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‘reasons of intense interest to the peoplo of the United States.
was the home of that forgotten people of which there is almost

COLORADO RIVER AND ITS UTILIZATION.

By E. C. La Rus.

INTRODUCTION.

By Naruan C. GROVER.

Theo region traversed by the Colorado and its tributaries is for many

Here

no record oxcept tho hicroglyphics on the rocks, the ruins of their

}m.'igation systems, and the cliff dwellings_ by which they are most
-widely known; hero wore Spanish missions whoso history extends

ack nearly to tho days of Balboa and Cortez; here is the Grand
anyon, whose sublimity was first fully disclosed by Maj. Powell

-and his associates, who navigated it from end to end in 1869 and 1872;

ero are tho greatest known natural bridges, so remote and inacces-

siblo that they have only recently been discovered ; hero is the mighty

iver and its tributaries, as yot largely undeveloped, affording possi-
ties of oxtensive use for water power in its many canyons and
or irrigation in its desert valleys, which need only the life-giving
ater to make them productive and valuable. We arc intcrested
its mysteries, its traditions, its history, and its possible future;
tho fascination of its doserts, whose inuncnsity awes us; in tho

. grandour of its mountains, from the highest peaks of the Rockies on
the cast to the beautics of the Uinta and Wasatch mountains on the
“west; in the wonders of its canyons, perhaps the most famous in the

orld; in the range of its climate, from its short and cold summer
eason in Wyoming, where frosts may occur in every month of the
ear, to the subtropical temperatures of the valleys of Arizona,
here the growing season never ends.

Its high valleys contain valuable forests and its mountains exten-
ive doposits of minerals. At many points within its borders pros-
erous agricultural communitics have been established, of which
erhaps tho best known are Montrose, Grand Junction, Farmington,
hoenix, and Yuma. Tho basin is crossed by four trunk-line railroads
hich give promise that transportation facilitics will keep pace with
evelopment. :
; 9
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10 COLORADO RIVER AND ITS UTILIZATION.

" What is to be the future of this immense region? Doubtless its
forests will be utilized, its mineral wealth will be exploited, its won-}
derful scenic beauties will be unfolded. Its greatest developmen
must come, however, from its water resources, on which the develop
ment of its other resources must largely depend. Without the water
afforded by Colorado River and its tributaries this basin would remain
forever a barren desert. These rivers make possible not only the
construction of large irrigation systems and the growth of towns,
citics, and prosperous agricultural communities but also the genera-
tion of hydroeloctric power for lighting, heating, industrial uscs, a,nd
the transportation of freight and passengers. :

The United States Geological Survey began the study of tho water
resources of the basin by establishing gaging stations on Gila River
at Buttes, Ariz., in 1889. Since that time records of river discharge
have been collectod at 180 points in the basin. In the colloction of
these records and in the study of the water resources the United
- States Roclamation Service, tho Indian Office, the Forest Service,
and the Weather Burcau have cooperated. Each of these IFederal
bureaus has also made independent investigations of certain ques-
tions pertaining to the water resources. The Reclamation Service®
has investigated the available water supply for particular projects
and the feasibility of proposed works that have been more or less
definitely outlined. That service has also studied tho possibilities
of storage on the Gila, San Juan, Grand, and Green rivers, and on
the Colorado below the junction of the Grand and Green. The
Indian Office has investigated the available water, and its possible
uses on the Indian reservations in the basin. The Forest Service
has studied the water supply and possible water powers of th
national forests. The Weather Burcau has collected records
precipitation, temperature, and cvaporation at many points. I
addition the State officials, who have had the responsibility of di
tributing the water among a great number of users and of recording,’
examining, and approving water filings, have collected a mass of’
information as to the present and proposed uso of tho streams in the
basin. Much exploratory work has been donc by private parti
and corporations, irrigation and power projects have been examine
railroad routes have been surveyed, and the Grand Canyon has been
traversed by several persons and partics since Maj. Powell made the
pioneer trip. The diversion of water outside tho basin to 1rr1gat '
noarly half a million acros in the Salton Basin, the breach in tho riv
banks and the diversion of the whole flow of the river to the Salto.
Sink with the resulting danger to and loss of valuable property i
Imperial Valley, the spectacular struggle and final success of the:
Southern Pacific Co. in closing the breach and restoring the flow of tho
river to the Gulf of California, and the international questio

volved in the ]Olnt use of the river by the United States and the
epublic of Mexico have brought to the attention of the people of
e country, as well as to State and Federal officials, first one and then
nother phase of the many problems involved in tho utilization of
* Colorado River. !
.. The information relatmg to the water resources that has been col-!
lected by many agencies has nover been brought together so that a
broad view of the possible utilization of the whole river could be
btained. Mr. La Ruo has attempted the pioneer work of assembling
-the principal facts relating to the subjoct, and cspecmlly of studying
.the possibility of- controlhng ‘the flow of the whole river by means of
- storago resorvoirs in order to avoid further danger of overflow to the
‘Salton Sink and to render available for profitable use the enormous
quantity of water which now flows unused and largely unusable to
the Gulf of California in the form of floods.

In discussing the broader problems of the basin, hundreds, yes,

thousands, of the minor possibilities and even plans for expansion
have necessarily been unmentioned, though future minor develop-
ents will havo great local importance and in the aggregato con-
derable national signiﬁcanco In general such projects do not
precludo the larger use of the river but must be undertaken as part of
that larger use.
This report does not, of course, contain the last word on the
ilization of Colorado River. Additional facts will become known
at may modify the conclusions here recorded. It is hoped, how-
er, that a foundation has becn laid for future comprehensive dis-
ssion and treatment that will not ignore the cffects produced on the
esent or future utilization of the river by developments in other
arts of the basin. The importance of Colorado River to the pros-
rity of an arca extending over seven States warrants broad con-
deration and perhaps Federal assistanco not only in the construc-
on of large irrigation systems and incidental storage works, but also
the important phases of river control.
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-the northeast by a line of clifls that present a bold and in many
places vertical step, hundreds or thousands of feet high to the table-
ands above. On the California side of the river a vast desert, which
has been known as tho Colorado Descrt and more recently as the
Salton Basin, stretches northwoestward from the head of the Gulfl of
alifornia a distance of 150 miles. At one time in the geologic his-
tory of this country the Gulf of California ¢xtended a long distance
farther to the northwest, above the point where the Colorado now
enters it, but this stream brought its mud from the mountains and
hills above and bore it into the Gulf, across which it gradually crected
avast dam until tho waters on the north were separated from those on
the south. Thon tho Colorado cut a channel into thelower Gulf. The
upper waters, being cut off from the sea, gradually evaporated, and
the arca that has come to be known as the Salton Sink was the bottom
of this ancient upper gulf and thus the land is now below the level
of tho sca. On the Arizona side of the river desert plains are inter-
rupted by mountains. Far to tho cast in New Moxico are the sum-
mits of tho mountains which divide the waters of the Colorado from
thoso of tho Rio Grande. IIere the Gila—tho first important tribu-
fary of the Colorado—has its source. Somo of tho tributarics of tho
Gila risc in mountains in the Republic of Mexico, but tho river
gathers most of its waters from the great platoau to the northeast.
Its sources are everywhore in pine-clad mountains and plateaus,
but all the aflluents descend quickly into the desert valley through
which the Gila winds westward to tho Colorado. In times of con-
finued drought the bed of the Gila is dry, but the region is subject to
great and violent storms, and floods roll down from the heights with
marvelous force and rapidity, carrying devastation in their pathway.
Where the Colorado forms the boundary between California and
Arizona it cuts through a number of volcanic rocks by black yawning
yons. DBetween theso canyons the river has a low but rather nar-
row flood plain with cottonwood groves scattered here and there and a
aparral of mosquite bearing boans and thorns. A part of this desert
valley, once the most desolate region of the continent, has been so
redeemed by irrigation that it is now considered one of the most
prosperous agricultural rogions in the United States.
%At 280 miles above its mouth and 162 miles above the Gila the
Colorado has a second tributary, Bill Williams River,! which is but
muddy creeck. At 183 miles above this point Virgin River joins
e Colorado. Its sources are 7,000 or 8,000 feet above the sca, but
soon drops into a great sandy valley and becomes a river of flowing

~ States General Land Office, who gave the writer the benefit of hi
investigation of irrigation projects in western Wyoming; to Mr Gu
Sterling, consulting engineer, who furnished data regarding ' th
possibilities for power development on Green River in Utah; to ‘Mr
Charles P. Kahler, electrical engincer, Oregon Short Lino Rallr_oa.
Co., who compiled the report on requirements for power for cle?trl
cally operating railroad lines in and adjacent to the Colorado Rive
drainage basin; to Mr. J. L. Liytle, project manager, Strawberry Valle
project, United States Reclamation Service, Provo, Utah, who fur-
nished. data regarding the diversion of water from the hoa@waters 0
Strawberry and Price rivers to the Great Salt Lake basin; and
Mr. H. J. Dean, who compiled tho stream-flow data.

Tho writer feols especially indecbted to Mossrs. . II. Newel
Francis L. Sellew, and John F. Richardson, engineers of tho United
" States Reclamation Service, for the results of surveys at dam sites
in tho Colorado River basin and for suggestions regarding the storage
problems.

PIIYSICA]; FEATURES OF THE COLORADO RIVER BASIN.!

Colorado River is formed by tho junction of the Grand and the .
Green. Green River drains a larger arca than the Grand and is con
sidered tho upper continuation of tho Colorado. Including the:
Green the river is about 1,700 miles long.

Green River hoads near Fromont Peak in the Wind River Mou
tains, in a group of alpine lakes fod by overlasting Snows. Th
source of Grand River is in tho Rocky Mountains 5 or 6 miles we
of Longs Peak. Like tho Green, it is fed by a group of little alpin
lakes that receive their waters directly from perpetual snow banks.

‘When the summer comes this snow melts and tumbles down the mountain sides in,
millionsof cascades. A million cascade brooks unite to form a thousand torrent creek
a thousand torrent creeks unite to form half a hundred rivers beset with catarac
half a hundred roaring rivers unite to form the Colorado which flows, a mad, turbid
stream, into the Gulf of California. '

The mouth of the Colorado is in latitude 31° 53’ and longitud
115°. The source of the Green is in latitude 43° 15’ and longitu
109° 54’ approximately. The region of country drained by the!
Colorado and its tributaries is about 800 miles long, from 300 to 500
miles wide, and comprises 244,000 square miles, an arca ncarly as lar,
as Minnesota, Wisconsin, Iowa, Illinois, and Missouri, combm'cd:

The region comprises two arcas that aro topographically distine
The lower third of the basin is in general clevation but littlo abo
the level of the sea, though here and there ranges of mountains r
to altitudes of 2,000 to 6,000 fect. This part of the valley is bound

! The United States Geographic Board has decided that this stream shall be called Williams River.

1 Abstracted from Powell, J. W., Canyons of the Colorado, Chapter I, pp. 17-37, The Chauta; i
Century Press, 1895,
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;_'In ordmary stages 11} i very w1de but very sha,llow, rlpphn

: Asand :
‘over the ‘quicksands in tawny waves.” - ¢
The country lying on both sides of the Colorado for 600 miles o
its course above the Gulf of California, strotching to the Salton basin
on the west and to the highlands where tho Gila heads on the east,
is one of singular characteristics. The plains and valloys aro low,
arid, hot, and naked, and the mountains scattered here and there
are lone and dosolate. The springs are so few that their names
are household words in overy Indian rancheria and every scttler’s
home, and there are no streams but the trunk of the Colorado and tho
trunk of the Gila. On the mountains a few junipers and pifions aro 3
‘ found, and cactuscs, agave, and yuccas, {leshy plants with bayonots 3
{ and thorns. There arc no forests, no meadows, no green hills, no
i foliago, but clublike stems of plants armed with stilottos and bear-
ing gorgeous flowers.

Tho desert valley of the Colorado, which has been described as dis-
tinct from the plateau region above, is the home of many Indian tribes. 3
Thoe area at the sources of the Gila, where pines and cedars grow and
whero crecks and valleys aro found, is a part of the Apacho land. In
tho lower valloy of thoe Gila, the Pimas, Maricopas, and Papagos,
skilled agriculturists cultivate lands by irrigation. In the same
, rogion are many ruined villages. Tho dwellings of these towns in
1B the valley were built chmﬂy of adobe, and the fragments of tho
¥ ancient pucblos have stood through centurics of storm. Other
pucblos necar the cliffs on the northcast, wore built of stono. The
people who occupied them cultivated the soil by irrigation and
built canals scores of miles in length and COllsLlUCf;bd resCrvoirs
to store water. They were skilled workers in pottery. From tho
fibers of some of the desert plants they made fabrics with which
to clothe themselves and they cultivated cotton. Still farther to
the north the Chemchuevi lived partly along the river and partly
in tho mountains to tho west, where a few springs aroc found. The §
Pimas, Maricopas, and Papagos were among tho most advanced tribes 1
found in the United States. The Chemchuevi were among the very
: Jowest. Thoy arc the original ¢ Digger Indians,” called so by all the §
} other tribes. ‘ :

The low desert with its mountains which has thus been described §
, is separated from the upper region of plateau by a complicated
| and irregular line of cliffs facing to the southwest. Tho different §
i parts of this cliff have been named by the peoplo living below as |
- distinct mounbmns, but all rise to the summit of the same greab
plateau region.

