in August of any average
year and larger shortages than this table shows would occur in many
years but the expense for necessary storage to obviate them would
probably not be warranted.
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Concluston.—The Nelson ditch unit of this project requiring prac-
tically only the addition of storage for its completion would put it in
the class of projects which may be completed very soon if it could
be split from the balance of the project. This the controlling inter-
ests do not care to do.

The San Miguel ditch unit requires a large investment before any
land may be watered, with present conditions for obtaining capital
unfavorable. .

’ LILYLANDS PROJECT.

Present irrigated area, 1,000 acres; additional irrigable area, 15,000
. acres.

Mean annual temperature, 44°.

Mean annual precipitation, 18 inches.

Mean precipitation in growing season, 10 inches.

Elevation, 6,500 to 7,500 feet.

Interval between killing frosts (summer), 110 days.

Transportation, Denver & Rio Grande narrow gage; nearest
station, Placerville, 45 miles from heart of project.

Irrigation plan.—A diversion canal from Rlaturita Creek and other
small creeks at elevation 7,800 has been constructed for a length of
32 miles. Land available for this project far exceeds the available
water suﬁgli. Long extensions of the feeder canal to Beaver and
Fall cree ave been considered and then rejected on account of
relatively small amount of water available after other projects
develop. The project includes 1,000 acres of land having olg rights
which %ave been acquired for the project. Storage of 6,900 acre-
feet is to be utilized for distribution of available supplies which
come mostly in ea.r’ll% summer.

Duty of water.—The duty of water for this project will be less than
the average for the Dolores drainage area owing to higher altitude,
greater precipitation, and shorter growing season. A d%version duty
of 1.5 acre-feet per acre will probably be sufficient.

Water szépgly.—The supp}iy from Naturita Creek and other streams
intercepted by the proposed 32-mile canal, after deduction for prior
rights of the Cone ditch, is estimated at 30,000 acre-feet annually,
with a requirement of 24,000 acre-feet if a 1.5 acre-foot diversion be
permitted.

The small surplus available in an average year indicates probable
heavy shortages at frequent intervals, but the reduction in crop re-
turns would not be in the same proportion owing to rainfall and tem-
perature conditions. The project may be expected to develop to
this acreage. :

The promoters of this project have intended including 25,000 acres,
but the lack of water sulﬁly has at all times been apparent, and the
acreage adopted is probably the maximum that could be supplied.

Storage.—Storage is required for the distribution of the seasonal flow,
and a site of 6,900 acre-foot capacity is available. For seasonal distri-
bution 8,000 acre-feet may prove sufficien't and fully 15,000 acre-feet
would be required to provid% a reasonable hold-over.

Conclusion.—This project, owing to its distance from transporta-
tion, short growing season, and doubtful water supply, if expanded
as intended, will not develop readily and can at most be placed in

., Class B with the reduced acreage.
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NUCLA COLONY.

Present irrigated area, 5,000 acres; additional irrigable area, 5,000
acres.

Mean annual temperature, 48°.

Mean annual precipitation, 14 inches.

Precipitation during growing season, 7 inches.

Elevation, 6,000 feet. v

Interval between killing frosts (summer), 140 days.

Transportation, Denver & Rio Grande Railroad, narrow gage;
nearest station, Placerville, 45 miles to project. .

This project was started by a socialistic colony many years ago, a
16-mile canal being built from San Miguel River. The increase in
acreage to the ultimate project will require increased canal capacity
and extension of the main canal. The diversion for this area will
average 2.5 acre-feet per acre. Having prior rights to the waters of
San Miguel River, whose discharge above their headgate averages
270,000 acre-feet annually, the project will enjoy a full water supply
at all times without resort to storage. .

This project will be one of the first in the Dolores area to be com-
pleted, as the construction cost is less than with most projects, and an
ample water supply is assured at all times.

DISAPPOINTMENT VALLEY.

Irrigable area, 17,000 acres.

Mean temperature, 46°.

Mean annual precipitation, 15 inches.

Precipitation during growing season, 8 inches.

Elevation, 6,000 feet. ‘

Interval between killing frosts (summer), 140 days.

Transportation, Denver & Rio Grande Railroad, narrow gage;
nearest station, Dolores, 50 miles away.

Irrigation plan.—Diversion from lgisappointment Creek will be
made to T. 42 N., R. 16 W. A feeder canal of 180 second-foot capacity
and 6 miles long will deliver water to Custer Draw, where a reservoir
of 17,400 acre-foot capacity is to be built. A short outlet canal will
deliver stored water to the project lands. The inlet canal to the
reservoir has been partially constructed. .

Duty of water.—Diversions for this project of 2 acre-feet per acre
are expected.

Water supply.—Diversions will be made from Disappointment and
Springs creeﬁs, with no records available. The drainage area of the
two streams is approximately 200 square miles, with an average ele-
vation of about 8,000, and the annual run-off is estimated at 35,000
acre-feet. With an annual demand of 34,000 acre-feet, the margin
of water suplgly is too narrow to prevent many shortages.

Storage.—For seasonal storage it is estimated that a capacity of
15,000 acre-feet is required, leaving but 2,400 acre-feet of the pro-
posed capacity for hold-over. Frequent shortages are quite certain
to occur, though probably not serious enough to warrant reduction
iln zzlcreage. Data regarding additional avallable storage are not at

and.
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Conclusion.—This project can probably be constructed at less cost
than most of the projects of the Dolores drainage area, but the unre-
liability of water supply, together with its isolated location, does not
warrant placing it in the Class A projects.

WEST PARADOX VALLEY.

Present irrigated area, 3,000 acres; additional irrigable area, 10,000
acres.

Mean temperature, 48°.

‘Mean annual precipitation, 13 inches.

Precipitation during growing season, 6 inches.

Elevation, 5,200 feet.

Interval between killing frosts (summer), 160 days.

Transportation, Denver & Rio Grande Ra,ilroad)j Placerville, on
the narrow-gage line, and Delta, on standard-gage, are 70 to 75
miles away.

Irrigation plan.—Collection canals aggregating 20 miles in length
will concentrate waters from West Paragox, Deep, Geyser, and Rock
creeks in two reservoirs of 1,240 and 7,000 acre-foot capacity, to be
released into West Paradox Creek and diverted lower down. The
project has been formed by the consolidation of old ditches for the
purpose of providing necessary storage and increasing the total irri-
gated area.

Duty of water.—Diversions are expected to average 2.5 acre-feet
per acre, the longer growing season and higher temperatures demand-
Ing a greater diversion than the average over the Dolores drainage
area.

Water supply.—All water is derived from Geyser, Deep, La Sal,
and West garadox creeks, which head in the La Sal mountains of
Utah, in the western corner of the Dolores drainage area, and flow
easterly to the Dolores River.

No records are available on these streams. Their combined drain-
age area of 180 sqluare miles has an average altitude of 8,000 feet,
with 25 square miles exceeding 10,000 feet. The run-off from this
area is estimated at 40,000 acre-feet annually, 'or 3 acre-feet per acre
to be irrigated. Owing to the high altitude of parts of the water-
shed, the spring run-og will last later in the season than on most
creeks angd will more nearly resemble that of the Dolores River.

Storage.—The amount of storage planned, 8,240 acre-feet, will
probably suffice for the distribution of water in ordinary years, but
will not do so in abnormal years nor provide hold-over for years of
low total run-off. The availability of additional storage capacity is
not known.

Conclusion.—This project will probably be built up reasonably soon
to the acreage intended, in spite of its distance from railroads, as its
crops would be in demand for feeding purposes and for the use of the
uranium mining interests close by.

MONTEZUMA PROJECT.

Present irrigated area, 25,000 acres; additional irrigable area,
25,000 acres.

Mean annual temperature, 45°.

Mean annual precipitation, 15 inches.
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Precipitation during growing season, 8 inches.

Elevation, 6,000 to 6,500 feet.

Interval between killing frosts (summer), 125 days.

Transportation, Denver & Rio Grande Railroad, narrow gage;
nearest station, Dolores, 3 to 15 miles away.

Irrigation plan.—Water is diverted from the Dolores River a short
distance below Dolores on the left bank of the river by means of
a low concrete dam. Immediately below the headgate a 5,800-foot
tunnel takes part of the water and delivers it to the easterly por-
tion of the irrigated area. The remaining water is carried through
an 8-mile canal to the Narraguinnep reservoir, with a present storage
capacity of 5,600 acre-feet, and then fed to the distribution system
covering the western and central portions of the project.. The
Ground Hog reservoir has been constructed on Ground Hog Creek
near Dunton with a capacity of 8,000 acre-feet, but remains unused
for lack of repair and because of dangerous leaks. The enlargement
necessary to care for the increased area will necessitate enlarged
reservoirs and canals. Two small reservoirs are also planned within
the project.

Duty of water.—A diversion of 2 acre-feet per acre for this project
is believed to be sufficient, considering the rainfall.

Water supply.—Aside from a small amount of surface run-off and
return flow available within the project, all water is derived from
the Dolores River. The relation of supply to demand at the intake
is estimated to be as tollows:

Water supply and irrigation requirements.

" [Acre-feet.]
Discharge | Demand D
Month. of Dolores | for irriga- raft on
River. tono. | storage.
44,000 8,000 |.eevennnn.
98, 000 20,000 [............
86,000 30,000 |............
28000 . 20,000 |..oiiiiilill
12000 15000 3,000
£000 1 7000 |oeenuerarn.
430000 ...t
319, 000 100, 000 3, 000

Storage.—From the above table there is seen to be but little
stor?e needed in_an average year. In a year like 1902, however,
the discharge in Dolores River, June to September, inclusive, was
but 33,000 acre-feet as against a demand of 72,000 acre-feet. Present
plans provide for 18,000 acre-feet of stora%e which would keéep the
shortagle even in such a year to a permissible limit.

Conclusion.—The Montezuma Froject may be expectéd to build
to its full size as soon as general conditions for irrigation develop-
ment improve within the Dolores Basin. While the project has
been troubled with financial burdens which it has been unable to
bear in the past, these may reasonably be expected to be overcome
in the future.
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DOLORES PROJECT.

Irrigable area, 80,000 acres or more.

Mean annual temperature, 45°.

Mean annual precipitation, 14 inches.

Precipitation during growing season, 7 inches.

Elevation, 6,000 to 6,500 feet.

Interval between killing frosts, 125 days.

Transportation, Denver & Rio Grande Railroad, narrow gage;
nearest station, Dolores, 20 to 60 miles. ’

Irrigation plan.—The Dolores reservoir is to be built on Dolores
River just below mouth of Beaver Creek, about 10 miles down-
stream from town of Dolores. Present water level is to be raised
230 feet and diversion to be made 173 feet above stream bed, leavin,
120,000 acre-feet of active storage. The c¢anal will follow the sout.
side of the canyon for 14 miles and pass with a 4,800-foot tunnel
to the headwaters of Montezuma Creek in the San Juan Basin.
From this point the main canal branches to the south and north-
west. The lands to be irrigated consist of mesas sloping toward
the San Juan River and separated by deeply cut drainage channels.
The canal from the reservoir to the point where the irrigable lands
are reached will be built through a very difficult country, with a large
amount of flume and tunnel work. After passing the San Juan
divide, the canal system will not be difficult of construction.

Duty of water.—ﬂrigation diversions of 2 acre-feet per acre will
probably prove sufficient, as much of the area has recently been suc-
cessfully (fry-f armed.

Water supply.—All water will be derived from the Dolores River.
The average recorded discharge at Dolores is 291,000 acre-feet
annually, which when adjusted for normal years by comparison with
Animas River at Durango would be increased to 319,000 acre-feet.
Inflow from Beaver Creek and other drainage to the dam site would
add 20,000 acre-feet. On the basis of an average year, the relation of
tv;vsltlter supply and demand for an 80,000-acre development would be as

ollows:

Water supply and irrigation requirements.

[Acre-feet,]
Discharge | Prior | pa1ance for |Demand for
Month. of Dolores | rights of | “nolores | Dolores | Drafton
Uma  hroject project. | storage.

With 120,000 acre-feet of storage available there is sufficient
holdover capacity to tide the project over short years, excepting only
where these occur in a series.
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For a'short year like 1900, preceded by a shorter year when no
holdover is available, conditions would be as follows:

Acre-feet.

Inflow, October to May, inclusive. .. ... ... .. . ... ... ... .. ..., 132, 000
Diversions by Montezuma project. ...l 40, 000 .

Diversions by Dolores project . . . ........c.ooiiiiiiiiiiiii 45, 000 5 000
85,

. StorageJunel.......................
River discharge June-September, inclugive. . .
Diversions by Montezuma Project. . ............cceeeeuiiiiiiinennnann.

Balance for Dolores project......... TSRS

Total for Dolores project...............oiiiiiiiiiiiiiiiinian..
Total per acre, Dolores project....................ooiiiiiiiiian..

While this amount is relatively low, it is, however, sufficient to-
gether with precipitation to prevent total crop losses, and considerin
that such years do not occur frequently, the project may be expecte
to develop to this point.

Storaé]e.——The relation of storage required to project area has been
outlined. Additional storage may be available above the Dolores
site, though no data are at hand. The Dolores reservoir, as planned,
backs water to the Montezuma project dam, and additional storage by
raising the reservoir could be accomplished only at considerable cost
in reconstruction of the diversion system for that project. Lowering
the outlet in Dolores reservoir woufrd increase storage, but would also
increase cost for the main canal by lowering the summit grade of the
San Juan divide.

Conclusion.—The acreage available for this project is much larger
than the water supply will care for and construction will depend
wholly on unit costs, as the cost of the main features of the project will
vary but little with considerable variation in acreage. Such unfavor-
able features of this project as its transportation facilities, large initial
investment required, and probably high cost per acre will probably
deter development for a long time.

93715—S. Doc. 142, 67-2——13



SAN JUAN BASIN.
SAN JUAN DRAINAGE AREA.

The San Juan River and its tributaries drain a large part of south-
western Colorado, northwestern New Mexico, southeastern Utah, and
northeastern Arizona. The drainage area is a high plateau of sedi-
mentary origin resting at the northeast corner on the San Juan and
minor mountain ranges from which practically all of the stream flow
is derived. The character of the basin changes radically near
Farmington, at the junction of the La Plata, Animas, and San Juan
rivers. Below this point the San Juan receives no perennial streams,
excepting the Mancos, whose flow is negligible.

The San Juan has cut a deep gorge through the country from
Farmington to its junction with the Colorado, containing only a few
small scattered areas susceptible of irrigation. Its tributaries enter
in similar canyons but contain little or no water except when heavy
local rainstorms cause sudden violent floods to enter the San Juan.
Above Farmin%ton, the area to the south is a rough mesa region with-
out water supply, and in many places deeply dissected. North of the
river and lyin {argely in Colorado is a hlgT‘;.ly irregular plain sloping
sharply from 518 mountains. : ,

The streams originating in the higher .mountains enter deep can-
yons close to their sources, these canyons gradually widening out
and getting shallower as the San Juan River 1s approached, creati
a highly irregular plain bounded by the San Juan lgiver on the sout.
and by a line passing through Eds{th, Bayfield, Durango, La Plata,
and Cortez on the north, extending well into Utah. gI‘hlro h this
plain the San Juan and its various tributaries have cut channels
whose depth is in general proportional to the volume of water carried.

Interstream diversions are necessary for the reclamation of this
area as many of the streams have insufficient water for the reclama-
tion of land immediately adjacent and such diversions are in most
cases not difficult. The totaf water supply, while far in excess of the
demands for the available acreage, presents physical difficulties of
diversion which will leave a large flow in the San Juan proper.

The irrigable lands have a deep loam soil of sedimentary origin,
characterized by its high fertility. Most of the area has numerous
drainage channels, though seepage to the extent of waterlogging is
apparent in some of the old flatter areas.

levations range from 5,000 to 8,000 in the irrigable areas and
from 4,000 t0°14,000 within the whole basin.