The upper region, extending to above the junction of the Green and
the Grand, constitutes the great plateau province. These plateaus §
are drained by Colorado River and its tributarics, the castern and

WATER-SUPPLY PAPER 395 PLATE!

GRAND CANYON OF THE COLORADO AT THE FOOT OF TOROWEAP, LOOKING EAST.

g
]
1

U. 8. GEOLOGICAL SURVEY




T
P

Il

e - AN i i RS ¢+

e,

S I .. 1 R, s At
" ?

Y

PHYSICAL FEATURES OF THE COLORADO RIVER BASIN. 15

uthern margin by the Rio Grande and its tributaries, and the west-
n by streams that flow into the Great Basin and arc lost in Great
alt Lake and other bodies of water that have no outlet to the sca.
he gencral surface of this upper region is 5,000 to 8,000 feet above
ses lovel, though the channels of the stream are commonly much

lower. :

For more than a thousand miles along its course the Colorado has
cut for itself a deep, narrow gorge or canyon, but at some points where
teral streams join it the canyon is broken and these narrow trans-
erse valleys divide it into a series of canyons.  Virgin, Kanab, Paria,
scalante, I'remont, San Rafael, Price, and Duchesne rivers on the
est, and tho Little Colorado, San Juan, Grand, White, and Ydmpa.
tho cast have also cut out for themselves narrow, winding gorges

.or deep canyons. Every river entering these has cut another canyon;

every lateral creck has cut a canyon; overy brook runs in a canyon;

S0 that much of the upper part of the basin of the Colorado is traversed

by a labyrinth of these deep gorges. The longest unbroken canyon
gthrough which the Colorado runs is that between the mouth of the
Paria and the Grand Wash, a distance of 284 miles. (See Pls. I and
1 B.)  All the scenic foatures of this canyon are on a giant scale.

The streams run at depths almost inaccessible.  Low plateaus, dry and
eeless, stretch back from the brink of the canyon. In some places
e country rock is composed of richly colored and variegated marls,
d here the surface is a bed of loose, disintegrated material through

B

Ewhich one walks as in a bed of ashes. In other places the country

is a soft sandstone, the disintegration of which has left broad
tches of drifting sand, white, golden, and vermilion. Where this
dstone is a conglomerate a paving of pebbles has been left—a
aic of many colors, polished by the drifting sands, glistening in the
ight.
ter the canyons the most remarkable features of the country are
long lines of cliffs, scores or hundreds of miles in length—great
graphic steps, many of which are hundreds or thousands of feet in
ight—prosenting steep faces of rock, in places vertical. After one
s climbed one of these steps he may descend by a gentle, perhaps

imperceptible slope to the foot of another. Intermittent streams

ing down the cliffs have cut many canyons or canyon valleys by
h‘the traveler may pass from the plain below to the terrace
fabove.
The region is further diversified by short ranges of cruptive moun-
ins. A vast system of fissures—huge cracks in the rocks to the
pths below—once extended across the country. From these crevices
00ds of lava have poured, covering mesas and tablelands with sheets
black basalt.” Huge cinder cones—red, brown, and black—naked
egotation, stand along tho fissures, and, in contrast to the bright
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variegated. sedimentary rocks, associated with them, they: form 'con
spicuous landmarks. These canyons, obstructing cliffs, and -desert?
wastes long prevented travelers from penetrating the country, so
that it was almost unknown until the early fifties, though parts of it
had been traversed by Spanish adventurers as well as by priests who
sought to convert the Indian tribes to Christianity, but even in the
carlier days enough had been seen to foment rumor, and many won-
derful stories were told in hunter’s cabin and prospector’s camp—
storics of parties entering the gorge in boats and being carried down
with fearful velocity into whirlpools where all were overwhelmed in
the abyss of waters, and stories of underground passages for the great
river into which boats had passed never to be scen again. It was
currently believed that the river was lost under the rocks for several
hundred miles.

The Indians too have woven the mysterics of the canyons into the myths of their
religion. Long ago there was a great and wise chief who mourned the death of his wife
and would not be comforted, until Tavwoats, onc of the Indian gods, came to him and
told him his wife was in a happier land, and offered to take him there that he might
see for himself if upon his return he would cease to mourn. The great chief promised.

-Then Tavwoats made a trail through the mountains that intervene between that :
beautiful land, the balmy region of the great West, and this, the desert home of the;
poor Numa. - This trail was the canyon gorge of the Colorado. . Through it he led him;
and when they had returned the deity exacted from the chief a promise that he would;
tell no one of the trail. Then he rolled a river into the gorge, a mad, raging stream,
that should engulf any that might attempt to enter thereby.!

4. SOCKDOLOGER RAPIDS, GRAND CANYON OF THE COLORADO.

EXPLORATIONS.?

The history of exploration of the basin of the Colorado is replete
with accounts of interesting and romantic incidents, with discoveries,
starvations, battles, massacres, and lonely, dangerous journeys. A
brief outline of the more important events, arranged in chronologic
order, is here presented.

1531. As carly as 1531 vague rumors were current of a large river, the mouth of which
was closed by a cable stretched across from side to side.

1539. Francisco de Ulloa sailed from Acapulco July 8, 1539, with a fleet of three
vessels, and after many difficulties reached shallow water at the head of the
Sea of Cortes (now known as the Gulf of California). Thisscems to have been
the first visit of Europeans to the mouth of the Colorado. Ulloa did not sce
the river but surmised that one might be there.

1540. Hernando de Alarcén sailed in May, 1540, to explore the region north of New
Spain, and at last reached the head of the Sca of Cortes. Ile says: “And it
pleased God that after this sort we came to the very bottom of the bay, where
we found a very mighty river, which ran with so great fury of a stream that
we could hardly sail against it.”’ 3 Ilere began the acquaintance of Euro-
peans with the river now known as the Colorado of the West.  Alarcén pro-
cceded up the Colorado in small boats to a point about 100 miles above the
mouth of Gila River.

1 Powell, J. W., op. cit., pp. 35-37.

2 Information given under this heading was obtained largely from Dellenbaugh, F. S., The romance
of tho Colorado River, New York, 1902,
2 Spelling modernizod.

B. GRAND CANYON OF THE COLORADO AT THE FOOT OF TOROWEAP, LOOKING WEST.
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."Melchior Diaz, in the fall of 1540, explored the Colorado and surrounding country

/in the vicinity of the Chocolate Mountains. At about the same time (1542)
Don Lépez de Cirdenas discovered the Grand Canyon. The canyons of the
river, however, remained unexplored for 329 years thereafter—until 1869.

. Don Juan de Oiiate, governor of New Mexico, made a trip from the village qf
San Juan on the Rio Grande to the Colorado in the vicinity of Williams River
and went down the Colorado to the Gulf. !

. Zalvidar, with Padre Jimfnez and 47 soldiers, went out to Moki and thence to the
Rio de Buena Esperanza (Colorado River), but they evidently encountered
Marble Canyon and soon returned. '

680 to 1711. Padre Eusibio Francisco Kino,! an Austrian by birth and a member of

the Jesuit order, made many journeys over the whole of northern Sonora and

the southern half of Arizona, then comprising the Pimeria Alta, the upper
land of Pimas, and Papagueria, the land of Papagos. Mis base of explora-

tions was the mission of Dolores, which he established in Sonora in 1687.

For some 30 years Kino labored in this field with tireless energy.

744. Padre Jacobo Sedelmair went down the Gila from Casa Grande to the great bend,

and thence across to the Colorado at about the mouth of Williams River, but

his journey was no more fruitful than those of his predecessors in the last two

: centuries.

768-1776. Francisco Garcés made five expeditions. The first was made in 1768 and

the second in 1770, but in these journeys he did not reach the Colorado. In

the third, in 1771, he went down the Gila to the Colorado and descended the

Colorado along its banks, possibly to the mouth. In the fourth, in 1774, he

went with Capt. Anza to the Colorado and to the Mission of San Gabriel in

California near Los Angeles. 1In his fifth and most important expedition, in

1775-76, he again accompanied Capt.- Anza, who was bound for the present

site of San Francisco there to establish a mission. At Yuma Garcés left the

Anza party, went down to the mouth of the Colorado, and then up along the

river to Mohave, and after another trip out to San Gabriel he started on the

most important part of all his journeys from Mohave to the Moki towns, the
objective point of all expeditions eastward from the Colorado., Leaving

Mohave June 4, 1776, Garcés struck castward across Arizona and passed near

the rim of the Grand Canyon, though he did not then see it, Garcés found

his way down to the Little Colorado by means of a side canyon and got up
again on the other side in the same way., OnJ uly 2 he arrived at the pueblo
of Oraibi. The natives refused to allow him to remain at Oraibi and he left
onJuly4. Iereached the Colorado again July 25, his journey having proved
. absolutely fruitless so far as missionary work was concerned, and he arrived
i+ at his mission of Bac, September 17, 1776. ‘
6. On July 29; 1776, another even greater expedition was begun at Santa Fe by the |

Fray Padre Francisco Silvestre Vélez Escalante, in his search for a route to L

Monterey. Escalante believed a better road existed to Monterey by way of i

; the north than by the middle route, and a further incentive to journey that 8

i way was probably the rumors of large towns in that direction. '

The party went by way of Abiquiu and Chama River and reached the San

Juan about where it first meets the north line of New Mexico; thence they

crossed several tributaries to the head of Dolores River, which they descended i

¢ for 11 days. The party made its way across Grand River, the Book v B

Plateau, and White River, to the Green (called the San Buenaventura), which sy

was forded apparently near the foot of Split Mountain Canyon. Following

8

T gpe o

1 Sﬁéllod also Kiihn, Kiihne, Quino, and in several other ways. Dellenbaugh (op. cit., p. 80) says that . A
bhn or Kiihne is probably the correct form, but long usage gives preference to Kino. T
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. ... the course of the river down:some 10 leagues, they went up the Uinta (no
«.:...called Duchesne) and finally. crossed the Wasatch Range, coming down the3
(. - western side, evidently by way of what is now known as Spanish Fork, tog
TUtah Lake, then called by the natives Timpanogos. Ilere they heard of a3
greater lake to the north, but instead of seeking it they turned southwesterly

in what they considered the direction of Monterey through Sevier River;
valley, calling the Sevicr the Santa Isabel, and kept down along the west-

ern edge of the high plateaus. It was by this time tho 7th of October, and’
Escalante concluded that it would be impossible to reach Monterey beforo;
winter set in; he therefore persuaded his companions that it would b ;

best to strike for the Moki towns in Arizona. , -

Going on southward past what is now Parowan, they came to the head-’

waters of a branch of the Virgin, in Cedar Valley, and this they followed

down to the main stream, which they left flowing southwesterly. The place

where they turned from it was probably about at Toquerville. Trying to.

make their general course southeast, they passed over the country now known

as Kanab, Ninemile Valley, Kaibab Plateau, Horse Rock Valley, and Ver-
.milion Cliffs, and at length struck the Colorado at Marble Canyon. Twice

* they succeeded in descending to the river but were unable to cross. On’
November 8, 1776, they reached the ford now known as the Crossing of the
Fathers, about 35 miles north of Lee Ferry, a few miles north of the Utah-§
Arizona State line. From this crossing to the Moki towns Escalante had

- .a plain trail, and on reaching Santa 1’e ho and his party had completed a
circuit of more than 1,500 miles, mainly through unknown country. Thisis

. one of the most remarkable explorations ever carried out in the West. :
1779-1781. The authorities, importuned by Capt. Palma, the Yuma chief whose
devotions and piety had so delighted Garcés, had decided to establish on th

Lower Colorado two nondescript settlements, a sort of cross between mission,
pueblo, and presidio. Garcés therefore went to Yuma again in 1779 to
prepare the way, and in 1780 two of the hybrid affairs were started. One,

at what is now Fort Yuma, was called Puerto de la Purfsima Concepcién,§

after the little canyon near by which had beenso named by Garcés, a canyon§

50 feet deep and 1,000 {eet long; the other, about 8 miles down, was called§

San Pedro y San Pablo de Bicuner. There were four padres; Garcés and
Barraneche at the upper station and Dfaz and Moreno at the lower. Each

place had 8 or 10 soldiers, a few colonists, and a few laborers.  The Spaniards

were obliged to appropriate some of the best lands to till for the support of the

_ missions, and this fact, together with the general poverty of the establishmentsg

when he had expected something fine, disgusted Palma and exasperated

and the other Yumas. In June, 1781, Capt. Moncada, lieutenant governot§

of Lower California, arrived with soldicrs and recruits en route for Californiag
gettlements and encamped opposite Yuma. After some of these people had 3

been sent forward or back as the plans demanded, Moncada remained at thej

camp with a few of his soldiers. On the 17th of July, without a sign pres;
liminary to the execution of their wrath, Capt. Palma and all his band;

threw piety to the winds and annihilated with clubs Moncada’s camp and$

most of the men in the two missions. Garcés, who had never been tog

Palma and his people anything but a kind and generous friend, and his assiste

ant, Barraneche, were at first spared, but the rabble declared these two were

the’ worst of all, and under this pressure Palma yielded. The military§
expeditions sent to avenge the massacre were unsuccessful and the missions;

on the Colorado were ended. Nearly half a century passed before the face off

- white man was again seen at the mouth of the river.

1808. Two years after the return of the famous Lewis and Clark expedition Androvsg
Henry crossed over the south passinto the valley of Green River in Wyoming3
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1824. Gen. William Henry Ashley having previously organized a fur-trading company

in S.t. Louis, th.en the center of all western commerce, had established him-
self in Green River valley with a large band of expert trappers.

825. In 1825 Ashley had established a camp at the mouth of Uenrys Fork, near

Flaming Gorge. During this year Ashley and his party constructed boats t
go down the Green for the purpose of trapping beaver. The trip was success’-)
ful .through Flaming Gorge and Ilorseshoe Canyon, but in Red Canyor‘x
their 1'>oats were wrecked in a cataract now known as Ashley Falls, Ashley
and his party left the river at Browns Park. This was, no doubt, the first
attempt to navigate Green River. T ’

2 825 to 1839. During this period the Colorado basin was visited by many trappers and -

explorers. Some of the most prominent were James O. Pattie and hi

(1825), R. W. II. Hardy (1826), Jedediah Smith (1826), Kit Carson(f (})1::3’;‘)1; :l}(:::

greatesf, scouts and trappers (1826), Lwing Young, trapper (1827), William

Wollskill (1830), Capt. Bonneville (1832), and Thomas J. Farnham’( 1839)
By the time the third decade of the nincteenth century was fairfy thv.un

the trfxppers were crossing in considerable numbers from the headwaterg of

the Missouri and the Platte into the valleys of the Colorado and the Columbia.,

840. By the year 1840 the great western wilderness had been traversed throughout

by Americans, Only the canyons of the Colorado remained, at least below

the mouth of Grand River, almost as much of a problem as before the fur
trade was born.

842. In 1842 Frémont came up the North Platic and Sweetwater Branch, crossing

from that stream by the South Pass over to the headwaters of the Colorado.

i;rigzcht’s cxplorations of the Colorado and the West covered the period 1842

; 1847 t0 1852. In 1847 the Mormons crossed the Colorado River basin and settled

in ;'Salt Lake Valley. In 1849 the discovery of gold in California led many
emigrants to cross the Colorado River basin. In 1851 Fort Yuma was estab-

. lished. According to Lieut. Ilobbs, the first steamboat came up the Colorado

to Yl}mfx in 1850, frightening the Yumas so that they ran for their lives
cxclaiming that the devil was coming, blowing fire and smoke out of hif,;
eyes and nose and kicking back with his feet in the water. This was the
stern-wheel steamboat Yuma, which evidently antedated the Uncle Sam.
usually credited with being the first steamboat on the Colorado. In 1851’

g}veorg(;l(; A. Johnson came to the mouth of the Colorado on the schooner Sierra
evada.

857. Lieut. Ives with the steamboat Erplorer and Capt. Johnson with the steam-

boat:. C(_)lortft,io navig:?,ted Colorado River to a point called ‘“‘the head of
navigation.”” The h‘lghest point reached by Lieut. Ives was Vegas Wash;
Capt. Johnson took his boat to a point several miles above Vegas Wash. ,

1859. During the year 1859 Capt. Macomb was sent to examine the junction of the

Green and Grand. For a considerable distance he followed from Santa Fe
almost the same trail that Escalante had traveled 83 years previously. Dr
J. 8. Nevc:berry, the eminent geologist, who had been with Lieut. Ives Wa,s;
one of this party. Macomb and Newberry succeeded in forcing their’ way

\l:)vit.}llin 6 miles of the junction, there to be completely baffled and turned
ack.

66. In 1866 another attempt was made to navigate the Colorado above Mohave.

Capt. Rogers, who for four years had been on the Lower Colorado, took the
steam.boa.t Esmeralda, 97 feet long and drawing 34 feet of water u{) as far as
C.allvﬂle, near the mouth of the Virgin, which was several mil’es above the
highest point attained by Ives in his skiff, but little if any farther than
Johnson had come with his stcamboat.
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1868. During the winter of 1868 and 1869 Maj. John Wesley Powell made several i§
... .iimportant journeys in connection with his purpose of exploring:the grea
- walled river; one was southward as far as Grand River; a second followe
White River to its junction with the Green; and a third went northwar

around the base of Uinta Mountains, skirting the gorges afterward named

Lodore, Whirlpool, and Red Canyon. In these travels he formed his plan

for an attempt to explore fully the remarkable string of chasms. TFunds fo

* the proposed expedition were furnished by the State institutions of Illinois 3

and the Chicago Academy of Sciences—none by the Federal Government, s

that this was in no way a Government expedition, except that Congres

passed a joint resolution authorizing him to draw rations.for 12 men from

western Army posts. :

1869. On May 24, 1869, Maj. Powell and his party left Green River, Wyo., on thei

i voyage down the Green and the Colorado to the mouth of the Virgin. There ;

‘ : were 12 men in the party; three of the four boats were of oak, 21 feet long, and §

§ ’ one was of light pine, 16 feet long. During the last week in August, Powell :

reached his goal, the mouth of Virgin River. Here he left the party, but th

others continued down the river to the Gulf, which they reached before th

18 - end of September, 1869. Although Powell had demonstrated the possi- i

il bility of passing alive through the 1,000-mile stretch of canyons on tho Green il
i and the Colorado, the scientific results of his hazardous voyage were not
what he desired. Owing to numerous disasters many instruments had been
lost and he had been prevented by this as well as many other circumstancos
from fully accomplishing his intentions. For this reason he determined to 3
make another descent if he could obtain pecuniary aid from the Government,

) Congress appropriated a sum for a sccond expedition.

1871. On May 22, 1871, Powell left Green River, Wyo., on his second voyage down
the Green and the Colorado. This voyage of exploration of the canyons on
the main stream and its tributaries was completed to Lee Ferry in the secon
week of October. Lee Ferry is at the mouth of Paria River, at the head o
Marble Canyon, in Arizona. Here the boats were cached and the part
spent the winter in the vicinity of Kanab.

1871. While the Powell party was making its second voyage down the Green and th

: Colorado another expedition was being made up the Colorado. Licut
Wheeler, topographical engineer of the War Department, started from Fort 3
Mohave September 16, 1871, to explore the Colorado to the mouth of Diamond §
Creck, which he reached October 22. It required four weeks of extremely §
hard work to make the voyage up the Colorado from Fort Mohave to the'§
mouth of Diamond Creek, whereas members of the party made the tri
from the mouth of Diamond Creek to I'ort Mohave in five days.

1872. On August 17, 1872, Maj. Powell returned to his boats at the mouth of the Paria
and started on his second voyage through the Grand Canyon. On reachin
the mouth of Kanab Creek, Powell decided to end the river work on accoun
of the extreme high water, which made the rapids in the second granite gorg
impassable. The topographic, geologic, and geodetic work of the surveyg
did not cease with his departure from the river but was continued in th
territory adjacent to the Grand Canyon.

1877. The Southern Pacific Railroad was completed to the Colorado at Yuma, Ariz.,
in 1877. '

1883. The Atlantic & Pacific Railroad crossed the Colorado at Needles in 1883. The
Rio Grande Western crossed the Green in Gunnison Valley, Utah, in 1883;%
the Union Pacific had been constructed to Green River, Wyo., in 1869.

1889. A new railroad was proposed from Grand Junction, Colo., down the Colorado

through the canyons to the Gulf of California, a distance of 1,200 miles. A

that time it was difficult to procure coal on the Pacific coast and it was though
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that this “water-level” road, crossing no mountains, would be profitable in
bringing the coal from Colorado to the Golden Gate. A company was organ-
ized with Frank M. Brown as its president, and surveys were started as the
preliminary to the construction of the Denver, Colorado Canyon & Pacific
Railway. Brown and his party started from Green River, Utah, on May 25, |
1889, to continue the railroad survey down the Colorado, the survey down
the Grand having been completed to its mouth. The chief engineer of the'
proposed railroad was Robert Brewster Stanton. The difficulties encountered
in conducting the surveys through Cataract Canyon were enormous. The
line was carried to the mouth of the Paria. Boats were not suitable for the
river work, and it was decided not to attempt to carry the railroad survey into
Marble Canyon. A reconnaissance investigation of this canyon, however,
was attempted, and just below the Soap Creek Rapids, in Marble Canyon,
Brown, the president of the railroad company, was drowned. A few days
later two other members of the party were lost in the river. Thissecond disag-
ter caused Stanton to resolve to leave the river. The remaining members of
the party climbed from Marble Canyon at the point known as Veseys Paradise.
On July 19, 1889, the party reached the surface of the country, 2,500 feet above
the river. By November 25, 1889, Stanton had organized a new party to
continue the railroad survey. The trip through the lower canyons on the
Colorado was completed March 17, 1890.

1891-1894. Since the Stanton party several successful and unsuccessful descents have

been made. The first was the ‘“Best party,” representing the Colorado,
Grand Canyon & Improvement Co., with eight men and two boats similar to
those used by Stanton on his second voyage. The expedition left Green
River, Utah, July 10, 1891. The trip was successful to Lee Ferry. No men
were lost. The expedition was abandoned at this point.

In 1891 the steam launch Major Powell, 35 feet long, equipped with two 6-
horsepower engines driving twin screws, was brought out in the summer from
Chicago by way of Rio Grande Western Railway to the crossing of Green
River and was launched in September of that year. A screw was soon broken
and the attempt to go down the river abandoned. In 1892 another effort was
made, which was also given up after a few miles, but in 1893 the Major
Powell was taken down to the junction of the Green and Grand and back,
making a second trip in April. Several other steamboats were later put on
the river, the Undine being the most pretentious. She was wrecked trying
to run upstream on Grand River above Moab. In 1894 Lieut. C. L. Potter
made a successful voyage from Diamond Creek to the mouth of the Virgin.

1895. September 20, 1895, N. Galloway and William Richmond started from Green

River, Wyo., and made the trip to Lee Ferry in flat-bottomed boats. In
September, 1896, they started again from Henry Fork, Wyo., and went to
the Needles, reaching there February 10,1897. Since that time Galloway has
made several successful descents.

1896. In August, 1896, George I'. Flavell and a companion left Green River, Wyo.,

and successfully descended the Colorado to Yuma, Ariz., in flat-bottomed
boats, reaching there December, 1896.

1907. In 1907 three miners, Charles Russell, E. R. Monett, and Albert Loper, with

three steel boats, each 16 feet long, left Green River, Utah, September 20,
to make the descent. Loper and one damaged boat were left at Hite, near
the mouth of Fremont River, while Russell and Monett proceeded. In the
beginning of the Grand Canyon they lost a boat, but with the remaining one,
after various disasters, finally made their exit from the Grand Canyon Janu-
ary 31, 1908. Their boats of steel were unsuited to the river work.
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1909. Julius F. Stone and N. Galloway left Green River, Wyo., September 12, 1909
* making a successful. descent through the many canyons of the Green an
. the Colorado. St
1911. September 8, 1911, L‘llsworth and Dmery Kolb left Green Rwer, Wyo., on
photographic trip down the Green and the Colorado. The trip was a complete:
success. Interesting pictures were obtained, many of which showed the party.
shooting various rapids. The Kolbs landed at Needles January 18, 1912.

Although many successful descents have been made through the
canyons of Green and Colorado rivers the dangers of such a trip
must not be overlooked. In making this trip at the present time it

is necessary to take every precaution to make sure that the equxpment 3

is complete. No pains should be spared in providing the proper kind. ;
of boats. Life preservers should- be provxded and even at the

present time, with the settlements along the river, care should be

taken to provide suflicient food.

POPULATION.

An estimate of the population of the Colorado River basin in 1915
and a list of the prmc1pal cities aro presented in tho following tables::

Estimated population in Colorado River basin, 1915.

Arizona......... ...l 200,000 | Wyoming............ooooanin.n 30, 000
Colorado. . ...l 127,000 | Nevada..ooononnononiiia.. 7,000
Utah................ feeeneeaas 47,000 | California. .................... 2,000 °
New Memco .................... 44,000 | Mexicoo..ooooiiiaiaiaaan..
Populatwn of important cities in Colorado River basin, 1910.
Tucson, Ariz.....c..co..o ... 13,193 | Gallup, N. Mex.................
Phoenix, Ariz............ weev... 11,134 | Silverton, Colo..eeeoeeennan...
Grand Junction, Colo...... P 7,754 | Glenwood Springs, Colo..........
Globe, Ariz........... s 7,083 | Telluride, Colo. ................
Rock Springs, Wyo............. 5,778 | St. George, Utah................
Prescott, Atiz................... 5,092 | Ouray, Colo.............oo ..
Morenci, Ariz. .. .... ... ... .. 5,010 [ Green River, Wyo...............
Clifton, Ariz...... e 4,874 | Las Vegas, Nev.................
Durango, Colo. -...cooauion.. . 4,686 | Steamboat Springs, Colo........ .
Nogales, Ariz................... 3,514 | Gunnison, Colo. .. .. .. ......
Yuma, Ariz. . .............. vee. 2,914 | Price, Utah.............coc.....
Lowell, Ariz.................... 2,500 | Fruita, Colo....................
Jerome, Ariz.................... 2,394 | Kemmerer, Wyo................ .
Wmslow, Ariz. . ... ....oilll. 2, 381 ) ’

COMPARISON WITII THE BASIN OF 'THE NILE. .