Precipitation ranges from 8 inches, or less, at the mouth of the
San Juan to probably 50 inches in some of the mountains. In the
irrigable area, precipitation ranges from 10 to 24 inches and the mean
annual temperature from 40° to 48°. The entire region is character-
ized by mild winters, hot summer days, and the occurrence of rains in
the late summer season.
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Diversion duties will vary from 3.5 acre-feet in the lower altitudes
to 1.5 acre-feet, or less, in the higher altitudes, the difference being
due largely to variation in precipitation. Consumptive use will vary
from 2 feet to 1 foot or less.

Power development.—There is one power development in the San
Juan Basin at present. This is the Tacoma plant, located on Animas
River, between Durango and Silverton. ater is supplied by Cas-
cade and Elbert creeks through a 21,000 acre-foot reservoir. The
plant has a 988-foot head. The installation of two units has a rated
capacity of 4,500 kilowatts. The output is used for mining, milling,
and lighting. ’

Opportunities for further power development by means of high
hea(f lants similar to the one constructed are probably existent
thouglrl) definite data are lacking. Developments on the main streams
require storage since the winter flow is too small to warrant construc-
tion of power plants. Lack of storable water and present irrigation
requirements further limit power possibilities to the Animas and San
Juan rivers. The Animas has an average flow of 719,000 acre-feet
annually, of which but 80,000 acre-feet are now in use with the possi-
bility of further use of possibly 309,000 acre-feet, which would require
the construction of Animas reservoir, leaving 330,000 acre-feet un-
used with ultimate irrigation development from this stream. Its
capacity is sufficient to control the river and the irrigation release
could be used for power purposes, the amount so used dependin

upon the elevation of the outlets for irrigation and the amount o

water released for use below. In case of consolidation of the La
Plata Meadows and Overland projects with a common outlet at con-
siderable height above stream %eci, the mean power output would be
that derived from the release of approximately 600,000 acre-feet at a
mean head of 100 feet, equivalent to a uniform power output of
7,000 horsepower. .

On the San Juan River, power possibilities exist at the Hogback
and Bluff sites, but since the former would entail considerable destruc-
tion of present irrigated area without offering any more advantages
than the Bluff site, only the possibilities at Bluff will be outlined.
At the Bluff site, the anticipated run-off when all outlined projects
become developed will be 1,650,000 acre-feet annually which, if
equated, will permit a power output of 35,000 horsepower with a
mean head of 175 feet, Wﬁich would allow 740,000 acre-feet of equaliz-
ing storage and 840,000 acre-feet of dead storage if the water surface
is raised 225 feet. At the present time, silt carried past the dam
site is estimated to be 29,000 acre-feet annually, which would give so
short a life to the reservoir that it is hardly worth while developing
when the irregular flow of the San Juan is considered. If irrigation
should go ahead as estimated in the following pages, it would equalize
the flow and decrease the annual silt to some extent so that this may
become a feasible power site. It is not considered in estimates of
power, however. : - - -

The Bluff site has also been considered for regulation of floods for
protection of the lower river, but its effect in this direction would
not be large.

Future development will probably be along the line of high head
flants in the headwaters region and will be limited by local markets

or power as present consuming centérs are far removed with better
power sites closer at hand.
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Irrigation development to date.—Present irrigated acreage within the
San Juan Basin is as follows:

Irrigated acreage, San Juan Basin.

Stream. Colorado. Utah. Mr::i‘;o Total.

gavgjo ................................................. A?z“doo Acr:g
2 (U RV T S« DR Y ) , 000

Piedra. ... ..

Price.. , 000 25,000
Florida. 15,000 15,000
Al 10,000 |. 20,000
La Plata 19,000 |. 23,000
Mancos.. 10,000 |. 10,000
McElmo..... 125,000 25,000
LV Y I 111,000 | 157,000

1 From Dolores River.

~ The present developed area is the result of efforts largely of indi-
viduals singly or in small groups, very few projects réquiring organized
effort having been executed to date.

Future irrigation development.—Opportunities still exist for con-
siderable increase in acreage by individual efforts in the headwaters
region and by the extension of present irrigated areas under small
ditches in the intermediate areas between the headwaters and the
San Juan River valley proper, especially from the Pine and Florida
rivers. On some of the streams, notably the L.a Plata and to a lesser
extent the Pine and Florida rivers, diversions are not difficult, but
storage will be required for any major extensions while with the other
streams diversions except near the headwaters will be difficult.

The greatest possibilities lie in diversions from the Animas and
San Juan rivers whose flow has been depleted very little, but where
diversions are possible only with long, expensive canal systems.

The segregation of many localities into definite projects 1s impossible
with available data and some of the listed projects are, in reality,
rather a group of smaller projects.

Classification of projects.

Project. Class A. | Class B. ClassC. | Class X.

Navajo River. ..
Piedra River. .
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General data—Irrigation development.

Present. | additional -0
possible. ultimate.
111,000 | 1 216,000 1327, 000
‘ 483, 000 517,000
12, 000 2 30, 000 42,000

157,000 | 729,000 886,000

175,000 acres by water from Dolores River. 2 With Dolores River water.
Avérage annual discharge of basin at Bluff, Utah.
Acre-feet.
Present annual discharge. . ... ... .. .. .o iiiiiiiiiiiiiiiiiaan 2, 700, 000
Future depletion:
Navajo, Piedra, and Mancos rivers, 36,000 acres, at 1 acre-foot.. 36, 000
Pine, Florida, and La Plata rivers, 55,000 acres, at 1.25 acre-
(Y 69, 000
La Plata Mesa, 40,000 acres, at 1.50 acre-feet................ 60, 000
Overland and Turley projects, 483,000 acres, at 2 acre-feet... 966,
——— 1,131,000
Remainder.......... g e e e et eaietcaeaeeaceaacaaaaaan 1, 569, 000
Return flow from Montezuma and Dolores projects (Dolores water)........ 81, 000
027 1, 650, 000

NAVAJO RIVER AND TRIBUTARIES.

No definite projects are planned but possibilities of further irri-
§Iation largely by individuals are known to exist. Discharge of the

avajo River has been recorded with a mean of 150,000 acre-feet.
The distribution of this supply is such that the 17,000 acres addition-
ally expected to be irriiated will require little or no storage. With
a precipitation during the growing season of 10 to 14 inches, a con-
sumptive use of 1 acre-foot 1s assumed.

PIEDRA RIVER.

Additional irrigation of 9,000 acres, all in Colorado, is expected,
largely through individual effort. The present annual discharge of
this niver is 405,000 acre-feet. No storage will be necessary. ith
altitude ranging from 6,200 to 8,000 feet and precipitation in the
growing season from 9 to 12 inches, a consumptive use of 1 acre-foot
per acre is assumed. :

IGNACIO PROJECT.

Irrigable area: Colorado, 42,000 acres; New Mexico, 8,000 acres;
total, 50,000 acres.

Mean annual temperature, 47°.

Mean annual precipitation (Ignacio), 16 inches.

Precipitation during growing season, 8 inches.

Elevation, 6,200 to 7,000 feet.

Interval between killing frosts (summer), 130 days.

Transportation, Denver & Rio Grande Railroad, narrow-gage, runs
through project. :
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Irrigation plan.—A 5-mile feeder canal from the Pine River at
Bayfield will deliver water to the Dry Creek reservoir, which may be
built to a capacity of 85,000 acre-feet. From the reservoir a 20-mile
main canal will serve most of the irrigable area. A portion of the
area will be covered by present ditches, which are to be enlarged and
extended. . '

Duty of water.—A diversion of 2 acre-feet per acre is anticipated,
of which 1.25 acre-feet will be consumed.

Water supply.—All water is to be taken from the Pine River,
whose mean flow at Ignacio is 343,000 acre-feet. On the basis of an
average year the relation of water supply and demand is estimated as
follows:

: Water supply and irrigation requirements.

Irrigation
Flow of | Demands L%fitnfor delgmnd Draft
Month. Pine for prior River for Pine A
River. rights. ro]e?:t River Storage.
p : project.

Acre-feet. | Acre-feet. | Acre-feet. | Acre-fect.

6,000 35,000 &, 000 .
16, 000 67,000 20, ..
24, 000 73, 000 30,000 |..
16,000 | 26,000 20, 000
12,000 | 2,000 15,000
6,000 | 3,000 7,000
000 100, 000 17,000

Storage.—The 17,000 acre-foot draft on storage may in ordinary
years reach 30,000 acre-feet, considering variation in discharges and
demands, and 1n a low year like 1918 the storage requirement would
be 50,000 acre-feet. No hold-over capacity is required, and a storage
capacity of 25,000 to 40,000 acre-feet will therefore provide an ade-

uate supply in all years. With 85,000 acre-feet of storage available,
the water supply for this project is beyond question.

FLORIDA RIVER PROJECT.

Irrigable area, 15,000 acres.

Mean annual temperature, 47°.

Mean annual precipitation, 17 inches.

Mean precipitation during growing season, 9 inches.

Elevation, 6,400 feet.

Interval between killing frosts (summer), 130 days.

Transportation, Denver & Rio Grande Railroad, narrow-gage;
passes through the distriet.

Irrigation plan.—Water will be taken from the Florida River some
6 or 7 miles northeast of Durango and conducted to lands lying
between the Florida and Animas rivers. Storage is expected to be
provided by means of small reservoirs on the project.

Duity of water.—A diversion duty of 2 acre-feet per acre is antici-
pated.

Water supply.—The mean annual discharge of the Florida a short
distance above the proposed diversion and above all present diver-
sions is 92,000 acre-feet. In an average year the relation of supply
to demand is estimated as follows:
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Water supply and irrigation requirements.

[Acre-feet.]
° Prior
Balance i Demand
ights Project
Month. Supply. T ot ma
ﬁgﬁ? project demands. | o orage.
8,600 1,600 7,000 2,400
Z, 400 4,000 | 23,000 6,000 |-
27,600 6,000 21,600 9,000
12,100 4,000 8,100 6,000
3,700 3,000 700 4, 500
2,800 1,400 1,400 21100
82,200 20,000 62,200 30,000

In a low year like 1918 the demand on storage increases to 9;500
acre-feet.
_ Storage.—Allowing. for unavoidable waste past the headgates
in times of high discharges 8,000 acre-feet of storage would be neces-
sary to prevent excessive shortages in low years. The existence
of this amount of available storage at reasonable cost is doubtful
and the project if constructed will probably run short of water
frequently in late summer.

LA PLATA MESAS PROJECT.

Irrigable area, 40,000 acres.

Mean annual temperature, 46°.

Mean annual precipitation, 15 inches.

Precipitation 1n growing season, 8 inches.

Elevation, 6,200 to 7,000 feet. :

Interval between killing frosts 130 days (summer).

Transportation, Denver & Rio Grande Railroad, narrow gage,
10 to 20 miles from land. Nearest station, Fort Lewis.

Irrigation plan.—A 200 second-foot transmountain diversion
canal at an elevation of 7,600-7,700 will convey waters from Her-
mosa, Lightner, and Junction creeks in the Animas drainage area
to the La Plata drainage, crossing the Animas-La Plata divide near
Pine Ridge, and emptying into La Plata River near Fort Lewis.
The total length of this canal will be 60 miles including 1 mile of
siphons and 6 to 7 miles of flume. It is also planned to construct
a new ditch or enlarge an existing ditch for the purpose of con-
veying La Plata River water to Cherry Creek near Mayday for the
purpose of reclaiming lands tributary to Cherry Creek, the water
so diverted from La Plata River to be replaced with Animas water.
This scheme avoids the necessity of a long canal across the La Plata
drainage to irrigate lands in the western part of this area with
Animas water. A 5,000 acre-foot reservoir is proposed on Hermosa
Creek to build up the total diversion from this drainage and addi-
tional storage is planned in the La Plata drainage area to use waters
now being wasted and to permit of the operation of the diversion
canal from Hermosa Creek for a greater portion of the year. The
lands to be irrigated lie in scattered areas on the mesas between
the various tributaries of the La Plata River.
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_ Duty of water.—The probable high cost of construction for this
development will tend to hold diversions to a minimum. This
factor, combined with the 8-inch rainfall during the growing season
and the water retentive properties vf the sois of this area, will
hold diversions to an average of 2 acre-feet per acre with consump-
tive use of 1.50 acre-feet per acre.

Water supply.—The water supply of the Animas River is but par-
tially used even in the months of lowest run-off, and the project may
be expected to be able to divert to the limit of its canal capacity
from existing flows of the intercepted creeks. The only existing
records are %or 1920, with an abnormally high run-off. In 1920,
divferlslions from the Animas watershed would have been possible
as follows: ‘

Water supply, 1920.

1
Date. ’ Divertible. ; Date. Divertible.

ey
2 400

In an avera%e year the time during which the canal would bé able
to divert its full capacity would be reduced from 90 days as above to
60 days, but diversions after August 1 would be practically the same,
resulting in a reduction of diversions to 50,000 acre-feet, which in low
years may get down to 40,000 acre-fees. To this must be added
5,000 acre-feet of storage, which would be impounded every year, and
conveyed to the La Plata drainage after August 1. The present un-
used water in the La Plata Basin within Colorado has been measured
at the State line in 1920 and part of 1919. Comparing these flows
with flows at Hesperus shows a difference of about 15,000 acre-feet
annually between the two stations, and indicates an average of 30,000
acre-feet annually passing into New Mexico, of which probably 5,000
acre-feet is return flow in the vicinity of the State line not recoverable
wit%hiﬁl Colorado. Total water supply for the project would then be
as follows:

Water supply.
Average
year. Low year.
Acre-feet. | Acre-feet.
Direct diversions in Animas watershed......................cooiel... PO X 40,
Storage from Animas watershed...... et e seneaataeacaaataaaeaeeaananaeaanaraeann 5, 000 5,000
Recoverable water in La Plata watershed. ..............cccoieiiiriiiririrennnnnn 25,000 15, 000
17 S 80, 000 60, 000

Storage.—The relation of supply and demand in an average year
would be as follows:
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Water supply and irrigation requirements.

[Acre-feet.]
Irrigable |Demand on
M°"_th' Supply. | gdemand. | storage.

S ¢ ) 12, 000 6,400 |............
May............ 33,000 16,000 |............
June. .. .1l 19, 000 24,000 5,000
July... .. 8,000 16,000 8,000
August 5,000 12,000 7,000
September. ... ..o ieiaaiaan 3,600 5,600 2,000
7 80,600 80,000 22,000

Of the above 22,000 acre-feet of storage required, 5,000 are to be

provided in Hermosa Creek, leaving 17,000 to be found in La Plata
drainage area. This storage is said to be available.
" Conclusion.—The water supply for this project is apparently suffi-
cient only for its bare needs and can not be considered ample. ¥t can,
however, be improved by the enlargement of the diversion canal
from the Animas watershed or by the provision of additional storage
in this watershed.

The construction cost will undoubtedly be high and deter construc-
tion for some time.

OVERLAND PROJECT.

Irrigable area, 83,000 acres.

Mean annual temperature, 50°.

Mean annual precipitation, 6 to 8 inches.

Precipitation during growing season, about 3 to 4 inches.
Elevation, 5,500 to 6,300 feet.

Interval between killing frosts (summer), 140 days.
Transportation, Denver & Rio Grande Railroad, Farmington
. branch (standard gage connecting with narrow gage at Durango),
3 to 25 miles away.

Irrigation plan.—Water is to be diverted from the Animas River
near the State line by a gravity canal system. The main canal, with
a length of about 100 miles, will cover most of the irrigable land in
townships 12, 13, 14, and 15 of ranges 30 and 31 north. The main
canal will run through much difficult country, and the lateral systems
due to heavy southward slope of the country and deeply cut drainage
systems Wiﬁ’ also be expensive.