By the deposition of silt each river has built up a delta cone at its
mouth. The soil of the deltas is exceedingly fertile and wonderful

>
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crops can be grown. The climate of the Nile Valley is similar to
B that of tho valley of the lower Colorado. The precipitation is small
: and crops can not be raised without irrigation. Every kind of crop
§ grown in the valley of the Nile in Egypt can be grown in the region
of the lower Colorado. :

The principal crops in the lower Colorado region, including Imperial !
Valley, are cotton, alfalfa, barley, corn, and melons Dates are also
b grown succcssfully mn Impcrml Valley.

Comparison of the Nile! and the Colorado.

Total arca of the Nile basin.................. square miles.. 1,112,000
Total area of the Colorado River basin. . ............do.... 244, 000
Length of the Nile (source of Kagera tosea)......... miles. . 3, 946
Length of the Colorado (source of Green to Guif)...... do.... 1, 700
Total fall in the Nile (source to mouth)............... feet.. 6, 600
Total fall in the Colorado (source to mouth). .. ......do.... 14, 000
Irrigable arca of Nile Valley in Egypt............... acres.. G, 663,000
Irrigable area of the Colorado below Virgin River?...do. ... 2, 734, 000
Arca irrigated in Nile Valley in Egypt in 1913........ do.. 5,351, 000
Arca 1mgatcd in Colorado River basin below Virgin vaer 2

I I013. do.... 367,000

Mean annual run-off of the Nile at Cairo, Egypt. .acre-fcet. . 68, 000, 000
Mean annual run-off of the Colorado at Yuma, Ariz...do.... 17, 000, 000

Principal crops grown in valley of the Nile in Egypt3

. WINTER SEASON.
Acres.
Clover (about)..... ... oo i 1, 400, 000

Wheat (about)......oo.o.o 1, 250, 000
Beans (about)

.......................................... 1, 700, 000

‘ The most valuable tree in the country is the date palm of which
ithere are 6,000,000 bcarmg fruit.” Of these 4,200,000 are in Upper
Egypt and 1,800,000 in Lower Egypt.

! Willcocks, William, The Nile in 1904.
% Areas in the Gila and Williams River basins excluded.
* Willcocks, William, and Craig, J. 1., Egyptian irrigation, vol. 1, p. 110, 1913.
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. WATER SUPPLY.
GA.GING STATIONS

The Geologlcal Survey has maintained in the basin of Colorado'
River the gagmg stations named in the following list. Tho stutlogs
are arranged in downstream order. The main stem of the river is
determined by measuring or estimating its drainage arca—that is,
the headwater stream whose drainage area is largcst is considered the
continuation of the main stream, and local changes in name and lake

i - surface are disregarded. All stations from the source to the mouth °

: of the main stem of the river are presented first, and those on the

1 tributaries in regular order from source to mouth follow, the stroams

; in cach tributary basin being listed before those of the next basin |

; below. ;
(:] " Nore.—Dash after a date indicates that statlon was being maintained Sept. 30, 1915. Period after a ;
| date indicates discontinuance. ;
: ]H ) Green River (head of Colorado River), near Kendall, Wyo., 1910-1912.

:g ; Green River near Daniel, Wyo., 1915-

% | Green River at Green River, Wyo., 1895-1906; 1915.

Green River near Bridgeport, Utah, 1911-
Green River at Jensen, near Vernal, Utah, 1903-1906; 1914~
Green River at Ouray, Utah, 1904-5; 1913-1915.
Green River at Green River (formerly Blake), Utah, ]894—1899 ; 1905-1911.
. Green River at Little Valley near Green River, Utah, 1910~
g ” s Colorado River at Bulls Head, near Mohave, Ariz., 1902-3.
RU Colorado River at Hardyville, Ariz., 1005-1907. .
i Colorado River at Yuma, Ariz., 1891-
‘L Horse Creek at Daniel, Wyo., 1915— .
. ” B Cottonwood Creek near Marbleton, Wyo., 1915-
‘8 New Fork (head of East Iork) at Pinedale Crossing, near Cora Wyo., 1905.
{ | . New Fork at Alexanders ranch, near Cora, Wyo., 1910-11.
- New Fork near Boulder, Wyo,, 1915
: ” ~ East Fork at Newfork, Wyo., 1905-6; 1915-
) Pine Creek near Pinedale, Wyo., 1904-1906; 1910-1912; 1915
: Pole Creek near Fayette, Wyo., 1904-1906.
3 Pole Creek near Pinedale, Wyo., 1910. .
i TFall Creek at Fayette, Wyo., 1904-5.
§ Boulder Creek near Boulder (Newfork), Wyo., 1904-1906; 1915-
g North Piney Creek near Marbleton, Wyo., 1915~
B . Middle Piney Creek near Marbleton, Wyo., 1915-
g‘ " La Barge Creek at La Barge, Wyo., 1915—
: Fontenelle Creek near Fontenelle, Wyo., 1915-
g Big Sandy Creek at Leckies ranch, near Big Sandy, Wyo., 1910
Big Sandy Creek near Eden, Wyo., 1911~

; Big Sandy Creek near Farson, Wyo., 1915

Dutch Jo Creek at Dutch Jo Ranger station, near Big Sandy, Wyo. 19111912

Bquaw Creek near Big S8andy, Wyo., 1911-1912.
. Little Sandy Creck near Eden, Wyo., 1911-12.

Blacks Fork near Urie, Wyo., 1913~

Blacks Fork above Hams Fork, near Granger, Wyo., 1896-7.
Blacks Fork below Hams Fork, at Granger, Wyo., 1897-1900.
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Colorado River tributaries—Continued.

Beaver Creek at Myer’s ranch, near Ladore, Colo., 1910-11.
Vermilion Cieek at Bassett’s ranch, near Ladore, Colo., 1910-11.
Yampa River at Yampa, Colo., 1910-1913.
Yampa River at Steamboat Springs, Colo., 1904-1906; 1910-1913.
Yampa River at Craig, Colo., 1901-2; 1904-1906; 1910-1913. !
Yampa River near Maybell, Colo., 1904-5; 1910-1912. !
Terrible Creck:
Trout Creck at Pinnacle, Colo., 1910-11.
Soda Creck at Steamboat Springs, Colo., 1910-11.
Elk River at Hinman Park, Colo., 1912-13.
Elk River near Clark, Colo., 1910-1913.
Elk River near Trull, Colo., 1904-190G; 1910-1913.
Mad Creek near Steamboat Springs, Colo., 1912-13.
Sage Creek:
Fish Creek at Dunkley, Colo., 1910-11.
Elk Iead Creek near Craig, Colo., 1906; 1910-1913.
Tortification Creek at Craig, Colo., 1905-6; 1910-1913.
Williams Fork near Pyramid, Colo., 1910-11.
Williams Fork at Ilamilton, Colo., 1904-1906; 1910~
Milk Creck near Axial, Colo., 1904-5.
Little Snake River [Middie Fork] near Battle Creek, Colo., 1912-13.
Little Snake River at Dixon, Wyo., 1910-1913.
Little Snake River near Maybell, Colo., 1904.
South Fork of Little Snake River ncar Battle Creek, Colo., 1912-13.
Slater Creek at Baxter ranch, near Slater, Colo., 1912-13.
Slater Creek near Slater, Colo., 1910-1912.
Beaver Creek:
Willow Creek near Baggs, Wyo., 1912-13.
Tourmile Creek near Baggs, Wyo., 1912-13.
Ashley Creek above Dry Fork, near Vernal, Utah, 1911-
Ashley Creck below Dry Fork, near Vernal, Utah, 1900-1904; 1911-
Dry Fork of Ashley Creek at Vernal, Utah, 1904.
Vernal Milling & Lighting Co.’s canal at Vernal, Utah, 1913-14.
North Fork of Diichesne River (head of Duchesne River), above Forks, Utah, 1904.
Duchesne River at Myton, Utah, 1899~
West Fork of Duchesne River above Forks, Utah, 1904.
Rock Creek (East Creek) 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.
Strawberry River at Theodore, Utah, 1908-1910; 1914~
Indian Creek in Strawberry Valley, Utah, 1905-6; 1909-10.
Trail Hollow Creck in Strawberry Valley, Utah, 1909-10.
Currant Creek, 13 miles above mouth, Utah, 1904. .
Currant Creek, 3 miles above mouth, Utah, 1904.
Red Creck above Narrows, Utah, 1904.
West Fork of Lake Iork (head of Lake Fork), 10 miles above Forks, Utah,
1904.
Lake Fork below Forks, Utah, 1904; 1907-1910.
Lake IFork near Myton, Utah, 1900-1903; 1907-
East Fork of Lake Fork, 8 miles above Forks, Utah, 1904.
Uinta River near Whiterocks, Utah, 1899-1904; 1907-1910.
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Colorado River tributaries—Continued.
Duchesne River tributaries—Continued. ‘
Uinta River at Fort Duchesne, Utah, 1899-1904; 1906-1910.
Uinta River at Ouray School, Utah, 1899-1904. i
Whiterocks River near Whiterocks, Utah, 1899-1904; 1907-1910.
North Fork of White River (head of White River) near Buford, Colo., 1903-1906;
1910-1913. .
White River at Meeker, Colo., 1901-1906; 1910-1913.
White River at White River City, Colo., 1895.
White River at Rangely, Colo., 1904-5.
White River near Dragon, Utah, 1906.
. White River near Ouray, Utah, 1904. :
Marvine Creek near Buford, Colo., 1903-190G.
South Fork of White River near Buford, Colo., 1903-1906; 1910~
Price River near Helper, Utah, 1894-1895; 1904—
~ Price River at Woodside, Utah, 1909-1911. -
San Rafael River near Green River, Utah, 1909-
Cottonwood Creek near Orangeville, Utah, 1909-
TFerron Creck (upper station) near Ferron, Utah, 1911-1914.
Ferron Creck near Ferron, Utah, 1909-1911; 1915~
Ferron Creek near Castledale, Utah, 1911-1914.
Huntington Creek near Huntington, Utah, 1909-
Huntington Creek (lower) near Castledale, Utah, 1911~ !
North Fork of Grand River (head of Grand River) near Grand Lake, Colo., 1904~
Grand River near Granby, Colo., 1908-1911.
Grand River at Sulphur Springs, Colo., 1904~
Grand River near Kremmling, Colo., 1904-
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.
TFraser River near Arrow, Colo., 1910-
Fraser River at upper station near Fraser, Colo., 1908-1911.
Traser River at lower station near Fraser, Colo., 1907-1909.
TFraser River at Granby (Coulter), Colo., 1904-1909.
Big Jim Creek near IFrager, Colo., 1907-1909.
“: Little Jim' Creek near Frager, 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 I'raser, Colo., 1908-9.
: : North Ranch Creek at upper station near Rollins Pass, Colo., 1908-9.
o North Ranch Creek at lower station near Rollins Pass, Colo., 1907-1909
: ' Middle Ranch Creek at upper station near Arrow, Colo 1908-9.
v Middle Ranch Creek at lower station near Arrow, Colo., 1907—1909 2
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~
Williams Fork near Sulphur Springs, Colo., 1904~
Troublesome Creck at Troublesome, Colo., 1904-5.
Muddy Creek at Kremmling, Colo., 1904-5. !
Blue River at Dillon, Colo., 1910~ |
Blue River near Kremmling, Colo., 1904-1908. '
Tenmile Creek near Kokomo, Colo., 1904.
Tenmile Creck near Uneva Lake, Colo., 1903.
Tenmile Creek at Dillon, Colo., 1910-
Snake River at Dillon, Colo., 1910~
Eagle River at Red Cliff, Colo., 1911~ .
Eagle River above Brush Creek, at Eagle, Colo., 1911~
Iiagle River below Brush Creek, at Eagle, Colo., 1905-1907.
Eagle River at Gypsum, Colo., 1907-1909.
Turkey Creek at Red Cliff, Colo., 1913-
Ilomestake Creek at Red Cliff, Colo., 1911-
Gore Creek near Minturn, Colo., 1911-1914.
Beaver Creek at Avon, Colo., 1911-1914.
Brush Creck at Eagle, Colo., 1911-1913.
No Name Creek near Glenwood Springs, Colo., 1911-1914.
Glenwood Light & Power Co.’s flume near Glenwood Springs, Colo.,
1911-1914.
Roaring Fork at Aspen, Colo., 1911~
Roaring Fork below Aspen, Colo., 1913-14.
Roaring Fork near Emma, Colo., 1908-9.
Roaring Fork at Glenwood Springs, Colo., 1906-
ITunter Creek at Aspen, Colo., 1911-1913.
Castle Creek near Aspen, Colo., 1911-
Maroon Creck at upper station, near Aspen, Colo., 1911~
Maroon Creck at lower station, near Aspen, Colo., 1914~
Snow Mass Creck at Snow Mass, Colo., 1911-1913.
Fryingpan Creek at Norrie, Colo., 1911-
Fryingpan Creek at Thomasville, Colo., 1911-
Fryingpan Creek at Basalt, Colo., 1908-9.
North Tork of Fryingpan Creek near Norrie, Colo., 1911-
Crystal River at Marble, Colo., 1910-
Crystal River near Carbondale (Sewell), Colo., 1908-9.
West Fork of Eik Creck (head of Elk Creek), near Newcastle, Colo., 1911,
Middle Fork of Elk Creek near Newcastle, Colo., 1911-1914.
Fast Fork of Elk Creek ncar Newcastle, Colo., 1911-
West Divide Creek (head of Divide Creek) at Hostutler’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.
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., 1910-1915.
Gunnison River near Iola, Colo., 1900-1903.
Gunnison River near Cimarron, Colo., 1903-1905.
Gunnison River at River Portal, Colo., 1905-1911.
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Colorado River tributaries—Continued.
Grand River tributaries—Continued.
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.
East River at Almont, Colo., 1905; 1910-
Cement Creek near Crested Butte, Colo., 1910-1913.
Tomichi Creek near Gunnison, Colo., 1910.
Quartz Creek near Pitkin, Colo., 1910-1913.
Cimarron Creek at Cimarron, Colo., 1903-1905.
North TFork of Gunnison River near Hotchkiss, Colo., 1903-1906.
Sapinero Creek at Sapinero, Colo., 1911-1914.
Uncompahgre River near Colona, Colo., 1903-1906.
Uncompahgre River at Ouray, Colo., 1908; 1911~
Uncompahgre River below Ouray, Colo., 1913-
Uncompahgre River near Fort Crawford, Colo., 1910-11.
Uncompahgre River at Fort Crawford, Colo., 1895-1899; 1908-1910.
Uncompahgre River at Montrose, Colo., 1900; 1903
Uncompahgre River near Delta, Colo., 1903-
Canon Creek at Ouray, Colo., 1911~
Dolores River at Rico., Colo., 1914-15.
Rico Mining Co. Tailrace at Rico, Colo., 1914-15.
Dolores River at Dolores, Colo., 1895-1903; 1910-1912.
San Miguel River near Fall Creek, Colo., 1895-1899; 1910.
San Miguel River at Placerville, Colo., 1910-1912.
Mill Creek near Moab, Utah, 1914-
Fremont River near Thurber, Utah, 1909-1912.
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Colorado River tributaries—Continued.

San Juan River tributaries-—Continued.
La Plata River at Hesperus, Colo., 1904-1906; 1910.
La Plata River at La Plata, N. Mex., 1905-1914.
Mancos River at Mancos, Colo., 1898-1901.
West Mancos River near Mancos, Colo., 1910-11.
Montezuma Creck at Monticello, Utah, 1914- !
South Fork of Montezuma Creek near Monticello, Utah, 1914~
Spring Creek near Monticello, Utah, 1914~
Verdure Creck near Verdure, Utah, 1914-

Canals in San Juan River basin.

Baker ditch at Monticello, Utah, 1915-

Christensen ditch at Monticello, Utah, 1915—

Davenport & Campbell canal near Monticello, Utah, 1914-
Gordon canal near Monticello, Utah, 1914-15.

Green ditch near Monticello, Utah, 1914~

Pioneer canal near Monticello, Utah, 1914-

North ditch near Monticello, Utah, 1914-15.

Middle ditch near Monticello, Utah, 1914-15.

South ditch near Monticello, Utah, 1914-15.

Wood Iigh Line canal near Monticello, Utah, 1914-15.
San Juan Irrigation Co. canal near Grayson, Utah, 1914-
White Mesa canal near Grayson, Utah, 1914-

L. C. ditch near Grayson, Utah, 1914. .

Little Colorado River at St. Johns, Ariz., 1906-1909.
Little Colorado River at Woodrulf, Ariz., 1905-1908.
Little Colorado River at IIolbrook, Ariz., 1905-1909.
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! Muddy Creek near Emery, Utah, 1909-1914. ' Silver Creek at Snowflake, Ariz., 1906-1908.
E Mgddy Creck (lower station) near Emery, Utah, 1911-1914. Silver Creck at Canyon station, Ariz., 1906.
Ivie Creck near Emery, Utah, 191.1‘12- Woodruff ditch at Woodruff, Ariz., 1906. .
Escalante Creek (head of Escalante River) near Escalante, Utah, 1909-1913. Chevelon Fork near Winslow, Ariz., 1905-1908. '
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San Juan River at Pagosa Springs, Colo., 1911-1914.
San Juan River at Arboles, Colo., 1895-1899; 1910-1915,
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; 1912-1915.
San Juan River near Shiprock, N. Mex., 1911.
San Juan River near Bluff, Utah, 1914~
Navajo River at Chromo, Colo., 1911-12.
Navajo River at Edith, Colo., 1912~
Piedra River at Piedra, Colo., 1911-12.
Piedra River at Arboles, Colo., 1895-1899; 1910-1915.
Los Pinos River at Ignacio, Colo., 1899-1903; 1910-1915.
Animas River at Silverton, Colo., 1903.
Animas River at Tacoma, Colo., 1908-9; 1911.
Animas River above Lightner Creek, at Durango, Colo., 1895-1905.
Animas River below Lightner Creek, at Durango, Colo., 1910-1915.
Animas River at Aztec, N. Mex., 1904; 1907-1915.
Animas River at Farmington, N. Mex., 1912-1915.
Animas River near Farmington, N. Mex., 1904-5. -
Hermosa Creek near Hermosa, Colo., 1911-1914.
Florida River near Durango., Colo., 1899; 1901-1903; 1910-1912.

Clear Creck near Winslow, Ariz., 1906-1909.
Virgin River at Virgin, Utah, 1909-
Zion Creek near Springdale, Utah, 1913-14.
Ash Creek at Toquerville, Utah, 1915~
Leeds Creck near Leeds, Utah, 1915-
Santa Clara Creck near Central, Utah, 1909-
Santa Clara Creck at Santa Clara, Utah, 1915-
Santa Clara Creck near St. George, Utah, 1909-
Muddy River at Home ranch near Moapa, Nev., 1913-
Muddy River above Indian reservation near Moapa, Nev., 1914~
Muddy River at pumping plant near Moapa, Nev., 1914-
Muddy River near Moapa and Logan, Nev., 1904-1906; 1909-10; 1913-14.
Muddy River necar St. Thomas, Nev., 1913~

Canals in Virgin River basin. i

Central canal at Central, Utah, 1915~

Santa Clara north canal near Santa Clara, Utah, 1915~
Santa Clara south canal near Santa Clara, Utah, 1915~
Santa Clara town canal near Santa Clara, Utah, 1915~

Williams River near Swansea, Ariz., 1910-
Gila River near Cliff, N. Mex., 1904-1907.
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" Colorado River tributaries—Continued. =
Gila River near Silver City, N. Mex., 1912—1914
Gila River near Gila, N. Mex., 1914.
Gila River near Redrock, N. Mex., 1908-1914.
Gila River near Duncan, Ariz., 1914-
Gila River near Guthrie, Ariz., 1910~
Gila River near Solomonville, Ariz., 1914~
Gila River at San Carlos, Ariz., 1899—1900 1910-11; 1914~
Gila River near Kelvin, Ariz., 1911- :
Gila River near Florence, Anz 1914.
Gila River near Buttes, Ariz., 1889—90 ; 1895-1899.
Gila River at Sentinel, Ariz., 1912-
Gila River at Dome (Gila City), Ariz., 1903-1906.
Gila River at mouth near Yuma, Ariz., 1903.
San Francisco River at Alma, N. Mex., 1904-1907; 1909
San Francisco River at dam above Clifton, Ariz., 1910~
Whitewater Creck near Mogollon, N. Mex., 1909~
San Carlos River (staff gage) at San Carlos, Ariz., 1910-11.
San Carlos River (watér-stage recorder) at San (‘arlos Ariz., 1914~
San Pedro River near Lewis Springs, Ariz., 1910-11.
San Pedro River at Charleston, Ariz., 1904—1906.
San Pedro River near Fairbank, Ariz., 1911-12.
San Pedro River at Fairbank, Ariz., 1912-
San Pedro River near Dudleyville, Ariz., 1890.
Queens Creek at Whitlows, Ariz., 1896.
Santa Cruz River near Nogales, Ariz., 1907; 1909-
Santa Cruz River and ditches at Tucson, Ariz., 1905-
Rillito Creck near Tucson, Ariz., 1911~
Salt River at Roosevelt, Ariz., 1901-1907; 1910-

Salt River below mouth of Cherry Creek near Roosevell, Ariz., 1906.

Salt River 50 miles above Phoenix, Ariz., 1890.
Salt River at Arizona Dam, Ariz., 1888-1891.
Salt River at McDowell, Ariz., 1897-1910. .
Black River near Fort Apache, Ariz., 1912-
White River at Fort Apache, Ariz., 1912-
East Fork of White River at Fort Apache, Ariz., 1912~
Tonto Creek at Roosevelt, Ariz., 1901-1904.
Verde River near Camp Verde, Ariz., 1911~
Verde River at Camp Verde, Ariz., 1912—
Verde River at McDowell, Ariz., 1889, 1897-1899, 1901-
" Beaver Creek at Camp Verde, Ariz., 1912-
Agua Fria River near Glendale, Ariz., 1910~
Hassayampa River at Walnut Grove, Ariz., 1912-
Hassayampa River at Wickenburg, Ariz., 1910-1912.

Canals in Colorado River basin below Virgin River.

Imperial canal (inain) near Calexico, Cal,, 1904-5. -
Boundary canal near Calexico, Cal., 1905.

Wisteria canal near Calexico, Cal., 1905.

Imperial canal 10 miles below Yuma, Ariz., 1903-1905.
“ Holt canal at Calexico, Cal., 1904-5. . '
Hemlock canal at Calexico, Cal., 1904-5.

Alamo channel near Calexico, Cal., 1904.

Alamitos canal near Calexico, Cal., 1904-5.

-
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PUBLICATIONS.

Investigation of water resources by the United States Geological
Survey has consisted not only of measurements of the volume of
flow of streams and studics of the conditions affecting that flow, but
1t has comprised also investigation of such closely allicd subjccts hs
irrigation, water storago, water powers, underground waters, add
- quality of waters. Most of the results of these investigations have
.bcon pubhshod in the series of water-supply papers, but some have
appeared in the monographs, bulletins, professional papers, and
annual reports. ’

The rosults of stream-flow measurements in the Colorado RIVGI‘
basin have been published in the reports listed below.

Annualreports: 11, pt. 2; 12, pt. 2; 13, pt. 3; 14, pt. 2; 16,

pt. 2; 18, pt. 4; 19, pt. 4;
20, pt. 4; 21, pt. 4; 22pt4 P P
Bulletins: 131, 140.
Water-supply papers: 11, 16, 28, 37, 38, 50, GG, 75, 85, 100, 133, 175, 177, 211, 249, 269,
.. 289, 309, 329, 359, 389.}

. Tho following pages contain an annotated list of the publications

(other than stream-measurement reports) of the Geological Survey
relating to the water resources of the Colorado River basm as well
8s bricf references to roports published by State and other organiza-
tions.

PUBLICATIONS OF UNITED STATES GEOLOGICAL SURVEY
WATER-SUPPLY PAPERS.

Water-supply papers are distributed free by the Geological Survey as long as its stock lasts. An asterisk *

: ; indicates that this stock has been exhausted. Many of the papers marked in this way may, however,

" be purchased (at price noted) from the SUPERINTENDENT OF DocuMENTS, WASHINGTON, D. C. Omls:

“ sion of the price indicales that the report is not obtainable from Government sources. ‘Water-supply
"~ papers are of octavo size,

¥2. Irrigation near Phoenix, Ariz., by A. P. Davis. 1897. 98 pp., 31 pls. 15c.

Describes physiographic features, temperature, rainfall, stream-flow, soils, and projected
irrigation works in Gila River basin; discusses brieQly possxble use of underground water for
irrigation and gives data concerning wells in Pinal and Maricopa counties. Chiefly of his-
toric interest, as indicated by the date ol publication.

*33. Slorage of water on Gila River, Arizona, by J. B. Lippincott. 1900. 98 pp.
33 pls. 15c. '
Describes conditions existing in 1898-99, available water supply, silt, and reservoi tes
(B.utt,es, Riverside, San Carlos, and Queen Creek); contains section on cement, anflv (t)::astls of
irrigable land, distribution canals, and organization of irrigation. Interest chiefl y historic.
*43 Conveyance of water in irrigation canals, flumes, and pipes, by Samuel Fortier.
1901. 86 pp., 15 pls. 1bc.
Describes various types of canals for irrigation.
- .57. Preliminary list of deep borings in the United States, Part T (Alabama—Montana)
by N. II. Darton. 1902. 60 pp- (See No. 149.) 5c.
61 Preliminary list of deep borings in the United States, Part II (Nebraska-
Wyoming), by N. II. Darton. 1902. 67 pp. 5c.