Duty of water.—Diversions for this project, owing to the length of
the canal system, are expected to reach 3 acre-feet per acre, with a
consumptive use of 2 acre-feet, rainfall being so light as to help but
little in the production of crops. '

Water supply.—All water will be derived from the Animas with
10,000 acres now being irrigated and with anticipated diversions of
60,000 acre-feet annually for the La Plata Mesas project. The mean
annual discharge of the Animas at Durango has been 719,000 acre-
feet, of which 639,000 acre-feet would be available for this project.
With diversions of 249,000 acre-feet, there would still be a big surplus.
Relation of water supply to demand in a moderately low year like
1918 would have been as follows:
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Water supply and irrigation requirements.

[Acre-feet.]

Dis Demand for—
) charge Balance Demand | pemana
Month. Angms Prior | L& Plata [Overland |Overland on

torage .
Mesas | project. | project. | S
rights.! project.

2,000 | 10,000 | 20,000 | 20,000]..........
4000 | 12,000 | 100,000 R
6,000 | 12,000 | 149,000 | 75,000 |....o. ...
4000 | 10,000 | 41,000 » 000 9,000
3000 | 4,000 | 20,000 | 37,000 8,000
1,000 4,000 41,000 17,000 |..........

b T R 452,000 20,000' 52,000 | 380,000 | 249,000 | 17,000

1 Diversions partially above gaging station with only consumptive use as a loss for the stream flow.

From the above table the necessity of storage is comparatively
small, and although shortages would {e somewhat heavier in occa-
sional years of low run-off, the provision of storage does not appear
essential. Storage, if desired, can be provided to a necessary degree
with small inland reservoirs within the project or by the construction
of Animas reservoir just above Durango. ‘

Conclusion.—All data on the physical details of this project are
preliminary to the extreme, but from a review of available data the
unit cost of construction will apparently be high.. The project has
but one diversion site, and the construction of a small main canal
with a view of enlargement as settlement progresses does not appear
feasible. The large initial investment required, together with a high
unit cost per acre, will probably deter construction for a considerable
time. '

Suggestions have been made that this project be extended much
farther west, and this seems physically possible. The ultimate acre-
age would then be governed by available water supply in the Animas
River. Storage may be developed at the Animas reservoir just
above Durango in sufficient quantity practically to control the river.
With occasional rather severe shortages, the diversions could be
based on the average available flow, of which 639,000 acre-feet would
be available for this project. With the longer canals required for
such a large project, diversions of 3} acre-feet per acre may be
expected, limiting the ultimate project to 183,000 acres.

As an alternative to the above scheme, diversion might be made
from the Animas River at the Animas reservoir, the area so covered
being in general the same as for the Overland and La Plata Mesas
projects combined. Greater latitude of canal locations would be
present with possibly lower total cost for the project.

TURLEY PROJECT.

Irrigable area roughly estimated at 400,000 acres.
Mean annual temperature, 50°.

Mean annual precipitation, 6 to 8 inches.
Elevation, 5,000 to 5,700 feet.

Interval between killing frosts (summer), 140 days.
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Transportation, Denver & Rio Grande Railroad (standard-gage
line, connecting with narrow gage at Durango). '

Farmington, nearest station, is at the northern edge of the project
and 50 miles from the outer portions. :

Irrigation plan.—Diversion is anticipated on the San Juan River
about 10 miles below the mouth of Pine River. The main canal
will traverse steep, rocky hillsides for 35 miles and then emerge in
the Chaco Canyon drainage area, which is a vast basin of mesa land
with prominent drainage channels and eroded slopes. This area con-
tracts at the Carrizo Mountains, on the Arizona State line, which
forms the logical end of the project. The main canal to this point
would be about 300 miles long. As an alternative the project might
be developed only to include %ands east of Chaco Canyon, the irriga-
ble area then being possibly 125,000 acres and length of main canal
135 miles. The main canal with either development would cross
much very difficult country, and the first 35 miles would be espe-
cially difficult. No instrumental surveys have been made for canal
lines, and the rough reconnaissance observations made by various
-engineers agree on the costly construction and on not more than 50
per cent of lands covered being irrigable.

Duty of water—With long main canals and a long dry growing
season, a diversion of 3.5 acre-feet per acre is anticipated. Consump-
tive use of 2 acre-feet is estimated, making a return flow of 1.5 acre-
feet per acre. :

ater supply.—Discharge records are available as follows:

N Recorded stream flow.
Year. Period. Discharge. | Station.
Acre-feet.
1008 | JUNE 6 £0 DC. Bl . .o veennnnreeinneeeaneaenanaeeeanneeenneeaannaeaannann 1,080,000 | Turley.
1909 | January to November........ccveeveanaannnn 1,150,000 Do.
1910 | January to December........cccccvenueennnn 11,170,000 | Bloomfield.
1911 | January 15 to September 1, 810, 000

1 Partially estimated.

From 1913 to 1917, inclusive, discharge was measured at Farming-
ton. Deducting the Animas River discharge from Farmington record
gives an average of 1,400,000, which is comparable to the Bloomfield
station, both including erratic unknown run-off from Largo Canyon.

The average annual run-off at the diversion site is estimated at
1,400,000 acre-feet, or just equal to the demand for 400,000 acres
after deducting for consumptive use of additional areas on the head-
waters to the extent of 26,000 acres at the rate of 1 acre-foot per acre
on the Navajo and Piedra rivers and 50,000 acres at 1.25 acre-feet
_ per acre on the Pine River. No account need be taken of present

or future acreaﬂlge below the point of diversion, as return flow from
this project will fully supply them. .

If 1914 be taken as an average year, storage requirements for proj-

ects of 125,000 acres and 400,000 acres would be as follows:
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Water supply and irrigation requirements.

[Acre-feet.]
Irrigation demand. Demand on storage for—
Stream Acre-feet for—
Month. fAow. Acre
feet per 125,000 400,000
acre. 125,000 400,000 acres. acres.
acres. acres.
April............ 0.20 25,000 80,000 |.....ooenea|enneancaaaas
May.. ...l .70 88,000 280,000 |............ 14, 000
June. 1.00 125, 000 400,000 |............ 108, 000
July .80 109, 000 320,000 |............ 212, 000
August. .60 75,000 ,000 [............ 153, 000
September............... .20 25, 000 80,000 | ..ooeunnnn- 5,000
October...........ocoooiiiii 363,000 [...eeeeeseeeeaees] e e eaaas
Total......oooooii.. .. 3.50 438,000 | 1,400,000 |...........- 492,000

A project up to 125,000 acres could apparently operate without
storage and encounter no shortages except in subnormal years, when
shortages would occur but not severe enough to warrant reduction
in acreage. For a project of 400,000 acres at least 1,000,000 acre-feet.
of storage would ge necessary to avert frequent shortages. The-
hold-over capacity of 500,000 acre-feet as compared to demands in .
an average year would obviate shortages in most years. In a period
of low run-off like 1900-1904, shortages would occur due to lack of’
supgly in the river but their elimination by means of storage would
probably not be feasible.

Storage.—The Turley reservoir site at the diversion is estimated to-
have a capacity of 1,100,000 acre-feet. It would undoubtedly be an
expensive reservoir. Other reservoirs above the diversion which.
might be used in whole or in part for this project are as follows:

Stream. Site. Capacity.

1Capacity unknown.

Conclusion.—This project from present highly preliminary data:
and plans will be very costly, and from this standpoint may not.
develop for many years, although the water supply is sufficient..
Owing to the probable marked difference in total construction cost.
of a project of 125,000 acres without storage limited to the easterly
side of Canon Chaco and one of 400,000 acres involving large storage,.
the former has been placed in class B and the balance of the project.
in class C.

MANCOS RIVER AND M'ELMO CREEK.

There are no definite projects on this stream, but present water-
supply, augmented with a small amount of return flow from the

ontezuma project, is expected to be spread over a larger acreage
than at present, resulting in an increase in irrigated area of 10,000
acres. ’lPhe additional water used consumptive%y will probably not
exceed 1 acre-foot per acre.
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MISCELLANEOUS PROJECTS IN UPPER BASIN.
PRICE RIVER PROJECT, UTAH.

Acreage—gross, 40,000; net, 30,000; irrigated now, 10,000.

Precipitation, annual average, 12 inches.

Precipitation, irrigation season, 4 inches.

Temperature, annual average, 50°.

Between frosts (summer), 150 days.

Elevation, 5,500 feet.

Transportation, Denver & Rio Grande Railroad.

Irrigation plan.—New lands lying east of Price River in townships
14 a.né7 15 south, ranges 10, 11, and 12 east, containing 20,000 acres
net out of gross of 30,000, are to be irrigated by diversion near the
town of Castle Gate; thence following the river closely for about 12
miles the canal reaches the irrigable land. Lands in the vicinity of
Price and Wellington, lying on both sides of the river, are now irri-
gated but lack a late season supply which can be furnished if the
project is built.

Lands.—The lands lie in a series of benches and alluvial slopes
and are naturally well drained.

Crops.—The crops are grain, alfalfa, garden truck, and fruit.

Duty of water.

[Acre-feet.}

For 30,000

Per acre. acres.

=
—
o

glgesss .

CEEEH
BEER

s
y
J
d
>

3.00 90,

Water supply.—Price River discharge at town of Helper, 1905-
1920, average:

Acre-feet.

‘October to April (partially storable)......... .. .. ... ... ... 39, 500
. 41, 000
1 22, 000
B L 7, 600
AUGUBE . ..o eeeieiieniiaaas 4,700
September. ... ... i i iiiiieecaciaecaeaaaaann 4,200
TOBL. < e e e e e e e e e e e e e e e e e e e 119, 000

Storage.—In an average year storage is needed after June 10, and
the quantity in such a year is 40,000 acre-feet. To provide hold over
for a dry year 80,000 acre-feet are required.

Reservour.—A site exists near Schofield, on Fish Creek, with capacity
of 175,000 acre-feet, with water raised not more than 90 feet. Dis-
charge tributary to reservoir has been measured for three years,
1918-1920. The average for these years is 52,000 acre-feet, but by
comparison with Price River discharge during 16 years the average
run-off is estimated to be 68,000 acre-feet. From June to Septem-

93715—S. Doc. 142, 67-2——14
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ber, inclusive, no water could be stored, leaving an annual storable
run-off estimated at 50,000 acre-feet, which is more than sufficient to
supply the 3 acre-feet per acre demand for the 30,000 acres of land.
Denver & Rio Grande branch railroad runs through the site.

DIXIE PROJECT, UTAH.

Acreage, gross, 50,000; net, 35,000 acres.

Precipitation, annual average, 9 inches:

Precipitation, in growing season, 6 inches.

Temperature, annual average, 60°.

Elevation, 2,500 to 3,350 feet.

Between frosts (summer), 175 days.
~ Transportation, 90-mile haul to Lund, Utah, on Salt Lake Railroad.

Irrigation season, March to October, inclusive, 8 months.

Duty of water, 4 feet at diversion.
Irm’gation plan.—Diversion from Virgin River at a point 14 miles
east of Virgin City; thence by tunnel 3§ miles long to irrigable lands,
which all lie south of the river.

Duty of water.
{Acre-feet.]

Per 35,000 Per 35,000

acre. acres. acre. acres.
0.30 0.60 21,000
.50 .50 17, 500
.50 .30 10, 500

.65

.65 4.00 140, 000

Water supply, average discharge, Virgin River at Virgin City, 1910 to 1918.

November to February (i

208 000

Present rights require 50,000 acre-feet, leaving 158,000 for a new
project. ,

Storage.—Sixty-five thousand acre-feet are required in the average
ﬁear and for complete holdover for a low year 130,000 acre-feet.

othing is known of available reservoir sites but there are said to
be several possible ones. :

LITTLE COLORADO PROJECT.

Irrigable lands, gross, 93,000 acres; net, 60,000 acres.
Precipitation, mean annual, 6 inches.

Precipitation, in growing season, 4 inches.
Temperature, mean annual, 54°.
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" Between frosts (summer), 150 days.

Elevation, 5,000 feet.

Transportation, Santa Fe Railroad.

Irrigation season, April to September, inclusive, 6 months.

Duty of water, 4 feet at diversion.
. Water supply, Little Colorado River. v

Irrigation plan.'—Diversion from the Little Colorado River to the
north side in the northwest corner of township 17 north, range 20
east. Diversion again to north side in southeast corner township
21 north, range 15 east, about 35 miles down the river. Diversion to
south side at same point as the latter north side diversion. Diver-
sion to south side and to Tucker Flats reservoir about midway be-
tween the above two diversions. Use of Tucker Flats and Forks
reservoirs. ' B

Lands.—The irrigable lands lie largely in the bottoms and are
easily reached and lie well for irrigation. Diversion from the river
1s possible at almost any point.

Water supply.—Gaging stations have been maintained as follows:

Stream flow records.

Averast:
annual dis-
Station. Stream. Period. charge dur-
in‘g period
of record.
!
Holbrook....... Little Colorado........ ! March, 1905, to April, 1807. .. ... ................ 170, 000
Woodruff.......l..... do.....ooiiiiiain | March and April, 1905; August, 1905, to April, 1907; 95,000
all 1917; parts of 1918 and 1919.
Winslow....... Chevlon Creek........ | January, 1906, to December, 1907; January, 1916, ,
i to December, 1920.

q A(lil streams flow very erratically and are subject to short, flashy
oods.
’ Reservoirs.—For control of these floods reservoir sites have been
surveyed as follows:

Reservoir sites.

Site. Stream. | Height | ;o0 | Capacity.

Feet. Acres. Acr%ect.
109, 000

Little Colorado.................... 100 3,160 .
R N (R 85 5,020 148, 000
.| La Roux wash... 35 3,730 54, 000
Sidestream....................... 50 3,850 118, 000
Inland from Chevlon Creek....... ..........l..ccoeeaes 90, 000

The reservoirs listed were planned to be filled as follows:

La Roux, feeder from Rio Puerco.

Tucker Flats, feeder from Little Colorado.

Apache, feeder from Chevlon Creek.

Forks and Woodruff are directly on the Little Colorado.

La Roux site may be eliminated; because of its small capacity it
would be soon filled with silt brought down by the La Roux wash.

1 This is only one of many possible plans,
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The Woodruff site on the Little Colorado embraces the town of
Woodruff, which would be submerged if the reservoir were built. As
it is immediately below the Forks site, which is better and which
will control the river, it also may be eliminated.

Tucker Flats reservoir site will give opportunity to store the
winter discharge of the Puerco, which otherwise would be lost with
the elimination of the La Roux.

All reservoir sites will eventually fill with silt.

Water supply.—May total about 200,000 acre-feet annually, judging
from the meager records, and about 400,000 acre-feet of reservoir
capacity is available to control it. About 1,200 acres are irrigated
now, which have prior draft on the water supply.

Some pumping from ground water is now l?emg done, and it may
be possible to extend this, but water-bearing strata do not exist in
large parts of the valley. From the meager data it is difficult to
estimate ultimate irrigation, but for this report it is assumed to be
40,000 acres in addition to the present.

GREEN RIVER PROJECT, UTAH.

Area, gross, 240,000 acres; net, assumed 150,000 acres.

Temperature, mean annual, 52°.

Precipitation, mean annual, 9 inches; irrigation season, 5 inches.

Elevation, 4,000 to 4,600 feet.

Transportation, Denver and Rio Grande Railroad.

Between frosts (summer), 180 days.

Project is covered by Utah Carey Act segregation No. 10 by Green
River Canal Co. This company has relinquished its rights and
the project is now being investigated by the Reclamation Service.

Irrigation plan.—As proposed by the company, diversion dam 230
feet high on Green River just below mouth of Coal Creek. Outlet
at 200 foot level giving 102,000 acre-feet of storage. Main canal to
follow west side of the cangon 13 miles through difficult construc-
tion, requiring ditch lining, four tunnels, and a double 8-foot siphon
across Price River. Below this are required 100 miles of main
carriage canals and a siphon across Green River.

Irrigable lands lie on both sides of Green River, with the larger
part on the west side. The land lies in uniform slopes, and some
artificial drainage will be required. Soil ranges from sandy loam
to adobe. Large differences of opinion exist as to the amount
of irrigable land, estimates ranging from 45,000 up. '

Consumptive use of water is estimated to be 2 feet in depth on
irrigated land.