Nos. 57 and 61 contain information as to depth, diameter, yield, and head of water in
borings more than 400 feot deop; under head “Remarks’ give information concerning
temperaturoe, quality of water, purposes of boring, etc. Soe also No. 149,

1 In preparation, May 1, 1916,
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* #73. Water storage on Salt River, Arizona, by A. P. Davis. 1902. 54 pp., 25 pls.

Sl S e T A
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HUSEEN Diécpsses Verde and Salt River basins and McDowell and Salt River reservoirs, :
74, Water resources of the State of Colorado, by A. L. Fellows. 1902. 151 pp., '
' - 14 pls. '25c. ’ - s

. Discusses drainage and irrigation; gives records of stream flow.
- 93. Proceedings of first conference of engineers of Reclamation Service, with accom-
panying papers, compiled by I. II. Newell, chief engineer. 1904. 361 pp. 3
25¢, Contains: ;
Investigations in Arizona, by A. P. Davis. Describes the proposed storage reservoir on
Salt River at the mouth of Tonto Creek.
Salt River Valley Water Users’ Association, by B. A, Fowler. Contains Judge Kibbey’s
address presenting a plan for the organization of the owners of lands to be irrigated. :
Topographic work in the Grand Canyon of the Gunnison, by I. W. McConnell. Discusses
the proposed diversion of water from Gunnison River into Uncompahgre Valley.
Colorado River, by J. R. Lippincott.
Colorado River reclamation projects, by E. T. Perkins, Describes the site of the Yuma 3§
dam and summarizes the advantages of the Yuma site. .

104. The underground waters of Gila Valley, Arizona, by W. T. Lee. 1904. 71pp., -
5 pls. 10c.

Prosonts information concerning the topographic features and surficial geology of the area
between The Buttes, 12 miles enst of Florence and the junction of Gila and Salt rivers,
treats of the source, amount, quality, and methods of securing the underflow.

136. Underground waters of Salt River valley, Arizona, by W. T. Lee. 1905. 196 -
pp., 23 pls.  25c. ‘ ;

Describes the physiography and goeology of the Mesa and P’hoenix region, gives many
well records, and discusses the amount and chemical character of the underground waters, ,
duty of water, and cost of pumping. :

147. Destructive floods in United States in 1904, by E. C. Murphy and others. 15c.

Contains:

La Plata River flood, Colorado, from report of Theo. Tobish. Describes floods on the )

headwaters of the Big S8andy (tributary to the Colorado through Williams River), on Sacra-

mento Wash, and on La Plata River (tributary to the Colorado through San Juan River).. -

149. Preliminary list of deep borings in the United States, sccond edition with addi-,
tions, by N. II. Darton. 1905. 175 pp. 10c. !

Gives by States location, depth, diameter, yield, height of water, and other valuable

information concerning wells 400 feet or more in depth; includes all wells listed in Water-

. Supply Papers 57 and 61; mentions also principal publications relating to dgep borings.

*162. Destructive floods in the United States in 1905, with a discussion of flood dis-:
charge and frequency and an index to flood literature, by E. C. Murphy -

and others. 1906. 105 pp., 4 pls. 15c. ;

Contains accounts of floods on Colorado, Green, Grand,Gunnison, San Juan, Little Col
rado, Gila, San Francisco, Verde, San Pedro, and Salt rivers, and of the flow of the Colorad
into Salton Sink; gives index to literature on floods on American streams.

274. Some stream waters of the western United States, with chaplers on sediment . 5
carried by the Rio Grande and the industrial application of water analyses,
by Herman Stabler. 1911. 188 pp. 15c.

Describes colloction of samples, plan of analytical work, and methods of analyses; dis-
cusses soap-consuming power of waters, water softening, boiler waters, and water for irrl
gation; gives results of analyses of waters of Colorado, Green, Grand, Gunonison, Animas,’
Littlo Colorado, Gila, San Francisco, Sait, and Verde rivers.

320. Geology and water resources of the Sulphur Spring Valley, Arizona, by O. E
Meinzer and F. C. Kelton, with a section on agriculture, by R. H. Forbes.
1913. 231 pp., 15 pls. 4bc.

Describes the physiography and drainage of the region, geologic formations, and geologio
history; discusses the seasonal and geographic distribution of rainfall, the occurrence and
level of ground waters, the flowing and nonflowing wells, the quality of ground waters, the
effect of alkali on plant life and on waters for irrigation, the relation of zones of vegetation
to water supply and geographic controls, and the plants used for pumping water; treats
also of the early history of agriculture and agricultural methods. :

“Eleventh

*Twelfth

PUBLICATIONS, . 33

- 365. Ground water in southeastern Nevb.da, by Everett Carpenter. 1915. 86 pp.,

5 pls.

Describes an area in Clark, Lincoln, White Pine, and Nye counties drained in part by
stfeams tributary to Colorado River and in part by streams discharging into the Great Basin.
Dx'scusses stream, lake, and wind topography, vegetation, crops, and industrial development
rnmfa]l,' currents of water in bedrock and unconsolidated sediments, source and permanoqct;
of artesian waters, and character and distribution of sptings; also the quality of waters for
domestic use and for irrigation, and gives analyses. Details of water-supply papers by ardas
in Las Vegas and Virgin river basins and the Great Basin. Gives information in regard to
watering places on routes of travel. V

375. Contributions to the hydrology of the United States, 1915. Contains:

(b) Ground water in Paradise Valley, Ariz., by O. E. Meinzer and A. J. Ellis pp. 51-75
p}s. 3-5. Describes an area north of Phoenix, in Maricopa County, hetween I’hoe;ﬁx Mounb:
ains on the west and McDowell Mountains on the east, terminated on the north by a rocky
upland but on the south opening into the Salt River Valley. Discusses briefly physiography
and drainage, soil and vegetation, climate, occurrence, source, and disposal of ground waler,
artesian prospects, quality of water, wells, and irrigation. '

ANNUAL REPORTS.

Each of the papers contained in the annual reports was also issued in separate form.

3 Annl{al reporis are distributed free by the Geological Survey as long as its stock lasts. An asterisk *
indicates that this stock has boen exhausted. Many of the papers so marked, however, may be pur-
ohased from tho SUPERINTENDENT OF DOCUMENTS, ‘WASuINGTON, D. C. ’ ’

] *Niuth Annual Report of the United States Geological Survey, 1887-88, J. W. Powell,

Director. 1889. xiii, 717 pp., 88 pls. $2. Contains:

*On the geology and ph.ysiography of a portion of northwestern Colorado and adjacent
parts of Utah and Wyoming, by C. A. White, pp. 677-712, P1. LXXXVIII. Describes
the canyons of Green, Yampa, Snake, and White rivers.

h"Tenth Annual Report of the United States Geological Survey, 1888-89, J. W. Powell,

Director. 1890. 2 parts. *Pt. II. Irrigation, viii, 123 pp. 35c.

Makes a preliminary report on the organization and prosecution of the survey of the arid
lands for purposes of irrigation; includes an account of the methods of topographic and
hydraulic work, the segregation work on reservoir sites and irrigable lands, field and oflice
methods, and brief descriptions of the topography of some of the river basins.

Annual Re'port of the United States Geological Survey, 1889-90, J. W.
Powell, Director. 1891. 2 parts. Pt. II. Irrigation. pp. xiv, 395, 30
plates and maps. $1.25. Contains:

*Hydrography, pp. 1-110. Discusses scope of work, methods of stream measurement
rainfall and evaporation, and describes the more important streams.

*Engineering, pp. 111-200. Definos the scope of the work and gives an account of the
surveys in the Sun River basin and in the Arkansas, Rio Grande, California, Lahontan
Utah, and Snake Rivor divisions.

*The arid lands, pp. 201-289. Includes statement of the director to the IIouse Committed
on Irrigation, extracts from the constitutions of States ralating to irrigation, and a report
on artesian irrigation on the Great Plains, including a discussion of the general considerations
?ﬂ?cl,ing artesian water supply, the economic limit to the utilization of artesian water for
irrigation, irrigation by artesian wells in various countries, and the geologic conditions and
statistics of artesian wells on the Groat Plains.

*Topography, pp. 291-343. Comprises reports of the topographic surveys in California,
Neana, Colorado, Idaho, Montana, and New Mexico, and a report on reservoir sites.

*Irrigation literature, pp. 345-388. Gives a list of books and pamphlets on irrigation and
allied subjects, mainly contained in the library of the United States Geological Survey.

Annual Report of the United States Geological Survey, 1890-91, J. W.
Powell, Director. 1891. 2 parts. Pt. II, Irrigation, xviii, 576 pp.,
93 pls. $2. Contains:

*ILydrography of the arid regions, by F. IL. Newsll, pp. 213-361, Pls, LVIII-CVL. Dis-
cusses the available water supply ef the arid regions, the duty of water, flood waters, relation
ol rainfall to river flow; classifies the drainage basins; and describes the rivers of the Missouri,
Arkansas, Rio Grande, Colorado, Sacramento, and San Joaquin basins, and the principal
streams of the Great Basin in Nevada and Utah and the Snake River drainage.

’
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- A folio is designated by the name of the principal town or of a prominent natural
feature within the quadrangle. Each folio includes maps showing the topography,
geology, underground structure, and mineral deposits of the area mapped and several
pages of descriptive text. The text explains the maps and describes the topographic
and geologic features of the country and its mineral products. The topographic map
shows roads, railroads, waterways, and, by contour lines, the shapes of the hillsland
valleys and the height above sea level of all points in the quadrangle. The areal-
geology map shows the distribution of the variousrocks at the surface. The structural-
geology map shows the relations of the rocks to one another underground. The
economic-geology map indicates the location of mineral deposits that are commercially
valuable. The artesian-water map shows the depth to underground-water horizons.
Economic-geology and artesian-water maps are included in folios if the conditions in
the areas mapped warrant their publication. The folios are of special interest to
students of geography and geology and are valuable as guides in the development
and utilization of mineral resources.

The folios numbered from 1 to 163, inclusive, are published in only one form (18
by 22 inches), called the library edition. Some of the folios that bear numbers higher
than 163 are published also in an octavo edition (6 by 9 inches). Owing to a fire in
the Geological Survey building May 18, 1913, the stock of geologic folios was more
or less damaged by fire and water, but 80 or 90 per cent of the folios are usable. They
will be sold at the uniform price of 5 cents each, with no reduction for wholesale
orders. This rate applies to folios in stock from 1 to 184, inclusive (except reprints),
also to the library edition of folio 186. The library edition of folios 185, 187, and
higher numbers sells for 25 cents a copy, except that some folios which contain an
unusually large amount of matter sell at higher prices. The octavo edition of folio 185
and higher numbers sells for 50 cents a copy, except folio 193, which sells for 75 cents
acopy. A discount of 40 per cent is allowed on an order for geologic folios amounting
to $5 at the retail price—that is, 20 of the 25-cent folios (or their equivalent in higher,
priced folios) will be sold for $3. The discount is allowed on an order for folios alone,
either of one kind or in any assortment, or for folios together with typographic maps,
but no discount is allowed on the damaged folios sold at 5 cents cach.

All the folios contain descriptions of the drainage of the quadrangles. The folios
‘in the following list contain also brief discussions of the underground waters in con-
nection with the economic resources of the arcas and more or less information con-
cerning the utilization of the water resources.

#Sixteenth Annual Report of the United States Geological Survey, 1894-95, Charles

’ D. Walcott, Director. 1896. (Pts. II, III, and IV, 1895.) 4 parts

"*Pt. 11, Papers of an economic character, pp. xix, 598, 43 pls. $1.25
Contains: : .

*The public lands and their water supply, by F. II. Newell, pp. 4567-533, Pls. XXXV~

XXXIX. Describes general character of the public lands, the lands disposed of (railroad,

grant and swamp lands, and private miscellaneous ontries), lands reserved (Indian, forest,

and military reservations), the vacant lands, and the rate of disposal of vacant lands; dis-

cusses the streams, wells, and reservoirs as sources of water supply; gives details for each State.

Eighteenth Annual Report of the United States Geological Survey, 1896-97, Charles

D. Walcott, Director. 1897. (Pts. II and III, 1898.) 5 parts in 6 vols.

*pt, IV, Hydrography, pp. X, 756, 102 pls. $1.75. Contains:

*Reservoirs for irrigation, by J. D. Schuyler, pp. 617-740, Pls, XLVII-CII. Describes the

Agua Fria dam, Arizons, and reservoir projects on Rio Verde, Salt River, Queen Creek,

Hassayampa River, and Little Colorado River, Arizona, and in the Tonto basin; gives

tables of reservoir capacities and areas.

Twentieth Annual Report of the United States Geological Survey, 1898-99, Charles

D. Walcott, Director. 1899. (Parts II, III, IV, V, and VII, 1900.) 7

parts in 8 vols. and separate case for maps with Pt. V. *Pt. V, Forest

reserves, pp. xix, 498, 159 plates, 8 maps in separate case. $2.80. Con-

tains: .

*White River Plateau Hm‘ber land reserve, by G, B, Sudworth, pp. 117-179, Pls, XLVII-

LVIII; Battlement Mesa forest reserve, by G. B. Sudworth, pp. 181-243, Pls. LIX-LXXYV,
Describes briefly the streams and lakes in the reserves,

BULLETINS.

An asterisk (*) Indicates that the Geological Survey’s stock of the paper is exhausted. Many of the papers
so marked may be purchased from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D. C. Bulletins
are of octavo size,

#298. Record of deep-well drilling for 1905, by M. L. Fuller and Samuel Sanford,

1906. 299 pp. 25c.

Gives an account of progress in the collection of well records and samples; contains tabu-
lated records of wells in Arizona, California, Colorado, Nevada, Now Mexico, Utah, and
Wyoming; and detailed record of well near Phoenix, Maricopa County, Ariz. The well of
which a detailed section is given was selected because it affords valuable stratigraphic infor-
mation,

*350. Geology of the Rangely oil district, Rio Blanco County, Colorado, with a sec- .

" tion on the water supply of the Raven Park district, by H. 8. Gale, 1908,
60 pp., 4 pls. 20c.
Discusses White River and its tributaries as sources of water supply and the possibilit,y7
ofobtaining artesian flows; treats of the quality of the water of White River and gives analyses.

An asterisk (*) indicates that the Geological Survey’s stock of the folio is exhausted.

*111. Globe, Arizona.
Describes tho physiographic divisions of Arizona and the topography, climate, and vege-
tation of the Globe quadrangle; gives a brief account of the water resources.

#120. Silverton, Colorado.
GEOLOGIC FOLIOS. " v Y Describes an area in the San Juan Mountains including a portion of the Continental Divide.

*129. Clifton, Arizona.

Describes the streams and springs of the area; gives analyses of spring water from
San Francisco River.
30. Rico, Colorado. .

Describes the Rico Mountains and Dolores River valley; includes a brief paragraph on
. water resources.
*153. Ouray, Colorado.

Describes the river waters used for irrigation, the underground waters, and the thermal
springs; gives analyses of water from Hot Spring at Ouray.

"Under the plan adopted for the preparation of a geologic map of the United States
the entire area is divided into small quadrangles, bounded by certain meridians and
parallels, and these quadrangles, which number several thousand, are separately
surveyed and mapped.! The unit of survey is also the unit of publication, and the’
maps and description of each quadrangle are issued in the form of a folio. When all"
the folios are completed they will constitute a Geologic Atlas of the United States.

1 Index maps showing areas in the Colorado River basin covered by topographic maps and by geologic -
folios will be mailed on receipt of request addressed to the Director U. 8. Geological Survey, Washin,
ton, D. C.
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‘171. Engineer Mountain, Colorado. 5c. ' - E
T & Describes the to;’mgmphy and geology of the Engineor Mountain quadrangle, in southw?st-.
ern Colorado, about 60 miles east of the Utah boundary and 34 miles north of Ne.w MBX..IOO, :
discusses the drainage, which passes to the Gulf of California through Colorado River; gives
a brief paragraph on the water resources.

MISCELLANEOUS REPORTS.

-

Other Federal burcaus and State and other organizations have from

sections of the country. Notable among those pertaining to tho
Colorado River basin are the reports of the State engineers of Colo-
rado, Nevada, New Mexico, and Wyomipg, and the a.nn.ual reports
of tho United States Reclamation Service. The following 1'cport,s’ ,
l‘?ﬁ ' deserve special mention: ,
Canyons of the Colorado, by J. W. Powell, 1895. A popular, revised, and enla:rged :
edition of his original journal of exploration which apr?earcfl as pqrt of areport «:antltled :
K - «Exploration of the Colorado River of the West and its tributarics, ‘explox:ed in 1§69,
H ‘ 1879, 1871, and 1872 under the direction of thf) S(fcretm'y of the Smithsonian Institu-
: tion,” published by the Smithsonian Institution in 1875. N
A canyon voyage; the narrative of the second_ Powell equdwmn down the G;een-
b Colorado River from Wyoming and the explorations on land in the year 1.8:71—7.,, by
H Frederick S. Dellenbaugh, artist and assistant topogr:ypher of the expedition, 1908.
‘ Preliminary examination of reservoir sites in Wyoming and ‘Colora,do ; letter from
the Secretary of War transmitting a letter from the Chief of Engineers, together with a
1% report of Captain Chittenden: 55th Cong., 2d sess., House Doc. 141, 1898. Ind 3
| ‘: Irrigation pumping in Nevad a,Betlc1 .,;)ylggmles Norcross: Nevada Bureau of Indus-
’ i Irrigation Bull. . ;
wﬁ%ﬁ?ﬁ?ﬁ&ﬁ?gﬁiﬁn in{irestiga,tions i;1 Utah under the direction of Elwood Mead
U. S. Dept. Agr. Office Exper. Sta. Bull. 12f1, }903.
l g | Irrigation in Utah, Utah Irrigation Commxgswn, 1894. ) ' .
! Trrigation and agricultural practice in Arizona, by R. H. Forbes: Arizona Univ
D . Sta. Bull. 63, 1911. ) .
el Ag(;;ifx%?zv:ig supply z,md irrigation in Rillite Valley, Arizona: Arizona Uviv.
| Txper. Sta. Bull. 64. o
l : 1 A%;il];}ligj(l;r %olorado River and the Salton Basin, by €. E. Grunsky: Am. Soc. Civil
Eng. Trans., vol. 59, pp. 1-51; discussion, pp. 52'—62, December, 1907. .
Irrigation dnd river control in the Colorajdo Rl.ver delta, by H. T. Cory: Am. Soc. -
Civil Eng. Trans., vol. 76, pp. 1204-1453; discussion, pp. 1454-1571, December, 1913

GREEN RIVER BASIN.

TIIE MAIN STREAM.

bounded on the north and cast by the Wind River Mountains and the

i i i i . Survey Terr. Eleventh Ann. Rept., pp.
i eology of this basin is described in U. 8. Geol. and Geog
509:1‘6];;,“1877.gylnrormntion in regard to the hydrography is contamod in the first four annual reports of the
Reclamation Service and in reports of the U. 8. Geological Survey.

timo to time published reports relating to water resources of various

Green River and its tributarics ! drain an arca comprising a larg
part of western Wyoming, northwestern Colorado, and eastern Utah, ‘

ranges forming the Continental Divide, on tho south and cast by the | 3

>
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‘White River Plateau and the Roan or Book Cliffs, and on the north
and wost by the Gros Ventre and Wyoming mountains and tho great
Wasatch-Range. The arca is roughly triangular in shape, its greatest
length, north and south, being about 370 miles, and its greatest width,
east and west, 240 miles. The total area is approximately 44,400
square miles. : !

The river heads on the western slope of the Wind River Mountains
. in westcrn Wyoming, its ultimate source being a number of small
- lakes fed by glaciers and the immense snow deposits always to be
- found on Fremont and ncighboring peaks. TFor perhaps 25 miles the
- river flows northwestward through the mountains ; it then turns
~abruptly and runs in a general southerly direction across western
Wyoming into Utah, receiving in its upper course in Wyoming numer-
ous tributarics that head in the Wind River, Gros Ventre, and Wyo-
ming ranges of mountains, some of them extending so far back into
the abrupt, ragged canyons that they dovetail with streams flowing
in the opposite dircction. The most important of these tributaries
sre East Fork River, Big Sandy Creek, Labarge Creek, Fontanclle
Creck, and Blacks Fork, the last named being the largest and most
important, its average annual run-off being approximately 400,000
acre-feet. '
Between Green River, Wyo., and the Wyoming-Utah boundary the
Green passes through an open canyon for approximately 70 miles.
Just south of the boundary there is an open valley, comprising several
square miles, in which Henrys Fork enters from the west. Imme-
diately below the mouth of Henrys Fork the river enters Flaming
Gorge and Horseshoe Canyon. (Pls. III, 4 and B, and IV, B.)

Beyond Horseshoe Canyon, which is 4 miles long, the course of the
river is eastward through Kingfisher and Red canyons and Browns
Park into Colorado, thence southward in Colorado for a distance of 35
miles, passing through Ladore (Pl IV, A) and Whirlpool canyons.
Just above Whirlpool Canyon it is joined from the cast by Yampa
River, a large tributary, whose average annual run-off is more than a
million acre-feet.
- Turning back into Utah the Green flows southwesterly through
sland Park and Split Mountain Canyon into an open valley in the
vicinity of Jensen and Ouray, where it is joined by the Duchesne from
he west and White River from the cast. The mean annual run-off
{ Duchesne River is approximately 700,000 acre-fect and that of
White River 500,000 acre-feet.
A few miles below the mouth of Duchesne and White rivers the
Green passes into a 120-mile canyon, the upper section of which is
known as Desolation Canyon (Pl. V, A) and the lower as Gray Canyon
PL V, B). Near the lower end of Gray Canyon it is joined by Price




prommate]y 700 miles. = Altitudes within the basin range from 14,000
" feet in the high mountains to about 3,900 feet at the ]unctlon Wlth

'
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R1ver, whlch enters from the west. " The average annual run 1 of
Price River is approximately 180, 000: acro-feet. -
*About 7 miles below the mouth of Price River the Green 'passes out,
of Gray Canyon into the Green River or Gunnison Valley, in which
the town of Green River, Utah, is situated. Twenty-five miles below
Green River, Utah, the San Rafacl, the last large tributary of Green
River, enters from the west. The average annual run-off of the San
Rafacl is about 230,000 acre-feet. From the mouth of the San Rafacl
to the junction of Green and Grand rivers the Green flows through a-
box canyon, the walls of which in many places rise almost vertically
from the water’s edge to a height ranging from 700 to 1,000fect.  Below
the San Rafacl, in Labyrinth and Stillwater canyons, the course of
the Green is very tortuous. The distance by straight line from the
mouth of the San Rafacl to the junction of the Green and Grand is
43 miles; the distance by river is 95 miles. At a point 51 miles below
Green River, Utah, the river turns abruptly to the cast, forming a
loop (P1. VI, 4); the distance around the loop is 7 miles; the distance
from water’s edge to water’s edge at the narrow point is but 800 {eet.
The fall in the river in the 7-mile section around the loop is 6 feet.
Labyrinth Canyon (Pl. VI, B) and Stillwater Canyon, which extend
from the mouth of San Rafacl to the mouth of Green River, arc almost
inaccessible except by boat.

“The length of the Green, measured roughly along its course, is ap;

U. 8. GEOLOGICAL SBURVEY WATER-SUPPLY PAPER 895 PLATE Il

A. FIRST RAPID BELOW GREEN RIVER, WYO., AT EAST END OF HORSESHOE CANYON.

Grand River.

Except for the timber in the high mountams at the headwaters in”
Wyoming, extensive forests are lacking in the upper part of the basin.
The timbered land includes probably 1,500 square miles, the average
stand being about 4,000 feect board measure per acre. In Utah,
above the mouth of the Duchesne, about 600 square miles is timbered,
the average being nearly 3,000 feet board measure per acre; and in the
basins of the White and the Yampa in Colorado timber and woodland
comprise nearly 2,000 squarc miles.

The basin as a wholo includes considerably more than 5,000 square
miles of timbered land in addition to important woodland areas. The
principal species of mountain timber are the Engelmann spruce and
lodgepole pine.

Over the plains section of the basin, which includes considerably
moro than half of it, the average annual precipitation scems to be
less than 10 inches annually; over much of the remainder the aver-
age rainfall is between 10 and 15 inches, and in only a small area in
the high mountains does the precipitation exceed 20 inches annually.

Throughout the basin winters are severe, and most of the streams
are ice-covered for several months. In the high mountains snowis | B. FLAMING GORGE, GREEN RIVER, UTAH.
usually abundant, but on the plains the winters are frequently open. :
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B. HORSESHOE CANYON, GREEN RIVER, UTAH.
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A. DESOLATION CANYON AT MOUTH OF COAL CREEK, GREEN RIVER, UTAH.

~

i TANN

B. GRAY CANYON AT MOUTH OF PRICE RIVER, GREEN RIVER, UTAH.
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A. THE LOOP ON GREEN RIVER 51 MILES BELOW GREEN RIVER, UTAH.
Distance around the loop, 7 miles; across the neck, 800 feet. Fall in 7-mile section of the river, 6 feet.

B. LABYRINTH CANYON AT FORT BOTTOMS, 77 MILES BELOW GREEN RIVER, UTAH.
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PRINCIPAL TRIBUTARIES.

. Blacks Fork.—Blacks Fork with its numerous tributaries drains the
extreme southwestern part of Wyoming. Hams Fork and Little
- Muddy and Muddy creeks, which enter it from the north, rise in the
Sublette Range and Bear River divide respectively, whereas tHe
sources of Blacks Fork proper and Smiths Fork, its only importait
~ tributary from the south, are in the Uinta Mountains in Utah.
Henrys Fork.—Ilenrys Fork rises on the northern slope of the
* Uinta Mountains and flows northward into Wyoming; returning
to Utah, it joins Green River about one-half mile above Flaming
- Gorge. The total drainage area is 644 square miles. Altitudes in
this basin range from 5,900 feet to more than 13,000 feet. No rec-
ords are available to show the run-off from Henrys Fork basin. It
is known, however, that the run-off per square mile is comparatively-
high.