Duty of water.

[Acre-feet.]
l 150,000 150,000
1 Per acre. actes. Per acre. acr'ps N
0.20! 30,000 | September.................... 0.50 | 75,000

.40 60,000 || October. ......ocecueeuaiannn. .30 45, 000
.80 | 120,000
.90 135, 000 4.00 | 600, 000
.90 | 135,000
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Water supply.

Storage

Average Lowest uired

year. | year,1919. | [od yeat.
ADLLL Lo D 474,000 | ...
S 2P OSSR 916,000 |.........oo.
JUDB. o ettt ittt et aieeaeecaaaeaaeaiaaaaaan. 000 ]............
July....... 108, 000 35,000
August.... .. 74,000 61, 000
BOPtOmMber. . ... .o iiiiiiiaeiiiieeiieeeneecaeeaaaaaan 107,000 |............

Storage to be provided in the plan is therefore sufficient for
the lowest year of record. Development of irrigation above will
increase the amount of storage necessary, but if reservoirs above are
developed for power also, it 18 probable no storage will ultimately be
nécessary for irrigation.

DIVERSIONS OUT OF COLORADO RIVER BASIN.

The first recorded diversion from the Colorado Basin was made in
1879 from Strawberry River to lands in Provo Basin, Utah. The
following table summarizes development up to the present and also
proposed plans on which considerable sums have been spent in
engjneering investigation:

Transmountain diversions from (‘olorado Basin.

[Average annual acre-feet.]

1 No recent data available. Taken from Wa&er Supply Paper No. 395, E. C. LaRue. Estimate of prob-

able future with improvements now completed.
2 Estimates made by R. I. Meeker, special deputy State engineer, Colorado.

In addition to those in the above table, a diversion from the
Duchesne to the Provo has been proposed (shown on Map of Uinta
Basin), but is not here consideredp because believed infeasible on ac-
count of small yield due to prior users below on the Duchesne River.
Also from tributaries on the Grand River it is doubtless possible, by



174 - PROBLEMS OF IMPERIAL VALLEY AND VICINITY, .

means of longer tunnels than yet seriously considered, to intercept a
large run-off from a comparatively low altitude.

1l diversions present and proposed are in Colorado (see map fol-
lowing) or in Utah. None of any considerable size in other parts of
the watershed is likely to be proposed because of local conditions,
which practically prohibit sucﬁ enterprises.

In Wyoming the climate of the territory surrounding Green River
Basin, especially the northern })art, makes it impossible to make the
large expenditures per unit of yield necessary for any noteworthy
transmountain diversion. Farther south, in oming, on the east,

_ the Continental Divide is low, precipitation small, and stream run-off
erratic, while the flat divide would make necessary so long a diversion
ditch as to be out of the question. On the west in the southern part,
if diversion is practical, yet use of the water in Green River Basin
itself would be better. At about the Colorado State line the Conti-
nental Divide rises from the low plateau in Wyoming abruptly to the
crests of the lofty Gores Range. The Yampa River rises on the
western slope of these. To the east is what is called North Park at
the headwaters of the North Platte River. The streams into the
park have heavy run-off, the valley floor all lies above 8,000 feet, and
the rigorous climate is not favorable to large expenditure for water.

South of this the headwaters of the Grand make a large bay in
the outline of Colorado Basin, extending well to the east. The run-
off from the high mountains is very heavy and to the east of the
northern part lie Denver and the fertile South Platte Valley. This
valley has a favorable climate and large areas of good land easily
reached by canals, far in excess of what can be sup]f)lied from local
sources which are now quite intensively although not fully developed.
Denver also must look for a water supply within a few years to sources
outside the South Platte or purchase South Platte water now used
on agricultural land in the vicinity, thereby losing one of its assets.
(From statement of W. F. R. Mills, manager of the board of water
commissioners of Denver, Colo.) Of the diversions listed in the
preceding table those from the Fraser, Williams, and Blue rivers,
aggregating 260,000 acre-feet annually, are proposed by the city of
Denver in accordance with a plan somewhat similar in its economic
features to that undertaken and put through by the city of Los
Angeles, when Owens River water was diverted for use of that city
and also for irrigation of adjacent land.

South of the South Platte conditions in the Arkansas Valley are
similar, and while it may be that fewer opportunities for diversion
exist one which will divert 40,000 acre-feet annually from the Eagle
is proposed.

n the Colorado Basin the Gunnison, which is the main tributary
of the Grand and lies to the south of the main stem, is contiguous on
the east to the Arkansas River headwaters and also to the Rio Grande.
No plans are known to divert this water to the Arkansas, but to the
Saguache, a tributary of the Rio Grande, one diversion has been con-
structed from Cochetopa Creek. (Ranges 1 and 2 east, townships 43
and 44 north.) The first irrigable land on the Rio Grande is the San
Luis Valley. Although the irrigable acreage in this valley is large,
it is probable that local run-off will take care of it, and no pressure
of need for water exists as in the South Platte and Arkansas valleys.



PROBLEMS OF IMPERIAL VALLEY AND VICINITY. 175

South of the Gunnison lie the headwaters of the San Jyan, with
a lar(g‘e but comparatively early run-off. To the east lies the Rio
Grande, but no diversions have been proposed from it, nor is an
such diversion believed feasible because of the extraordinary difhi-
culties which will be encountered in getting water from the deep
canyons of the San Juan. Moreover, the expense of reaching large
areas of irrigable land along the Rio Grande from the Rio Grande
River is almost prohibitive m itself.

South from the San Juan, the Continental Divide is low and flat,
precipitation is small, and stream discharge so erratic that trans-
mountain diversions are not likely to be successful.

On the west side of the Colorado Basin and in that portién of the
divide between the Great Basin and the Colorado, which lies south
of the Uinta Mountains, there are no areas of large precipitation
such as are found on the eastern margin of the basin. lgevertheless,
in the valleys of the Great Basin in Utah returns from irrigation
are large and the divide offers no such obstacles to diversion as are
found on the more precipitous and colder slopes of the Continental
Divide. Hence some diversions have been made and as there has
been opportunity to construct reservoirs on the Colorado Basin
side, which go far to make such projects a success, the present diver-
sion exceeds that to the east on the opposite side of the basin. How-
ever, it is believed that little opportunity exists for diversions addi-
tional to those now operating.

In general, transmountain diversions to the east from the Grand
River have been expensive and disappointing on their yield, but
when large enough to warrant close observation and maintenance
are quite successful. -

No reservoir sites are known on the headwaters of the Grand,
such as have made the Reclamation Service diversion from Straw-
berry River to Spanish Fork so successful in Utah, and such as have
been constructed for diversion from the Virgin River in Utah.
(Located in secs. 19 and 20, T. 38 S., R. 14 W., Utah.) It is
believed, however, by engineers conversant with the situation that
although the expense of constructing the diversions proposed as
noted 1 the table will be heavy per unit of yield, yet, because their
size will justify adequate maintenance, they can be successfully
operated.

In this report, only those listed are considered in water supply
computations since data are not available concerning other projects
which may have been proposed.

On the following pages, tabular descriptions of existing and pro-
posed diversions are given. It will be observed that proposed diver-
sions from the Grand contemplate expensive tunnels and average
1,000 feet lower than operating diversions, thereby giving muec
greater water opportunity.
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ArpPENDIX E.

POWER.

For convenience, this is discussed under two heads.

(1) Power sites, both constructed and possible, which are on the-
headwaters of the main tributaries or on the minor feeders of the-
main tributaries. This may be characterized as intrastate power and’
to date the only existing installations are in such locations.

(2) Power sites which are in the canyon and plateau region of
the upper basin on the main tributaries and on the Colorado itself,
in both upper and lower basins. No installations have been made-
in this region. This may be characterized as interstate power.

POWER ON TRIBUTARIES.

On the small tributaries of the streams in the upper basin the:
steep slopes are favorable to diversion of water for power. It is.
possible that many sites exist concerning which no knowledge is-
available. For the purpose of this report, power in these locations
is of little importance. At the close of this appendix is a list of:
existing installations and known undeveloped sites.

POWER ON MAIN TRIBUTARIES AND COLORADO RIVER.

After leaving the mountains all streams enter the great central’
plateau and canyon region where diversion for irrigation is impos-
sible except at one point (proposed Green River project, Utah) and
even there it is extremely difficult. In this region the flat grade of
the rivers gives opportunity for immense reservoirs. The narrow
canyons are favorable to the construction, where foundations justify,
of high dams behind which the discharge can be stored and its annual
as well as seasonal irregularities smoothed out.

* This opportunity exists on every major tributary except the
“Duchesne. On the White, however, exploration of dam founda-
tions has not been made. On the Grand the size of the reservoir
is limited by location of the Denver & Rio Grande Railroad, and on
the San Juan the large amount of silt carried probably makes such
a reservoir not worth while because of short life. Foundation at
dam site on this river has not been explored. The main Colorado
also flows in a succession of canyons where high dams can controk
the flow and where huge reservoir sites are found.

It is the potential power below these reservoirs that must be:
investigated in connection with a proposal to use them for Imperiak
Valley irrigation storage. Different requirements for discharge gen-
erally but not always makes the use of a reservoir for irrigatiom:
incompatible with use for commercial power to the fullest possible-
extent.
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For this report, therefore, an estimate is.necessary of the potential
power not only on the Colorado River but also below the large reser-
voir sites on the tributaries, which Jatter are also below most irri-
gation possibilities on the respective tribuitaries. Power possibilities
above may be neglected.

In the following an estimate is made of the potential power assum-
ing that the total fall can be utilized. However, it is known that
the total fall of the stream can not be utilized although conditions
are favorable on the Colorado and its tributaries. Some head will
be lost in creating storaFe to equate the stream; it will always be
necessary to lose a small amount at the.tailrace of power plants;
dam sites may not exist at the proper places or it may not be possible
to build as high dams as necessary at the sites which can be used.
Railroads may be located at such points as to prohibit raising the
water surface behind good dam sites. A multitude of circumstances
may interfere, but in the present state of knowledge no other basis
for comparable estimates appears.

The proper height of dam at any of the known locations has not
receiveg study from this standpoint, and it may be found that, for
the purgose of creating head alone, higher dams than at present
proposed are economically feasible.

As to stream discharge no account is taken of loss by evaporation
from reservoir surface, the total of which would be large if all sites
are built.

GREEN RIVER.

The major upper site on the Green River is the Flaming Gorge of
4,000,000 acre-feet capacity. Below this the main tributaries are
the Yampa and White from the east and the Duchesne from the
west. Below the Duchesne, the Price and San Rafael also enter
from the west but are of no importance to power because of small
discharge. .

For convenience the basin is taken up by sections, and tributaries
are discussed first. ,

Calculated power is horsepower at turbines based on 88 per cent
efficiency.

YAMPA RTVER.

Juniper reservoir site to mouth of Little Snake.

[Juniper reservoir site (13) is the controlling reservoir.)

Juniper reservoir site, capacity. ............ ... .oLiL. acre-feet. . 1, 800, 000
Present average annual discharge..........................ooLL do.... 1,300,000
Estimated ultimate after irrigation develops above................. do.... 1,140,000
Storage capacity to equatestream.... ... ... ... ... ... ... ... do.... 1,550,000
Raise in water surface for 1,800,000 acre-foot capacity................ feet. . 240
Head below 1,550,000 acre-foot storage..........c...ccocuiieenaann.. do.... 150
Equated discharge:
Present.. ... .. ... 1, 800
Ultimate........ 1,600
Elevation of outlets. 6, 090
Elevation at mouth of Little Snake, about. 5, 850
Total fall...................o...o.... 240
Distance........ ... it 25
Potential horsepower at dam site:
(1 27,000
L8 351 1T 7R 24, 000
Potential horsepower in section:
S R 43,200
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Mouth of Little Snake to mouth of Yampa.

[Control by Juniper reservoir on Yampa and possible reservoir on Little Snake, or on Yampa below
mouth of Little Snake.}

Present averagé annual discharge. TP acre-feet. . 1,880, 000
Estimated ultimate after irrigation develops above...............do.... 1,560,000
Equated discharge:

Present................... et etetaeeeeeenaaaaan second-feet.. 2,600
Ultimate. « o o oee ettt ettt do.... 2,180
Elevation at mouth of Little Snake about. ........................ feet. . 5, 850
Elevation at mouth of Yampa..................... 4,980
Totalfall................... 870
J0 1 T S 45
Potential horsepower:
Present. . e 226, 000
011501173 NI 190, 000
WHITE RIVER.
Rangely reservoir site to mouth.
[Rangely reservoir site (17) is the controling reservoir.]
Rangely reservoir site, capacity............................ acre-feet.. 900, 000
Present average annual discharge. ......... .. .. .. .. ... do.... 550,000
Estimated ultimate after irrigationabove. ... ... ... ... .. ..... do.... 360,000
Storage capacity to equatestream. ... ... .......................do.... 330,000
Raise in water surface for 900,000 acre-foot capacity...............feet.. 200
Head below 330,000 acre-foot storage. .............cociveeannenen. do.... 160
Equated discharge:
Present. .. ... i second-feet. . 760
Ultimate. - - - oee ittt do.... 500
Elevationof outlets........... ... ... ... ... feet 4,960
Elevation at mouth of river. . . . .. ... ... ... ... ... ... ....... do. ,640
Total fall. ..ottt aiaaaaaaan do...: 320
F 0TS0 T miles 70
Potential horsepower at dam site:
=T 1 Y 12,200
L8151 13 I 8, 000
Potential horsepower in section:
1<) L 24, 300
Ultimate. ..o oot iaeeeeaeaeaaeaan 16, 000
MAIN STREAM OF GREEN RIVER.
Flaming Gorge reservoir site to mouth of Yampa.
[Flaming Gorgeis the controling reservoir.]
Flaming Gorge reservoir site (9) capacity....................acre-feet.. 4,000, 000
Present average annual discharge. ............... .. ... do.... 1,920,000
Estimated ultimate after irrigation development above...........do.... 1,120, 000
Storage capacity to equatestream.............. ... .. .......... do.... 1,000, 000
Raise in water surface for 4,000,000 acre-foot capacity.............. feet. . 240
Head below 3,000,000 acre-foot capacity..................... wo...do.... 210
Equated discharge: :
Present..... ................... e second-feet . . 2, 700
Future. ... ..o do.... 1, 600
Elevation of outlets. . . ... .. .. .. . .. .. ... ...i........ feet.. 6, 035
Elevation at Yampa mouth........... .. ... ... ... ... ... ..... do.... 4,980
Total fall. ... do. ... 1, 055
DistanCe. ..o i miles 80
Potential horsepower at dam site: -
Present. . ... eeeaiean 56, 700
Ulmate. e ettt ettt 33, 600
Potential horsepower between outlets and mouth of Yampa:
Present. ... . ... ... il et 285, 000
Umate. - ee ettt ettt eeiaeieeiiaaeaaaaan 169, 000
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Mouth of Yampa to mouth of White and Duchesne.
[Control by Flaming Gorge and Juniper reservoir sites.]
Present average annual discharge:

Below mouth of Yampa. ......oooiiiiiiiiiiiiiiiiiana.. acre-feet. . 3,800, 000
Above mouth of Duchesne. ...l do.... 4,600,000
Aven:ﬁe ................................................... do.... 4,200,000
Estimated ultimate after irrigation develops above...............do.... 3,100,000
Equated discharge:
Present. ... ..ot second-feet. . 5, 800
UHmate. ..o vttt o.... 4,300
Elevation at Yampamouth............ ...l feet. . 4,980
Elevation at Duchesnemouth......... ...l do.... 4,645
Fallinriver. . .. ..ttt do.... 336
107178 U T miles. . 90
Potential horsepower:
18 194, 000
Future. . oo et 144, 000
Mouth of Duchesne to mouth of Green River.
Present average annual discharge...........................acre-feet.. 5,590,000
Estimated future after irrigation development above............... do.... 3,890,000
Stream probably not entirely equated because Duchesne River un-
controlled....... ..o
Equated discharge: ’
Present.......coooiiiiii second-feet. . 7, 800
Future. .. ..ottt iie ettt cieea i o.... 5,400
Elevation at Duchesne mouth....... ....feet.. 4,645
Elevation at mouth of Green River................................ do.... 3,875
Total fall. ... e do.... 770
Distance..........coco... L e ettt miles. . 240
Potential horsepower:
Present........ 601, 000
L8087 Y 416, 000

GRAND RIVER.

Dewey - reservoir site to mouth.—Dewey reservoir would be the
control. About 4,000,000 to 4,500,000 acre-foot capacity is neces-
sary to equate the stream, but location of the Denver & Rio Grande
Railroad limits capacity to 2,270,000 acre-feet.

Possible plan for power.

Present average annual discharge................ ... ... acre-feet.. 6,670,000
Estimated ultimate after irrigation develops above.................do.... 5,590,000
Raise in water surface for 2,270,000 acre-foot capacity...............feet.. 215
Reserve for stream control, 8torage. ......cccceeeviieiianaaaa.. acre-feet. . 1,500, 000
Head below 1,500,000 acre-feet.........ouueeneeiaraannnaennannns feet. . 150
Equated discharge, entire flow...............cccoii ... second-feet . . 7,750

Continuous discharge possible with 1,500,000 storage both present and ulti-
11T - TN second-feet. . 6, 000
——————
Elevation of outlets.......coeeeeiioiiniiininiiieiiiaieiaeanaannn feet. . 4, 225
Elevation at mouth of Grand.......cccoceiieii ol udoL. .. 3,876
Total fall. ..ot do.... 350
B 051175 TR miles. 125

Potential horsepower:

At dam SIte. .ottt aeaaaas 90, 000
B8 (T2 10« 210, 000

93715—S. Doc. 142, 67-2——15
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COLORADO RIVER.

From junction Green-Grand to San Juan.

{Assumed control by reservoir at junction.]

Present average annual discharge......................... .. acre-feet.. 12, 260, 000
Estimated ultimate after irrigation development above............do.... 9,480,000
Equated discharge:
Present. ... .o second-feet. . 17, 000
L0 8 1 7Y do.... 13, 000
Elevation at junction........ceeeeiiiiioin it feet. . 3,875
Elevation at San Juan, about...... ... ... .. ... .. ... ... ....... do.... 3,475
Total fall. ..o do.... 400
D T:1 75 1 L miles 200
Potential horsepower:
Present............. et eeetaeateaaececaaececeeeataaeaaaaaaaann 680, 000
L3 173117 7 520, 000

From San Juan mouth to high water proposed Boulder Canyon reservoir.

Present discharge at mouth of San Juan...................... acre-feet.. 14, 960,000
Present discharge at Boulder Canyon............................. do.... 15,700,000
Average forsection..............oo. . iiiiiiiiiiiiiiats do.... 15,400,000

Estimated ultimate after irrigation above........................do._.. 11,200,000
Equated flow:

Present......cooo i second-feet. . 21, 000

8115 1T S do.... 15,500

Elevation at mouth of San JUAD. ......oviuiinenneienee ... feet.. 3,475

- Elevation water surface Boulder Canyon reservoir............ ....do.... 1,275

Total fall ... oot do.... 2,200

0517 1T YN miles. . - 325
Potential horsepower: - R

L3 £ L 4, 620, 000

8 1141 TR 3, 410, 000

Because of necessity for preserving the Grand Canyon National
Park from industrial invasion, probably only half the potential
power in this section is actually realizable.

From Boulder Canyon to mouth of Colorado.—At Boulder Canyon
the Colorado River begins to emerge from the deep canyons which
have confined it up to that point. Dam sites are not frequent
below Boulder Canyon nor can high dams be built because of shallow
canﬁons. The river grade is flat and irrigable lands and towns
might be submerged by reservoirs.

suming a part of the head at Boulder Canyon to be used for

regulation, there are three power sites as follows:
: Head.

Boulder Canyon. . 320
Bulls Head...... .. 155
Williams Fork. .. ..o i ... 75
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Irrigable lands between Boulder Canyon and Williams Fork will
affect to some extent the equation of the flow, as will also the demands
for Imperial Valley. Neglecting these, however, the items used in
other sections of the river are as follows:

Present average annual discharge............ et acre-feet. . 15,700, 000
Estimated ultimate after irrigation above.......... et do.... 11,700,000
Equated flow: .
Present............ ...l second-feet. . 22,000
Ultimate. ..o do.... 16, 000
Totalhead ... feet.. 550

Potential horsepower: .
Present...........ooooiii 1, 210, 000
0 81T 7 PR 880, 000

Summary of potential power in canyon region.
‘ Potentialhorsepower
1‘ Second-feet at turbines, contin-
equated flow. Total uous output 88 per
From— ! To— Miles. (guﬂ. cent efficiency.
Pres- | Ulti- Ulti-
ent. | mate. Present. | pate.
GREEN RIVER BASIN.
, 000
144, 000
416, 000
%1% %0
el
210,000
SAN JUAN BASIN.
[Possibilities not attrac-
ive.]
COLORADO RIVER.

Juactlo:‘l of Green and | SanJuan............. 17,000 | 13,000 200 400 680, 000 520, 000

rand.

SanjJuan................ High water, Boulder | 21,000 | 15,500 325 | 2,200 | 4,620,000 | 3,410,000

anyon reservoir.

Boulder Canyon.........| Gulf. eeen...] 22,000 | 16,000 | 450 | 550 | 1,210,000 | 880,000
TOtal. . oeenenneenfoeieeeeeanl SRR IOV R eecieen [ 6,510,000 | 4, 810,000
Grand total, Colo- [......eeiiiiciiieniiiiliniinnnnfonnnaiiiiiiiionis 8,115,000 | 6,011, 000

rado Basin, ’

Summary of all power possibilities.
[Possible horsepower at turbines 88 per cent efficiency.)

Estimated potential
Power site
power in river. it

Present. | Ultimate. |  ties:

Green River:
< Y 244,000 45,000
White... ceen 16, 000 12,200
Main stem. 729,000 612, 000
Grand River... 210, 000 90, 000
Colorado River 4,810,000 | 5,985,000
7Y N 8,113,000 | 6,009,000 | 6,744,000
) 100 74 83

1 Based on heads at sites applied for to Federal Power Commission or known by surveys or taken
from Water-Supply Paper No. 395, by E. C. La Rue. Discharge as at present.
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Power sites, Colorado River Basin below Flaming Gorge, Juniper, Rangely, and
Kremmling.!

1 Omitting the Grand Canyon region,
* From reclamation data.
3 Head is from agplieation before Power Commission. Power created is from multiplying thishead by
estimate of available flow made for this report and is not the power given in application
E. C. La Rue, Water-Supply Paper No. 395, as to head; discharge is from analysis made for this

“?
Head and discharge from E. C. La Rue, Water-Supply Paper No. 395
¢ Based on assumption of regulation of flow by storalg Zbovmese sites.
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List of power applications, Colorado River Basin,' to Jan. 1, 1922.

Horsepower.

No. Name of applicant. Pr Estimated Stream and State.

-

90
(otlc)ﬁ'n?? capacity.

30 Belckman & Linden Engineering Corpora- 115,200 200,000 | Colorado River, Ariz.

59 | Edward L. Beyard i 1,400,000 | 1,800,000 Do.
90 | Frank G. Baum.. cees . 9,400 15,000 Little Colorado River, Ariz.
do 5,560 7,000 | Black River, Ariz.
111 | Southern California Edi ,000 | 3,300,000 | Colorado River Ariz.
3113 | Great Basin Power Co. , 950 10,000 North Fork Duchesne River,
000

3121 James B. Girand. ................ 60, 120, 000 Colomdo Rlver, Ariz.
P T Transmission line, Arizona.

158 | Utah Light & Power Co.2............. .. 80, 000 100,000 | Green River, Utah.
163 | James F. Myser and Edward E. Drach.. 50,000 | 100,000 | Frying P mizver,Colo
165 | Utah Power & Li ht Co ................. i 78, 500 125,000 | Green River, Utah.

3190 | Uinta Power & LightCo................. 2,425 2,425 P({l:&geek and Ulnta River,
202 | Green Rlver Power Cot........cuennnnn.. 911,600 | 1,200,000 | Green River, Utah,

3203 | Thos. P. Mitchell .. . .. Transmission line, "Colorado.
g(l) Ja.mes B. Girand .. e .. 30, Colomdo River, Ariz,

236 'i!'l'u'e Mountain Irrigation Co - Poleuoc%nty;(gl, near Monti-
238 | City of Los Angeles?®......... Colorado River, Ariz.

240 | Stene Consolidated Oo Bill Williams Bi iver, Ariz.
258 | Southern California E Colorado River, Ariz.-Nev.
263 | William J. Barker.............. : Grand River, Colo.

285 | Guy P.Mohler2............ccooeeuiennnnn. Colorado River Ariz.-Nev.

See pp. 177-192, First Annual Report of Federal Power Commission.
In conflict with other a; %plications listed.
Favorable action taken by Federal Power Commission.

- -

Undeveloped power sites on tributaries of Colorado River above main regulating reser-
voirs.

[Compiled from data contained in Water Supply Paper No.395 by E.C.La Rue.]
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Power plants on tributaries of Colorado River above m ain regulating reservoirs.
[Compfled from data contained in Water Supply Paper No. 395, by E. C. La Rue.]

1 Two plants.
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ArPENDIX F.

PROFILES OF DAM SITES AND RESERVOIR CAPACITY CURVES.
Plates XXXVI to XLVIII, inclusive.

ALL-AMERICAN CANAL PLANS.

Plates XLIX to LII, inclusive.
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SENTINEL RESERVOIR, GILA RIVER, ARIZONA.

Capacity Table.

Raise in water surface: Acre-fest.
B (- 16, 500
L5 - N 170, 000
T - PR 560, 000
B Y 1, 200, 000
125 86 ce e e e e o e e et 2, 000, 000
150 £00tce - - - o ool 3, 200, 000

Construction of this reservoir has been proposed to 2,200,000
acre-feet for flood control.

188
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Reservoir sites, Green River Basin, Wyoming.

ArPENDIX G.

RESERVOIR SITES, CONSTRUCTED RESERVOIRS, PRECIPITA-
TION RECORDS, AND TEMPERATURE RECORDS.

Wyo-
Height
Name. Stream. Location. |Capacity. ‘gf Remarks. gl‘i.l:;
dam. num-
¢ ber.
Acrefeet.| Feet.
Boulder Lake.............| Boulder Creek. 'l‘.w:?vy. R. ,000 [....c... Permit pending.|........
Basin....corerrnnennnnnn.. Henrys Fork..| T.3 }{ﬁ;l’ll. 16| 107,000 125 | Nofilings....... eeenen
Eden No.2............... Bigand Little | T. 30 N, R.| 105000 105 | Earthdam......| 947
dﬁ' 104 W.
Upper Green River | Green River..| T. 30 N., R.
es. 108 W.
Fremont Lake... .| Pine Creek.... T.lo:gv;l., R.
Pole Creek....| T. 38 N., R.
108 W.
Hams Fork...| T. 21 N,, R.
.| New Fork..... mow.”
Fall Creek.....[{ T 34 N R-
Willow Lake............. Willow Creek, ’1‘.l 0395“1;1, R.
Patterson .... .| Black Fork... T.ul47“l;f., R.
Eden No. 1.. .| Bigand Little | T. 26 N., R.
andy. 105 W.
Middle Piney............. Middle Piney | T. 30 N., R.-
Lake. 115 W.
Reservoir No.2........... Black Fork... T.Ez %‘all} 12
Taylor....coeeienennnnnns North Piney.. T.llilwl;l.,'R.
Reservoir No. 3.......... Black Fork....| T.2N., R. 11| 4,615 50 | Reservolr in|....... .
E, Utah. Utah.
07 e North Piney..| T. 31 N., R. 4,320 24 | Constructed; 535
: 115 W. earth puddle
core.
La Barge.......cccee..... La Barge...... 'I‘.n?“l;l., R. 4,030 55 | Earthdam......| 3,246
North Piney Lake........ North Piney. .| T 31 “r;f., R.| 1,573 22|.....d0........... 1,426
Reservoir No. 1...........| Black Fork...| T. EzN.,'R. 12 857 2 | Regarvolr  fn f........
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Compiled by R.I. Meeker. Arranged in order of size. Map and data on file in State Engineer’s office. }

Reservoir sites, White River Basin, Colorado.

Reservoir sites, Uinta Basin.

PROBLEMS OF IMPERIAL VALLEY AND VICINITY.

Stream |Height
Name. Stream. Location. C? 80| “fiow o%h Remarks.
Y- |available. dam. :
Acre- Acre-
Jeet. Jeet. Feet.
Starvation........... Strawberry | 4 miles above Du- | 95,000 | 195,000 125 | Pikes Peak High-
River chesne. way thr te.
Ué’ p;r currant | Currant Creek., Near headwaters..| 50,000 |.......... 100 Wautg sugp y in-
reek. ent.

.| Lake Fork.... T'O 2&1., Rs.5and | 40,000 | 179,000 |........

Stillwater............ Rock Creek. ..| 12 mitlhes above | 39,000 | 120,000 120 | Earth dam pro-
mouth. osed.
Three Forks.......... Strawberry | Junction Avinta- | 32,000 |.......... 130 LgcatlonolD. &8.
River. quinksand Red LitR R. through
site
HadeS...ccoeeennnnnns North Forkof | T.2 N., R. 9 W., | 24,000 35, 000 120 by Great
Duchesne. at Hades Creek, Power Co.
Lower Currant t Creek.| 3 léﬁ.leskabove Red | 60,000 |.......... 170 Invesﬂgtion con-
. reek.
Brown Duck Lake..| Lake Fork....[ Headwaters, T. 2 | 2,000 |....cccccofeeeueens
: %Iv., Rs.6and 7
Tabiona  reservoir | Duchesne..... AtJunction Farm |........|eeeeeeeens 110 | Not feasible.
site. Creek.
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Reservoir sites, Gunnison and Dolores rivers.

Name. Stream. Location. Capacity. Remarks.
Gunnison River: Acre-feet.
Taylor Park.......... Taylor River.......... T.148.,R.82 W..| 150,700 | Dam 170 feet.
Fruitgrowers......... Canal to Gunnison | T.148., R.94 W.. 7,000 Enlm'gement of reser-
River. voir.
Dolores River... .| T.47N.,R.18 W.I 485,000 | Dam 187 fee
............... T.38N,,R.16 W.| 230,000 | Dam 22Meet (Junction

| Beaver Creek).
Cmal t(é ]e)eiiappointf T.43N, R.16 W.| 17,000 | Inland reservoir.

Canal to Beaver Creek.| T.43 N., R.13 W.| 63,550 Do.
Canl;lek to Naturita | T.43N.,R.14 W.| 6,915 Do.

C:
Canal to San Miguel | T.44 N, R.16 W.| 12,200 Do.
River.

Reservoir sites, San Juan Basin.

1 No record. 3 Control of river.
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Constructed reservoirs, Colorado River Basin, Colorado.
[Compiled by R. I. Meeker from records of State engineer’s office May 7, 1921.]
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Constructed reservoirs, Colorado River Basin, Colorado—Continued.

Name.

8ource of water
supply.

‘| Mud Sprin'gs'féreek

Leroux  Creek,
tributary of
North Fork
Gunnison. .

Headwaters
Forked Tongue
and Surface
Creek, tributa-

Q ries of North

Fork Gunnison.

- Headwaters
Plateau Creek,
tributary of
Grand River.

Cattle Creek.......

Tributaries of
g Fork.

East Rifle Creek. .

8econd Creek, trib-

ut: of Wil
ll:{gs Fork-

ile

tributary of
Grass Creek,
tributary of
Yampa.

e

i y

Location. smo_
oet).

14 miles northwest | 3, 000
Paonia.

13 to25 miles north | 37, 830
and northeast of
Delta.

11 milessouth and | 12,600
southwest of
Collbran.

8 miles northeast | 2,830
of Carbondale.

.................... 870

9 miles northeast | 4,000
of Rifle.

4 miles east of Pa- 130
goda.

Com-
pleted.

Filin,
Nog

6703

6624

6339 .

2190
0038
7337

126, 000

Remarks.

2 miles feeder ca-
nal.

Irrigation; 60-foot
dam.

District 54.

Nom.—lncomsloto data in files of State engineer's office show that there are over 50 small constructed

reservoirs not in

uded above. A rough estimate of the total capacity is 20,000 acre-feet which should be

added to the above figure. These figures are exclusive of storage for municipal purposes.

Precipitation records on or near irrigable lands, Colorado Basin.

1 No re cords.
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Precipitation records on or near irrigable lands, Colorado Basin—Continued.

Temperature records on or near irrigable lands, Colorado Basin.

1No records.
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Temperature records on or neqr irrigable lands, Colorado Basin—Continued.



ArppEnDIx H.

ACT OF MAY 18, 1920 (41 STAT., 600).

AN ACT To provide for an examination and report on the condition and possible
irrigation development of the Imperial Valley in California.

Be it enacted by the Senate and House of Representatives of the
United States of Xmer’ica in Congress assembled, ﬁat the Secretary
of the Interior is hereby authorized and directed to have an exami-
nation made of the Imperial Valley in the State of California, with
a view of determining the area, location, and general character of
the public and privately owned unirrigated lands in said valley
which can be irrigated at a reasonable cost, and the character,
extent, and cost of an irrigation system, or of the modification,
improvement, enlargement, and extension of the present system,
adequate and depenﬁable for the irrigation of the present irrigated
area in the said valley, and of the pu%)lic and privately owned lands
in said valley and adjacent thereto not now under irrigation which
can be irrigated at a reasonable cost from known sources of water
supply by diversion of water from the Colorado River at Laguna

am.

Sec. 2. That the said Secretary shall report to Congress not
later than the 6th day of December, 1920, the result of his exami-
nation, together with his recommendation as to the feasibility,
necessity, and advisability of the undertaking or the participation
by the United States, in a plan of irrigation development with a
view of placing under irrigation the remaining unirrigated public and
privately owned lands in said valley and adjacent thereto, in con-
nection with the modification, improvement, enlargement, and
extension of the present irrigation systems of the said valley.

Sec. 3. That the said Secretary shall report in detail as to the char-
acter and estimated cost of the plan or plans on which he may
report, and if the said plan or plans shall incl%de storage, the location,
character, and cost 01P said storage, and the effect on the irrigation
development of the other sections or localities of the storage recom-
mended and the use of the stored water in the Imperial Valley and
adjacent lands. '

EC. 4. That the said Secretary shall also report as to the ex-
tent, if any, to which, in his opinion, the United States should con-
tribute to the cost of carrying out the ¥lan or plans which he may

ropose; the approximate proportion of the total cost that should
e borne by the various irrigation districts or associations or other
public or private agencies now organized or which may be organized ;
and the manner in which their contribution should be made; also
to what extent and in what manner the United States should con-
trol, operate, or supervise the carrying out of the plan proposed,
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and what assurances he has been able to secure as to the approval
of, particiﬁation in, and contribution to the plan or plans pro-
posed by the various contributing agencies.

Skc. 5. That, for the purpose of enabling the Secretary of the
Interior to pay not to exceed one-half of the cost of the examina-
tion and report herein provided for, there is hereby authorized to
be ap]t)ll:l)fmated the sum of $20,000: Provided, That no expendi-
ture s be made or obligation incurred hereunder by the Secre-
tary of the Interior until provision shall have been made for the
anment of at least one-half the cost of the examination and report

erein provided for by associations and agencies interested in the
irrigation of the lands of the Imperial Valley.

Approved, May 18, 1920. .



ArpEnDIX 1.
STREAM-GAGING DATA.

!

1. Records compiled in the following tables are to be found in the
following reports and Water Supply Papers:

Publications of the United States Geoloc(fwa ! Survey containing results of stream measure-
. ments in Colorado River Basin.

Water Water .
Year. Supply - Annual report. Year. Supply Annual report.
Paper. Paper.

37,38,39 | 21st, Part IV. 289
50,52 | 22d, Part IV. 309
.75 329
85 359
100 389
133 409
175,177 439
211 459
249 1479
269 1 509

1 In manuscript.

State engineer biennial reports for Colorado, Wyoming, and New Mexico contain
stream gaging records for streams in their respective States.

Water Supply Paper 395, Colorado River and its utilization, by E. C. La Rue,
contains summaries of monthly discharge prior to 1915 for the principal gaging sta-
tions in the basin excepting Gila River.

2. Colorado River Basin gaging stations:

NoTE.—Dash after a date indicates that station was being maintained September 30, 1920. Period
after a date indicates discontinuance."
Green River (head of Colorado River), near Kendall, Wyo., 1910-1912.
Green River near Daniel, Wyo., 1915— !
Green River at Green River, Wyo., 1915-16; 1915—
Green River at Bridgeport, Utah, 1911-1915.
Green River at Jensen, near Vernal, Utah, 1903-1906; 1914-15.
Green River at Ouray, Utah, 1904-5.
Green River at Green River (formerly Blake), Utah, 1894-1899; 1905-1911.
Green River at Little Valley, near Green River, Utah, 1910—
Colorado River at Bulls Head, near Mohave, Ariz., 1902-3. : U
Colorado River at Hardyville, Ariz., 1905-1907.
Colorado River near Topock, Ariz., 1917—
Colorado River at Yuma, Ariz., 1891—
Horse Creek at Daniel, Wyo., 1915—
Cottonwood Creek, near Big Piney, Wyo., 1916—
East Fork at East Fork Canal, Wyo., 1916—
East Fork at New Fork, Wyo., 1905-6; 19156—
New Fork at Alexander’s ranch, near Cora, Wyo., 1910-11,
New Fork at Pinedale crossing, near Cora, Wyo., 1905.
New Fork near Boulder, Wyo., 1915—
Pine Creek at Fremont Lake outlet, near Pinedale, Wyo., 1905-6; 1910-
1912; 1915—
Pine Creek at Pinedale, Wyo., 1915—
Pole Creek near Fayette, ‘go., 1904-1906.
Pole Creek near Pinedale, Wyo., 1910. .
Fall Creek at Fayette, 0., 1904-5.
Boulder Creek near Boulder (New Fork), Wyo., 1904-1906; 1915—
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Colorado River tributaries—Continued.
North Piney Creek near Marbleton, Wyo., 1915-16.
Middle Piney Creek near Big Piney, Wyo., 1915—
Labarge Creek near Labarge, Wyo., 1915-16.
Fontenelle Creek near Fontenelle, Wyo., 1915—
Big Sandy Creek at Leckie’s ranch, near Big Sandy, Wyo., 1910-11.
Big Sandy Creek near Eden, Wyo., 1911-12.
Big Sandy Creek near Farson, Wyo.; 19156—
Dutch Joe Creek at Dutch Joe ranger station, near Big Sandy, Wyo., 1911-12,
Squaw Creek near Eden, Wyo., 1911-12.
Little Sandy Creek near Eden, Wyo., 1911-12,
Blacks Fork near Urie, Wyo., 1913—
Blacks Fork above Hams Fork, near Granger, Wyo., 1896-97.
Blacks Fork below Hams Fork at Granger, Wyo., 1897-1900; 1916.
Henrys Fork near Linwood, Utah, 1916.
Beaver Creek at Myer’s ranch, near Lodore, Colo., 1910-11.
Hams Fork, Kemmerer, Wyo.. 1918—
Vermilion Creek at Bassett’s ranch, near Lodore, Colo., 1910-11.
Piceance Creek at Mouth, 1918.
Yampa River at Yampa, Colo., 1910-1915.
Yampa River at Steamboat Springs, Colo., 1904-1906; 1910—
Yampa River at Craig, Colo., 1901-2; 1904-1906; 1910-1916.
Yampa River near Maybell, Colo., 1904-5; 1910-1912; 1916—
‘errible Creek:
Fish Creek at Steamboat Springs, Colo., 1919—
Trout Creek at Pinnacle, Colo., 1910-11.
Soda Creek at Steamboat Springs, Colo., 1910-1919.
Elk River at Hinman Park, Colo., 1912-1918.
Elk River near Clark, Colo., 1910—
Elk River near Trull, Colo., 1904-1906; 1910—
Big Creek near Steamboat Springs, Colo., 1918-19.
Mad Creek near Steamboat Springs, Colo., 1912-1917.
Sage Creek:
Fish Creek at Dunkley, Colo., 1910-11.
Elk Head Creek at Hays’ ranch, 1910; 1920—
Elk Head Creek near Craig, Colo., 1906; 1910-1918.
North Fork Elk Head Creek at Hay’s ranch, 1910; 1920—
East Fork Elk Head at Hays’ ranch, 1910, 1920—
Fortification Creek at Craig, Colo., 1905-6; 1910-1918.
Fortification Creek at Chapman’s ranch, 1910.
Little Bear Creek, 1910.
Williams River near Pyramid, Colo., 1910-11.
Williams River at Hamilton, Colo., 1904-1906; 1910—
Milk Creek near Axial, Colo., 1904-5.
Little Snake River, Middle Fork, near Battle Creek, Colo., 1912—
Little Snake River near Dixon, Wyo., 1910—
Little Snake River near Maybell, Colo., 1904.
South Fork of Little Snake River near Battle Creek, Colo., 1912—
Slater Creek at Baxter ranch, near Slater, Colo., 1912—
Slater Creek near Savery, Wyo., 1915—
Beaver Creek:
Willow Creek near B , Wyo., 1912— .
Muddy Creek near Baggs, Wyo., 1915-1918. .
Fourmile Creek near Baggs, Wyo., 1912—
Ashley Creek above Dry Fork, near Vernal, Utah, 1911-1918.
‘Ashley Creek below Dry Fork, near Vernal, Utah, 1900-1904.
Vernal Milling & Light Co.’s tailrace near Vernal, Utah, 1917—
Dry Fork of Ashley Creek at Vernal, Utah, 1904.
Duchesne River, North Fork (head of Duchesne River), above Forks, Utah, 1904.
Duchesne River at Duchesne, Utah, 1918—
Duchesne River at Myton, Utah, 1899—
West Fork of Duchesne River above Forks, Utah, 1904.
Rock Creek (East (‘reek), 10 miles above mouth, Utah, 1904.
Strawberry River above mouth of Indian Creek, in Strawberry Valley, Utah,
¢ 1903-1906; 1909-10.
Strawberry River below mouth of Indian Creek, in Strawberry Valley, Utah,
1908-9.

93715—S. Doc. 142, 67-2——17
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Colorado River tributaries—Continued. .
Duchesne River at Myton, Utah, 1899—Continued.
Strawberry River at Duchesne (Theodore), Utah, 1908-1910; 1914—
Indian Creek in Strawberry Valley, Utah, 1905-6; 1909-10.
Trail Hollow Creek in Strawberry Valley, Utah, 1909-10.
Currant Creek, 13 niles above mouth, Utah, 1904.
Currant Creek, 3 miles above mouth, Utah, 1904."
Red Creek above Narrows, Utah, 1904.
Lake Fork, West Fork of (head of Lake Fork), 10 miles above Forks, Utah,

1904.
* Lake Fork below Forks near Altonah, Utah, 1904; 1907-1910.
Lake Fork above U. S. Lake Fork Canal near Altonah, Utah, 1917-18.
Lake Fork near Myton, Utah, 1900-1903; 1907—
East Fork of Lake Fork, 8 miles above Forks, Utah, 1904.

Uinta River near Whiterocks, Utah, 1899-1904; 1907-1918.

Uinta River at Fort Duchesne, Utah, 1899-1904; 1906-1910.

Uinta River at Ouray school, Utah, 1899-1904.

Whiterocks River near Whiterocks, Utah, 1899-1904; 1907-1918.
W{lsi)tieo_liiver, North Fork (head of White River), near Buford, Colo., 1903-1906;
White River at Meeker, Colo., 1901-1906; 1910—

White River at White River City, Colo., 1895.
White River at Rangely, Colo., 1904-5, 1918.
White River near Dragon, Utah, 1906.
White River near Ouray, Utah, 1904. .
Marvine Creek near Buford, Colo., 1903-1906.
South Fork of White River near Buford, Colo., 1903-1906; 1910-1915; 1919—
Price River near Helper, Utah, 1894-95; 1904—
Price River at Woodside, Utah, 1909-1911.
Fish Creek at Schofield, Utah, 1918—
Huntington Creek (head of San Rafael River) near Huntington, Utah, 1909.
Huntington Creek near Castledale, Utah, 1911—
San Rafael River near Green River, Utah, 1909—

Cottonwood Creek near Orangeville, Utah, 1909—

Ferron Creek (upper station) near Ferron, Utah, 1911—

Ferron Creek near Ferron, Utah, 1909-1911.

Ferron Creek near Castledale, Utah, 1911-1914.

Grand River, North Fork (head of Grand River), near Grand Lake, Colo.,1904-191%
Grand River near Granby, Colo., 1908-1911. :
Grand River at Hot Sulphur Springs, Colo., 1904—
Grand River near Kremmling, Colo., 1904-1918.

Grand River near Wolcott, Colo., 1906-1908.

Grand River at Shoshone, Colo., 1897.

Grand River at Glenwood Springs, Colo., 1899—

Grand River near Palisades, Colo., 1902—

Grand River near Grand Junction, Colo., 1894-1900.
Grand River near Fruita, Colo., 1911—

Grand River near Cisco, Utah, 1914—

Grand River near Moab, Utah, 1913-14.

North inlet to Grand Lake at Grand Lake, Colo., 1905-1912.

Grand Lake outlet at Grand Lake, Colo., 1904-1913.

South Fork of Grand River near Lehman, Colo., 1907-8.

Fraser River near Arrow, Colo., 1910—

Fraser River at upper station, near Fraser, Colo., 1908-1911.

Fraser River at lower station, near Fraser, Colo., 1907-1909.

Fraser River at Granby (Coulter), 1904-1909. :

Big Jim Creek near Fraser, Colo., 1907-1909.

Little Jim Creek near Fraser, Colo., 1907-1909.
Vasquez Creek at upper station, near Fraser, Colo., 1908-9.
Vasquez Creek at lower station, near Fraser, Colo., 1907-1909.
Elk Creek near Fraser, Colo., 1907-1909.
St. Louis Creek at upper station, near Fraser, Colo., 1908-9.
St, Louis Creek at lower station, near Fraser, Colo., 1908-9.

North Ranch Creek at upper station, near Rollins Pass, Colo., 1908-9.
North Ranch Creek at lower station, near Rollins Pass, Colo., 1907-1909.
Middle Ranch Creek at upper station, near Arrow, Colo., 1908-9.

South Ranch Creek at upper station, near Arrow, Colo., 1908-9.
South Ranch Creek at lower station, near Arrow, Colo., 1907-1909.
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Colorado River tributaries--Continued.
Grand River tributaries--Continued.
Williams Fork near Scholl, Colo., 1910-1917. .
Williams Fork near Parshall (Sulphur Springs), Colo., 1904—
Troublesome Creek at Troublesome, Colo., 1904-5.
Muddy Creek at Kremmling, Colo., 1904-5.
Blue River at Breckenridge, Colo., 1914-15.
Blue River at Dillon, Colo., 1910—
Blue River near Kremmling, Colo., 1904-1908.
Spruce Creek (upper station) near Breckenridge, Colo., 1914-15.
Spruce Creek (lower station) near Breckenridge, Colo., 1914-15.
Crystal Creek near Breckenridge, Colo., 1914-15.
Snake River at Dillon, Colo., 1910-1919. . \
Tenmile Creek near Kokomo, Colo., 1904.
Tenmile Creek near Uneva Lake, Colo., 1903.
Tenmile Creek at Dillon, Colo., 1910-1919.
Eagle River at Redcliff, Colo., 1911—
Eagle River above Brush Creek, at Eagle, Colo., 1911—
Eagle River below Brush Creek, at Eagle, Colo., 1905-1907.
Eagle River at Gypsum, Colo., 1907-1909.
Turkey Creek at Redcliff, Colo., 1913—
Homestake Creek at Redcliff, Colo., 1911-1918.
Gore Creek near Minturn, Colo., 1911-1914.
Beaver Creek at Avon, Colo., 1911-1914.
Brush Creek at Eagle, Colo., 1911-1913.
No Name Creek near Glenwood Sgrings, Colo., 1911-1914.
Gliaglv{oogl%ight & Power Co.’s flume near Glenwood Springs, Colo.,
-1913.
Roaring Fork at Aspen, Colo., 1911—
Roaring Fork below Aspen, Colo., 1913-1918.
Roaring Fork near Emma, Colo., 1908-9.
Roaring Fork at Glenwood Springs, Colo., 1906-1918.
Hunter Creek at Aspen, Colo., 1911-1913.
Castle Creek near Aspen, Colo., 1911—
Maroon Creek at upper station, near Aspen, Colo., 1911-1917.
Maroon Creek at lower station, near Aspen, Colo., 1914-15.
Snow Mass Creek at Snow Mass, Colo., 1911-1913.
Fryingpan Creek at Norrie, Colo., 1911-1917.
Fryingpan Creek at Thomasville, Colo., 1911—
Fryingpan Creek at Basalt, Colo., 1908-9.
North Fork of Fryinggan Creek near Norrie, Colo., 1911-1917.
Crystal River at Marble, Colo., 1910-1917.
Crystal River at Carbondale, Colo., 1908-9.
Elk Creek, West Fork (head of Elk (Creek), near Newcastle, Colo., 1911.
Middle Fork of Elk Creek near Newcastle, Colo., 1911-1914.
. East Fork of Elk Creek near Newcastle, Colo., 1911-1915.
West Divide Creek (head of Divide Creek) at Hostetler’'s ranch, near
Raven, Colo..1909.
West Divide Creek at Beard’s ranch, near Raven, Colo., 1910-11.
West Divide Creek at Raven, Colo., 1909-1911.
Plateau Creek, Moline, Colo., 1912.
West Mamm Creek near Rifle, Colo., 1909-10.
Taylor River (head of Gunnison River) near Almont, Colo., 1905.
Taylor River at Almont, Colo., 1910— ,
Gunnison River near Gunnison, Colo., 1910-1914, 1916—
Gunnison River near Iola, Colo., 1900-1903.
Gunnison River near Cimarron, Colo., 1903-1905.
Gunnison River at River Portal, Colo., 1905-1911.
Gunnison River near Cory, Colo., 1903-1905.
Gunnison River at Roubideau, Colo., 1897.
Gunnison River at Whitewater, Colo., 1895; 1897; 1901-1906.
Gunnison River near Grand Junction, Colo., 1894-95; 1897-1899; 1917—
East River at Almont, Colo., 1905; 1910—
Cement Creek near Crested Butte, Colo., 1910-1913.
Tomichi Creek at Sargents, Colo., 1917—
Tomichi Creek near Gunnison, Colo., 1910.
Lake Fork at Lake City, 1920— '
Quartz Creek near Pitkin, Colo., 1910-1913.
Cimarron Creek at Cimarron, Colo., 1903-1905.
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Colorado River tributaries—Continued.
Grand River tributaries—Continued.
Gunnison River tributaries—Continued.
Crystal Creek near Maher, Colo., 1917—
North Fork of Gunnison River near Hotchkiss, Colo., 1903-1906.
Surface Creek at Cedaredge, Colo., 1917—
Kannah Creek near Whitewater, 1917—
Leroux Creek near Lazear, Colo., 1917—
Surface Creek, at Cedaredge, Colo 1917—
Sapinero Creek at Sapinero, Colo., 1911-1914.
Uncompahgre River near Colona Colo 1903-1906.
Uncompahgre River at Ouray, Colo., 1908; 1911-1918.
Uncompahgre River below Ouray, Colo., 1913—
Uncompahgre River near Colona, Colo., 1917—
Uncompahgre River near Fort Crawford Colo., 1910-11.
Uncompahgre River at Fort Crawford, Colo 1895—1899 1908-1911.
Uncompahgre River at Montrose, Colo., 1900; 1903—
Uncompahgre River near Delta, Colo., 1903—
Canyon Creek at Ouray, Colo., 1911-1915.
Dolores River at Rico, Colo.. 1914; 1919— *
Dolores River at Dolores, Colo., 1895-1903; 1910-1912.
Dolores River at Bedrock, Colo., 1918—
Rico Mimn%Co s tailrace at Rico, Colo., 1914.
"San Miguel River near Fall Creek, Colo., 1895-1899; 1910.
San Miguel River at Placerville, Colo., 1910-1912.
San Miguel below Placerville, Colo., 1895-1899; 1909-1912.
San Miguel at Naturita, Colo., 1918—
Mill Creek near Moab, Utah 1914—
Fremont River near Thurber Utah, 1909-1912.
Muddy Creek near Emery, Utah 1909-1914.
Muddy Creek (lower station) near Emery, Utah, 1911—1914
Ivie Creek near Emeliy Utah, 1911-12.
Escalante Creek (head of scalante River) near Escalante, Utah, 1909-1913.
San Juan River at Pagosa Springs, Colo., 1911-1914.
San Juan River at Arboles, Colo., 1895—1899; 1910-1920—
San Juan River at Turley, N. Mex., 1907-8.
San Juan River at Blanco, N. Mex., 1908-1910.
San Juan River near Bloomfield, N Mex., 1909-1911.
San Juan River at Farmington, N. Mex., 1904—1906 1912-1918. .
San Juan River near Shiprock, N. Mex., 1911; 1915—1920—
San Juan River near Bluff, Utah, 1914~
Navajo River at Chromo Colo 1911-12.
Navajo River at Edith, Colo., 1912-1920—
Piedra River at Fiedra, Colo., 1911-12.
Piedra River at Arboles, Colo., 1895-1899; 1910-1920—
Los Pinos River near Ignacio, Colo., 1899-1903; 1910-1920—
Animas River at Silverton, Colo., 1903.
* Animas River at Tacoma, Colo., 1909—9 1911.
Animas River above Lightner Creek at Durango, Colo., 1895-1905.
Animas River below Lightner Creek at Durango, Colo., 1910-1920—
Animas River at Aztec, N. Mex., 1904 1907-1915.
Animas River at Farmington, N. Mex 1912-1920—
Animas River near Farmington, N. Mex 1904-5.
Evaporation at Farmington, N. Mex., 1914-15.
Hermosa Creek near Hermosa, Colo 1911-1914.
Florida River near Durango, Colo., 1899 1901-1903; 1910-1920—
Aztec Light & Power Co.’s canal at Aztec N. Mex., 1912-1914.
La Plata River at Hesperus, Colo., 1904-1906; 1910 1917—
La Plata, Colo., N. Mex. line, 1919—
La Plata River at La Plata, N. Mex., 1905-1920—
Mancos River at Mancos, Colo.. 1898-1901.
West Mancos River near Mancos, Colo., 1910-11.
Montezuma Creex, North Fork, at Monticello, Utah, 1914-1916.
Gordon canal near Monticello, Utah, 1914-15.
Wood high-line canal near Montlcello Utah, 1914-15.
North canal near Monticello, Utah, 1914-15.
Middle canal near Monticello, Utah 1914-1916.
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Colorado River tributaries—Continued.
San Juan River tributaries—Continued.
Montezuma Creek, North Fork at Monticello, Utah, 1914-1916—Continued.
South Fork of North Montezuma Creek near Monticello, Utah, 1914-15.
Pioneer canal near Monticello, Utah, 1914-15.
South canal near Monticello, Utah, 1914-1916.
Christensen canal near Montlcello, Utah, 1915.
Spring (Vaga) Creek near Monticello, Utah 1914-1916.
Davenport and Campbell canal near Monticello, Utah, 1914-1916.
Green canal near Monticello, Utah, 1914-1916.
Verdure (South Montezuma) Creek near Verdure Utah, 1914-15.
Little Colorado River at St. Johns, Ariz., 1906-1909.
Little Colorado River at Woodruff Ariz., 1905-1908; 1915—
Little Colorado River at Holbrook Anz 1905-1909.
Zuni River at Black Rock, N. Mex., 1903-1905; 1908—
Silver Creek at Snowflake, Ariz., 1906-1908; 1915-16.
Silver Creek at Canyon station, near Snowflake, Ariz., 1906.
Woodruff ditch at Woodruff, Ariz., 1906.
Chevelon Fork near Wlnslow Anz 1905-1908; 1915—
Clear Creek near Winslow, Anz 1906-1909.
Virgin River at Virgin, Utah, '1909—
Zion Creek near Sprm%dale. Utah, 1913-14.
Ash Creek at Toquerville, Utah, 1915.
+ Leeds (Quail) Creex near Leeds Utah, 1915—
Santa Clara Creek near Central, Uta.h, '1909—
Santa Clara Creek at Santa Clara, Utah, 1915.
Santa Clara Creek near St. George, Utah, 1909-1913.
Town canal at Santa Clara, Utah, 19 15.
St. George and Santa Clara north canal at Santa Clara, Utah, 1915.
St. George and Santa Clara south canal at Santa Clara Ut.ah 1915.
Muddy River at Home ranch, near Moapa, Nev, 1913—
Muddy River above Indian reservatlon, near Moapa Nev., 1914—
Muddy River at railroad pumping plant, near Moapa, Nev 1914—
Muddy River at Weiser ranch, near Moapa;, Nev., 1915—
Muddy River near Moapa and Lo n, Nev., 1904—1906 1909-10; 1913-14.
Muddy River near St. Thomas, Nev., 1913-1916.
Williams River near Swansea, Anz 1910-1915.
Gila River near Cliff, N. Mex 1904-1907.
Gila River near Silver City, N. Mex., 1912-1919.
Gila River near Gila, N. Mex 1914.
Gila River near Redrocx N. Mex 1908—
Gila River near Duncan, Ariz., 1914-15.
Gila River at Guthrie, Ariz., 1910-1918.
Gila River near Solomonvxlle Ariz., 1914—
Gila River at San Carlos, Anz 1910-11.
Gila River near San Carlos, Ariz., 1899-1905.
Gila River near dam site, near San Carlos, Ariz., 1914—
Gila River at Winkelman, Ariz., 1917—
Gila River at Kelvin, Ariz., 1911—
Gila River near Florence, Anz 1914.
Gila River near Buttes, Ariz., 1889—90 1895-1899.
Gila River near Sentmel Anz 1913—
Gila River at Dome (Glla (nty), Ariz., 1903-1906.
lea River at mouth, near Yuma, Anz 1903—
Sunset canal near Duncan, Anz 1914-15.
Cosper and Martin canal near Duncan Ariz., 1914-15.
Cosper and Windham canal near Duncan Anz 1914-15.
Model canal near Duncan, Ariz., 1914-15.
Valley canal near. Duncan, Anz 1914-15.
Black and McClesky canal at Duncan, Ariz., 1915.
Colomonero canal near Duncan, Ariz., 1914-15.
York Canal at Yorx, Ariz., 1914-15.
San Francisco River near Alma, N. Mex., 1904-1907; 1909-1914.
San Francisco River at dam, above Clifton, Ariz., 1911.
San Francisco River at Clifton, Ariz., 1910—
Whitewater Creek near Mogollon, N. Mex., 1909-1920—
Brown canal above wasteway, near Solomonville, Ariz., 1914-15.
Brown canal below wasteway, near Solomonville, Ariz., 1914-15.
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Colorado River tributaries—Continued.
Gila River Canals—Continued.
Fourness canal near Solomonville, Ariz., 1914-15.

San Jose canal near Solomonville, Ariz., 1914-15.
Michellena canal near Solomonville, Ariz., 1914-15.
Montezuma canal at Solomonville, Ariz., 1914-15.
Union canal near Solomonville, Ariz., 1914-15.
Graham canal near Safford, Ariz., 1914-15.

Oregon canal near Thatcher, Ariz., 1914-15.

Smithville canal near Thatcher, Ariz., 1914-15.

Bryce canal near Pima, Ariz., 1914-15.

Dodge canal at Pima, Ariz., 1914-15.

Nevada canal near Pima, Ariz., 1914-15.

Curtis canal near Fairview, Ariz., 1914-15.
Consolidated canal near Fairview, Ariz., 1914-15.

San Carlos River at San Carlos, Ariz., 1910-11; 1914-15.

.San Pedro River at Lewis Springs (Charleston), Ariz., 1904-1906; 1910-11.
San Pedro River at diversion dam, near Fairbank, Ariz., 1911-12.
San Pedro River near Fairbank, Ariz., 1912—

San Pedro River near Dudleyville, Ariz., 1890.
‘Florence canal near Florence, Ariz., 1914-15.
0. T. canal, Florence, Ariz., 1914-15.
Price and Powell ditch near Florence, Ariz., 1914-15.
Pierson-Nicholas canal near Florence, Ariz., 1914-15.
Queen Creek at Whitlow’s, near Superior, Ariz., 1896; 1915—
Santa Cruz River near Nogales, Ariz., 1907; 1909—
Santa Cruz River at Tucson, Ariz., 1905—
Rillito Creek near Tucson, Ariz., 1909—
Black River (head of Salt River) near Fort Apache, Ariz., 1912—
Salt River near Roosevelt, Ariz., 1901-1907; 1912—
Salt River below mouth of Cherry Creek near Roosevelt, Ariz., 1906.
Salt River 50 miles above Phoenix, Ariz., 1890.
Salt, River at Arizona dam, Ariz., 1888-1891.
Qalt River at McDowell, Ariz., 1897-1910.
North Fork of White River, at Whiteriver, Ariz., 1917—
White River at Fort Apache, Ariz., 1912—
East Fork of White River at Fort Apache, Ariz., 1912—
Tonto Creek near Roosevelt, Ariz., 1901-1904; 1913—
Verde River near Clarkdale, Ariz., 1915—
Verde River at Camp Verde, Ariz., 1912—
Verde River at Childs, near Camp Verde, Ariz., 1911—
Verde River near McDowell, Ariz., 1889; 1897-1899: 1901—
Beaver Creek at Camp Verde, Ariz., 1912—
Agua Fria River near Glendale, Ariz., 1910—
Hassayampa River near Wagoner (Walnut Grove), Ariz., 1912—
Hassayampa River at Wickenburg, Ariz., 1910-1912.
Imperial canal 10 miles below Yuma, Ariz., 1903-1905.
Imperial canal (main) near Calexico, Calif., 1904-5.
Boundary canal near Calexico, éalif., 1905.
Wisteria canal near Calexico, Calif., 1905.
Holt canal at Calexico, Calif., 1904-5.
Hemlock canal at Calexico, Calif., 1904-5.
Alamo channel near Calexico, Calif., 1904.
. Alamitos canal near Calexico, Calif., 1904-5.
Whitewater Draw ! near Douglas, Ariz., 1911—

3. Key stations at which yearly percentages of the mean annual
run-off are computed and from which other streams in the same
basin may be compared, viz: At the key station, for the years of
which the selected stream is to be compared, take a mean of the
percentages. This mean divided into the mean annual run-off of
the stream selected for comparison will give results in proportion
to the longer record of the key station.

1Flows into Gulf of California in Mexico.
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Examplet Ham’s Fork at Kemmerer, Wyo., 1318-1920, mean_ annual, 123,000
acre-feet recorded. Per cent of mean of Green River at Green River, Wyo., for

1918-1920 inclusive_2gs—88 per cent of mean. li%’gg—o ==140,000 acre feet—estimated

average annual flow at Kemmerer for the longer period.

4. List of key stations:

Green River at Green River, Wyo., 1895-1906, 1905-1920.

Green River at Little Valley, Utah, 1895-1897, 1905-1920.
Colorado River at Yuma, Ariz., 1903-1920.

Yampa River at Steamboat Springs, Colo., 1904-1906, 1910-1920.
Duchesne River at Myton, Utah, 1900-1920.

White River at Meeker, Utah, 1902-1920. !
Price River at Helper, Utah, 1905-1920.

Grand River at Glenwood Springs, Colo., 1900-1920.

San Rafael River at Green River, Utah, 1910-1918.

San Juan River ag Arboles, Colo., 1897, 1911-1920. )

San Juan River at Farmington, N. Mex., 1905-6, 1912-1920.
Virgin River at Virgin, Utah, 1909-1918.

Verde River at McDowell, Ariz., 1903-1917.

Salt River at Roosevelt, Ariz., 1901-1918.

Gila River at Yuma, Ariz., 1903-1920.

5. On the following pages the records of mean annual runoff at
gaging stations on the Colorado and its tributaries are given. These
stations are grouped by stream basins for readiness of comparison
with the records at the key stations.

6. Following these will be found tables of monthly runoff in acre-
feet for all principal gaging stations in the Colorado Basin.
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GRAND RIVER BASIN.

[Arranged in order downstream.]
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216 PROBLEMS OF TMPERIAL VALLEY AND VICINITY.

Monthly record of run-off at important gaging stations.
GREEN RIVER AT GREEN RIVER, WYO.

[Sec. 22, T. 18 N., R. 107 W. Unit of run-off, 1,000 acre-feet. Drainage area, 7,450 square miles.)

YAMPA RIVER AT STEAMBOAT SPRINGS.
[Unit of run-off, 1,000 acre-feet. Drainage area, 500 square miles.]

WHITE RIVER AT MEEKER, COLO.
[Unit of run-off, 1,000 acre-feet. Drainage area, 634 square miles.]

1 Estimated.

e e ———
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Monthly record of run-off at important gaging stations—Continued.
PRICE RIVER AT HELPER, UTAH. .
[Unit of run-off, 1,000 acre-feet. Drainage area, 530 square miles.]

DUCHESNE RIVER AT MYTON, UTAH.
[Unit of run-off, 1,000 acre-feet. Drainage area, 2,750 square miles.]

SAN RAFAEL RIVER NEAR GREEN RIVER, UTAH.
[Unit of run-off, 1,000 acre-feet.|

..... ' ll 140, 0 146.0I 2.2 45,8 30.00....|....
7.90770.6{14.0/73.0 14,0 44.8| 44.5| 73.8] 18.3| 6.8 2.7 14.0/ 233/ 119
13.6] 5.9 6.2| 13.8 10.9] 10.1| 9.7| 30.3 38.2 6.1: 5.4 9.0 157 80
219 3.8 3.7| 3.1 4.0 6.2| 5.7 25.0 93.4 13.7 4.6 3.6| 189 96
23.6 1.8 2.9| 2.5 2.8 8.4 20.1| 66.4 27.6] 8.4 3.2/ 14.1] 192| 98
4.5 7.4 4.0| 3.4 3.6/ 5.5 14.9/100.0] 9«2 181 2.8 1.5 264|135
9.8 2.5 3.7 3.0 2:6/12.8 11.7| 23.4 267 2.3 (1| 2.0 101 52
5 7.3 42 36 4623 123 B3 555121 2.1 42 1%
52.1 4.8 54| 1.2 56 81| 1.5 52.6 134.0/22.8 6.7/ 13.00  318| 162
4.0 47 3.9 3.4 41 67 64 87 35039 7.7 7.7 126
............ 15.3 6.4 4.2] 41 47140 152 459 583 138 6.0 7.7 195....
Percent............... 7.x' 3.3\ 2.2 2.11 2.4 7.2 TR 235 207, 7.0 31| 3.9.......|.0.
| ! 1

1 Estimated. 2 Partial record.
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Monthly record of run-off at important gaging stations—Continued.

GRAND RIVER AT GLENWOOD SPRINGS.

[Unit of run-off, 1,000 acre-feet.

Drainage area, 4,520 square miles.]

SAN JUAN RIVER NEAR FARMINGTON, N. MEX.

Drainage area, 6,920 square miles.]

{Unit of run-off, 1,000 acre-feet.

. sz ..
B wmwsmm g5
P

B .O.O.O.O.O.Ow °o

. N

8 BEIRRR (3N
. . Setod | et
iR RRZERB (K-
. NS DO R S
8 [ SRSREE | S
ng R .204944 =X
s SOy | ~a
n3 M 213- =} wn
=) T~ | B

Percent................

VIRGIN RIVER AT VIRGIN, UTAH.

{Unit of run-off, 1,000 acre-feet. Drainage area, 1,010 square miles.)

csecece
cleceacas

;

208.

.3| 6.5

4.2/ 11.1} 13.6
6.8 5

1

8639948-067
——

2.3
6.0)

—

TERMNMOFOMIS

IRIRTSLIIBR

32

BEEEA LA

——

..Z&T&.D.O.&LZ
. -

“664826898

398800379
i ———

.942820368

1909.......
1910.........
1911

1012
1913.... .
1914

191

191

1917

1918

Per cent.............

8 Deduced from Palisade record.

1 Partial record.

1 Estimated.

.
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Monthly record of run-off at tmportant gaging stations—Continued.

GILA RIVER AT YUMA, ARIZ.
[Unit of run-of, 1,000 acre-feet. Drainage area, 71,050 square miles.|

1 Estimated.

At Yuma, Ariz., 1903, 1915-1920; at Dome, Ariz., 1904-1906; at Sentinel, 1914; 1907-1912, from report of
‘W. W. Schlecht, for 1918.

GREEN RIVER AT LITTLE VALLEY, UTAH.
[Unit of run-off, 1,000 acre-feet. Drainage area, 41,000 square miles.}

1 Estimated.
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Monthly record of run-off at important gaging stations—Continued.

COLORADO RIVER AT YUMA, ARIZ.
[Unit of run-off, 1,000 acre-feet. Drainage area, 242,000 square miles.]

Monthly discharge of Colorado River at Yuma, Ariz., for years 1902-1920.
[Gaging station, sec. 85, T'. 16 8., R.22 E. Drainage area, 242,000 square miles.]

Discharge for year ending Dec. 31, 1802. Discharge for year ending Dec. 31, 1903.
Month. Maxi- | Mini Totalin | Maxi- | Mini T tal in
axi- - 'otal in axi- - ota

mum. mum. Mean. acre-feet. | mum. mum. Mean. acre-feet.
January.......... 4,520 3,230 3,727 229,000 3,900 2,694 3,089 190, 000
February........ 4,720 3,300 3,955 220, 000 4,100 2, 800 3,370 187, 000
arch............ 5,310 1340 4,903 301, 000 9,525 3,375 6,120 376, 000
April............. 11,400 4,310 6,197 368,000 | 31,600 9,200 | 14,300 852, 000
MaY.eoennaaannn.. 59,200 | 11,400 | 35,960 | 2,211,000 | 56,400 | 13,100 | 33,700 | 2,070,000
June............. 56, 200 29,000 42,520 | 2,530,000 72,219 28, 300 53,100 3, 160, 000
July... ..ol 27,000 5130 | 12,530 770,000 | 69,500 | 20,350 | 37,500 | 2,300,000
August........... 5,560 3,230 4,180 257,000 19, 900 6,200 10,900 668, 600
September....... 8,360 3,050 3,820 227,000 9,200 5,000 6,800 404, 000
October........... 6,600 3,140 4, 300 264, 000 15,806 6,128 8,400 522, 000
November....... 5,540 3,140 4,190 249,000 6,386 1,675 5,400 321, 000
December........ 12,600 3,590 5,410 333,000 5 345 3,170 4300 267,000
Year....... 59,200 3,050 | 10,070 | 7,960,000 | 72,219 2,604 | 15,600 | 11,300,000

Discharge for year énding Dec. 31, 1904. ! Discharge for year ending Dec. 31, 1905.

Month. Maxi Mini Total i | Maxi- | Mini Total i
axi- - otal 1n axi- = otal in
mum. | mum. | Me80. | gerefeet.  mum. | mum. | Me8D- | gerefeet.
|

January. 4,007 3,350 3,635 224,000 | 27,500 3,750 8,130 500, 000
February 4,310 3,340 3, 800 218,000 . 82,800 5,800 28,100 1, 560, 000
March 9,320 4,450 6, 000 368, , 111,000 23, 500 50, 500 3,110,000
April... 19, 400 5,600 : - & 060 479,000 97,500 19, 500 37,800 2,250,000
May.... 45,900 | 17,000 | 27,700 | 1,700,000 | 59,000 | 33,900 | 42,200 | 2,590,000
June. .. 51,200 | 32,800 | 43,800 | 2,610,000~ 94,300 | 61,500 | 76,500 | 4,550,000
July.......ooolll 38,900 | 14,600 | 23,000 | 1,417,000 | 57,800 | 16,800 [ 30,300 | 1,860,000
ugus 24000 | 13,000 | 17,100 | 1,050,000 | 17,500 6,850 | 12,100 744,000
September.......| 18,500 5,540 | 11,600 692,000 9,670 5,060 6,500 387,000
October.......... 23,200 5,660 | 11,600 716,000 = 15,500 5,220 3,030 494,000
November....... 7,960 4,750 6,150 366,000 103,000 5,620 12,000 714,000
December........ 5,080 3,480 4,480 275,000 77,400 5,900 | 15,400 945,000
Year....... 51,200 3,340 | 13,900 | 10,100,000 111,000 3,750 | 27,300 | 19,710,000
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Monthly discharge of Colorado River at Yuma, Ariz., for years 1902-1920—Continued.

Discharge for year ending Dec. 31, 1907.

Discharge for year ending Dec. 31, 1906.
Month. Maxi- | Mini Total M Mini- | $ Total
axi- ini- 'otal in axXi- ini- otal in
mum. . mum. Mean. acre-feet. mum. mum. Mean. acre-feet.
16,100 . 4,620 6,870 422,000 | 44,300 | 12,700 | 21,500 | 1,320,000
14,800 6, 360 9, 560 531,000 31, 300 12,400 18, 800 1, 040, 000
75,000 | 6,740 | 25,400 1,560,000 | 68,700 | 14,800 | 24,100 | 1,480,000
44,100 | 25,500 | 32,500 | 1,930,000 | 50,500 | 24,700 | 35, 2,100, 000
79,800 | 35,100 | 54,100 | 3,330,000 | 68800 | 28,600 [ 37,900 | 2 330,000
99,200 | 65,000 [ 84,200 | 5,010,000 | 115000 [ 72,200 | 94,800 | 5,640,000
74,200 27,000 | 39,000 | 2,400,000 | 114,000 | 52,400 | 96,500 | 5,930,000
25600 | 13,400 | 19,200 | 1,180,000 | 61,900 | 23,100 | 37,600 | 2,310,000
14, 500 9,600 | 11,700 696,000 | 43,300 | 13,100 | 23,200 | 1,380,000
15, 900 8,600 11,700 719, 000 18, 800 10,100 13,600 838, 000
12, 500 8 430 9,710 578,000 | 16,300 8,300 | 10,800 643, 000
60, 000 [ 6,800 | 18/300 | 1,130,000 S 800 5,800 7,450 458, 000
99,200 | 4,620 | 26,900 ‘ 19,500,000 | 115,000 5,800 | 35,100 | 25,500,000
' | L
Discharge for year ending Dec. 31, 1908. Discharge for year ending Dec. 31, 1909.
Month. Maxi- | Mini Total i Maxi- | Mini Total
axi- ni- otal in axi- ni- otal in
mum mum. | Me8D. | gerefeet. | mum. | mum. | M®8N- | gerefeet.
January.. , 400 5,600 8,320 389, 000 31, 500 5,800 10, 000 615,000
February 45, 000 6,300 | 14,200 817,000 | 25,100 | 11,400 | 13,900 772, 000
March 7000 | 10,100 16,100 990,000 | 35,900 | 11,100 | 15,900 978, 000
35,000 | 12,900 | 17,800 | 1,060,000 | 46,800 ,300 | 30,300 | 1,800,000
33,700 | 23,000 | 27,200 | 1,670,000 | 73,900 | 32,400 | 54,100 | 3,330,000
61,700 | 30,000 | 42,900 | 2,550,000 | 149,500 | 75,100 [ 105,000 | 6,250,000
53, 800 18,900 32,600 | 2,000,000 | 133,700 34, 400 79,600 4, 890, 000
36,100 | 18,600 | 24,300 | 1,490,000 | 54,100 | 25,000 | 40,800 | 2,510,000
19, 300 7,000 [ 11,400 678,000 | 93,200 | 21,300 | 48,500 | 2,890,000
20, 600 6,600 9,510 585, 000 20, 700 11,000 14,000 861,000
10,200 6,000 8,000 481,000 | 10,900 8, 300 9,440 562,000 ,
72, 500 6,000 15, 900 978, 000 11, 900 4,100 8,410 517, 000
72, 500 5,600 | 18,900 | 13,700,000 | 149,500 4,100 | 35,800 | 26,000,000
Discharge for year ending Dec. 31, 1910. Discharge for year ending Dec. 31, 1911.
Maxi- Mini- Totalin Maxi- Mini- Total in
mum. | mum. | 480 | gerofeet. | mum. | mum. | M8D: | sere-feet.
67, 500 4,600 18,800 | 1,160,000 18,700 3,700 8,800 541,000
10, 800 8,100 9,160 509, 25,700 7,000 13,400 743,000
40, 200 7,700 24,400 | 1,500,000 34, 500 6,100 17,400 1,070,000
38,900 22, 500 28,700 | 1,710,000 25, 900 15,600 , 400 1,210, 000
70,300 40, 900 56,500 | 3,470,000 64,200 27,000 45,000 2, 760,000
69, 400 26, 500 47,000 | 2,800,000 78,300 50,300 , 200 3,820,000
25,200 6,900 14,700 904, 000 69, 000 37,800 50,100 3,080,000
13,200 6,300 9,620 592,000 46, 500 10,000 18,400 1, 130, 000
11,300 4,600 6,170 367,000 13,300 6,300 8,900 530,000
13, 500 4,300 6,980 429, 000 60, 200 7,800 28,600 1,760, 000
9, 500 6,300 7,850 , 000 19, 200 9,300 12,140 722,000
8,200 5,600 6,940 427,000 | 10,100 5,500 7, , 000
70,300 4,300 19,700 | 14, 300, 000 78,300 3,700 24,600 ( 17,800,000
Discharge for year ending Dec. 31, 1912. Discharge for year ending Dec. 31, 1913.
Maxi- Mini- Total in Maxi- Mini- Total in
mum. mum. Mean acre-feet. mum. mum. Mean. acre-feet.
8,200 3,400 5,390 331,000 6,700 2,600 3,860 238, 000
8, 800 6, 500 7,370 424, 000 7,500 5,300 6,070 337,000
24,800 7,000 13, 818, 000 11, 800 7,700 9,070 558, 000
34,700 13,700 21,100 | 1,260,000 40, 500 9,300 25,600 1, 520,000
76, 500 15, 40,800 | 2,510,000 49, 7 27,300 38,400 2, 360, 000
144, 000 57,100 | 108,000 | 6,430,000 62, 500 32,000 47, 500 2, 830,000
65,200 , 33,400 46,600 | 2,870,000 | 32,000 12,700 21,200 1, 300, 000
42, 000 11,900 22,700 1,400,000 ' 16,700 5,000 9,430 580, 000
15,000 7,500 9,780 582, 000 18, 800 4,400 8,820 525,000
20,700 ! 9, 200 11, 000 676, 000 25,000 7,200 10, 300 635,000
18, 500 8, 500 11,800 702, 000 10, 500 5,800 7,930 472,000
8,300 5,200 , 560 403, 000 8,400 4, 500 6,390 393, 000
144,000 3,400 25,300 | 18,400,000 62, 500 2,600 16,200 | 11,700,000
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Monthly discharge of Colorado River at Yuma, Ariz, for years 1902—-1920—Con tinued.
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