. Yampa River!—Yampa River rises in the southeastern part of
Routt County, Colo., flows northward to Steamboat Springs and
thence westward to its junction with Green River just east of the
Colorado-Utah boundary. Throughout almost its entire course it
occupies a succession of open valleys alternating with deep, narrow
canyons, the longest and deepest of the canyons bemg that through
which it enters the Green.

The drainage basin, which comprises 7,600 square miles, of which
1,870 squarc miles is in Wyoming, lies for the most part within the
boundaries of Routt and Moffat counties, Colo. Its eastern limit
is formed by the Park Mountains, and the melting of the snows on
their high peaks is the source of numerous small streams whose
waters augment the volume of the river and form its chief perennial
supply. West of the mountains the basin is largely the eroded and
issected Yampa Plateau, whose wide terraces, abrupt cliffs, and
deep-cut gulches and arroyos are the striking features of the region.
The general elevation of the basin exceeds 6,000 feet.

Elk River, Fortification Creek, Elk Head Creek, Williams Fork,
and Little Snake River are the most important tributaries of the
Yampa. The upper basins of these streams are within the forested
region, but along their lower courses are many cultivated areas.
Little Snake River, the principal tributary, rises on the northern
slope of the Elk Head Mountains and flows northwestward into
Wyoming, and thence southwestward into Colorado; it enters the
.Yampa in sec. 19, T. 6 N., R. 98 W. The run-off from this tribu-
tary is comparatively small.

Ashley Creck —Ashley Creek rises on the southern slope of the
;Ulnta, Mountains in Uinta County, Utah, flows southeastward, and
¢ joins Green River about 3 miles below Jensen.

; ! Decision of the United States Geographic Board: ““Yampa; river, northwestern Colorado; not Bear.”




' its mouth, about 8 miles east of the Colorado-Utah State line. 'Whit
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Duchesne River—Duchesne River, one of the most importan
‘tributaries of the Green, rises in the Wasatch and Uinta mountains
flows eastward, and joins the Green at Ouray, Utah. Its drainag
area comprises approximately 4,000 square miles. Its principal
tributaries are Strawberry River, Rock Creek, and Uinta River
The average annual run-off from the Duchesne and its tributaries
is approximately 700,000 acre-fect. ‘

White River.—White River rises in Trappers Lake, which lies "at.
an elevation of 9,500 feet above sea level in a small mountain basin
of the White River Plateau in eastern Garfield County, Colo.; thence
it flows westward to its confluence with Green River in west-central
Uinta County, Utah. Throughout its course it occupies a narrow,
mountainous valley, in which parks and canyons alternate, enter-
ing the longest and deepest of the canyons, in which it continues to

wood, and Huntington creeks, streams whose sources lie in the
Wasatch Mountains. The general course of the San Rafael is south-
eastward to its confluence with the Green at a point 24 miles below
f.he town of Green River, Utah. The drainage area comprises approx-
imately 2,080 square miles. Altitudes within the basin range from
4,020 feet to more than 10,000 feet above sea level. The average
annual run-off from the San Rafacl basin is about 230,000 acre-feet.

DISCIHHARGE RECORDS.

GREEN RIVER AT GREEN RIVER, WYO.

I_.oca‘;;rion.—About 40 feet below the bridge of Union Pacific Railroad at Green River,

e 'yo.

Records presented.—May 1, 1895, to March 31, 1900; October 1, 1900, to October

; 31, 1906. No estimates made November 1, 1899, to September 30, 1900.

Drainage area.—7,450 square miles.

Gage.—Staff fastened to heavy submerged cribbing on east bank of river near the

pump house.

Ohaxmel..—During low water stream is confined in a single channel on the left. At
m(}dlum stages water flows in two channels and under the approaches of the
bridge. At times of flood there are four channels, interrupted to some extent

by open cribs driven into the bed of the stream, which is sandy and somewhat
shifting.

Discharge measurements.—Made from iron highway bridge about one-half mile

: below railway bridge.

Winter flow.—Affected by ice.

Diversi.ons.—Water is diverted for the irrigation of about 190,000 acres above the

| gaging station.

curacy.—LEstimates of discharge only fair.

River drains an area of 4,620 square miles.
Topographically the basin is an arid, broken, and much eroded.
plateau, a continuation of the Grand River Mesa south of Grand
River. The headwater region is greatest in arca and is called the - §
White River Plateau; bolow this and to the south is tho Roan (or
Book Cliffs) Plateau. Fragmentary plateaus also occur along the
northern side of the river. :
Numerous small streams, among which are Marvine Creek and
South Fork, join the White in the upper, mountainous part of tho
basin. Douglas, Piceance, and Evacuation creeks, draining the
Book Cliffs Plateau, enter White River from the south. In the
spring these crecks carry considerable water, derived mainly from
melting snow, but in the summer they are nearly dry. L

The mean annual precipitation recorded at Mecker is 15.9 inches;

Honthly discharge of Green River at Green River, Wyo., for the years ending Sept. 30
1895-1906. ’

farther west and at lower elevation it is undoubtedly much less. The Month Discharge in second-feet. Runofl
gggrggg a.nm}a.l tx,'un—off from the basin of the White is approximately Moximum. | Minimam, | Mean, acre foot).
,000 acre-feet. ;
Minnie Maud Creele.—Immediately south of the Duchesne River 1895.
basin is an area drained by Minnie Maud Creck, a small tributary of e I oo il i e
the Green. This creek flows through a comparatively narrow valley T OSSR 2% Pow| Tmo| loeon
“and information regarding it is meager. i 5 38,000
Price River.—Price River, a rather important tributary of the 913,000
Green, has its source in the Wasatch Mountains, flows southeasterly, 2,000
and joins the Green in Gray Canyon at a point 20 miles above th 1%
town of Green River, Utah. Tho elevation of the basin ranges from " 19,40
4,200 foet to more than 10,000 feet. The total drainage arca is April, 1L ) %0
approximately 1,860 square miles. The average annual run-off from 182,000
the Price basin is approximately 180,000 acre-feet. - : 23,00
San Rafael River.—San Rafael River is formed at a point about Ry T : 51,700
10 miles below Castledale, Utah, by the junction of Ferron, Cotton- : eI 5! 1,420,000

e Estimated.
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' Monthly discharge of Green River at Green River Wyo., for the years ending Sept. . . . :
Y ge of 1895-1906—Continuod. I o " Monthly discharge of Green River at Green River, Wyo., for the years ending Sept. 30, i
o . v 1895-1906—Continued. i
' Dischargo in socond-foet. >
v Run-off o Discharge in second-feet. )
Month. (t‘)t?] i = Month Run-off pF
Moximum. | Minlmum. | Meon. | 8crefeet), i . (total e g
Maximum. | Minimum. | Mean. acre-feet). G
- 1 . P
1896-97. o
OCLODOr . eeevannnnnereieniaaane e raeaieaenaaeaneaaes e 740 45,500 o
November. : 900 ga’% R % 670 164,000 e 4
Tagoyor a0 | 27700 , Boptembor ... | -
February........ @ 400 22, " The vear Co8
March......... a 400 24,600 5 ¥ 1,430 | 1,040,000 8
April.. . 1,960 é{l}{% £ W
0,770 | 4 g
June. LIl 7,550 | 449000  Qetabor. .o 329 | 20,200 g
July....... 2,790 172,000 - povember. . 3300 17,900 g
August,...... 1,600 98,400, 4300 18,400 -
September.......... eeraeenas treeeen erererens 465 21,700 2300 18,400 4
i . 4250 13,900 i
. . Theyedr.......cc.eennn eeeetiaeneeeeriaraaanaanan 2,270 [ 1,650,000, a 600 36,900 5§
1897-98 R 134 113,000 K
OCEODOT e vneneinennnrnnansnnensnnenanaraascannenanannes 1,760 500 [ 1,010 62,100 9,570 569,000
: .| d760 45,200 3,990 245,000 !
a 550 .33, 1,460 89, -
January..... deeseseataccenes heeaaenans ceeeeee afy 30,700 1,550 92/200 i
FODrUAIY ceeeeaenennnaaaruaaarens e .. z 3% %g,?o)g T
AR e | w0 | 2000 | 8,000 /810 | 1,310,000
B« eeeannrnnnsnsnsnsmsnnnaranannrananaeaaaans s 7,680 2,320 4,060 , 000 Octob
JUBe. ceienennennnns LI 15,100 4200 | 9,060 539,000 L T TTE TSI TRIS PPN 1,160 85| 1,010 62,100
Culy. s e SOOI 9,120 2,160 4,620 284,000 .Dovember.. ............................................................. ceeennan a 800 47,600
August........... et e eeaeeaeaeeeeeeanateeataearanas 2,080 720 1,420 87,300 ecember. ... . 2 600 30,900 ]
September..........cceuvuenn. eeetecesesariiesananaannan 1,200 |. 260 646 38,400 a5 30,700
4700 40,3
2,180 | 1,580,000 900 55,3% H
650 | 51700 :
347| 21,30 10,200 607,000
00| 23,80 5,260 323,000 .
300 18, 400. 2,040 125,000
2300 118,400 8 53,000
o 4% 22?,’% {"  The yoar -
a 450 : s = e eeiaee et ttaiieiiaeiaeiaaa.. 13,100 |............ 5
1,600 95,200 i ) 2,580 | 1,870,000
20|  Teiom g
f ' 608 42,900
14,500 892, 550 32,700 i
5,170 318,000 500 30700 :
2, 123, a 400 24,600
a 400 22
3,440 2,500,000, 550 33:800
= L5 | 6750
1,820 112,000 5,950 354,000
= 3,460 213,000
a 600 30,00 1,120 98,
a ng gg:% 639 38,000
a 5 B
a 500 30, 1,39 | 1,010,000
a 400 2, A 1905-6.
@ 500 30,700 )T U 600 420 486 29,900
78,600 a 400 23,800 .
@ 300 18, 400
300 18, 400 i
300 16,700 !
.. a 500 30,700 |
September...... 2,040 121,000 :
’ 5,030 309,000 A |
The VOBl e.oitieemnernareneesneranaennnancanassones| 12,400 foooooiiio... 6,830 406, H i
4,860 299, . B
2,240 138,000 ‘ :
1,260 75, - ‘
2,050 | 1,490,000
i
660
2,260 139'% B
: %100 2, ; a Estimated. :
¢ Estimated. " Nore.—No measurements in 1903; records questionable.




| Location.—In sec. 3, T. 1 N., R. 25 E., a.t'the ferry of the Jarvis or Park Live_St.bc

Accuracy.—Records good for all stages except for winter periods.
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N GREEN RIVER AT JENSEN, UTAL
GREEN RIVER NEAR BRIDGEPORT, UTAH. v IVE JENSEN, U

ocation.—About 300 feet below Billings Ferry at Jensen and about 15 miles from

Co., 3 miles south of the town of Bridgeport.
Records presented.—October 1, 1911, to September 30, 1914.¢
Drainage area.—15,700 square miles. o .
Gage.—Staff, consisting of two vertical sections and one inclined section.
Channel.—Gravel and sand; may shift at high stages.
Discharge measurements.—Made from the ferryboat or car on ferry cable.
Winter flow.—Discharge relation affected by ice. '
Diversions.—Water for the irrigation of about 285,000 acres is diverted above the

gaging station. :
Regulation.—None. - .

% Creek. v

Records presented.—November 7, 1903, to September 30, 1906. No estimates made

December 25, 1904, to March 12, 1906.

Drainage area.—26,600 square miles.

Gage.—Vertical staff.

Channel.—Bed of stream sandy and shifting.

Discharge measurements.—Before August 8, 1903, made from ferryboat; after

1. that date from cable and car. '

Winter flow.—Affected by ice.

iversions.-—Water is diverted for the irrigation of about 328,000 acres above the
g gaging station.

Monthly discharge of Green River nearIg;;'d%;;zrt, Utah, for the years ending Sept. 30,

. . oot ischargo in second-fect.
Discharge in second-foot Run-off Discharge in second-fee Run-off
Month (totalin Month. (totalin
Moximum. | Minknum. | Mean, | 8ero-feot). Maximum. | Minimum.| Mean, [ 2cre-foot).
1911-12 b 940 82| 1,29 61,400
el 1,390 | 1,730 106,
............ al,800 111, 000
...................... a 2,000 115,000
.......... 2,270 3,550 218, 000
........ 2820 7,58 451,000
........ 12,400 | 20,400 | 1,250,000
.......... 13,700 | 23000 | 1,370,000
5400 | 9,480 | 583,
2240 3100 191,000
............................................... 670 1,210 72,
L T T T e T s Lheperiod. ... e 4,530, 000
The Year. ccuuecuerreracneacacaniannnanncanns 16,900 {eevnennnnnn. 2,870 | 2,080,000
' ~ ) 670 1,040 64,000
1912-13. 1,330 81,800 November . .. 536 745 44,300
51,100 , 500 De 236 639 31,700
5700 43,000
b 850 52,300
b 800 44, 400 1,90 | 7,340 277,000
51,80 | 111,000 3970 8070 480,000
65070 | 302000 880 10,400 | 1,190,000
6,330 | 389,000 9,670 20,400 1,210,000
10,900 649, 000 5,160 9, 230 568,000
6,720 | 413,000 2520 | 3850 237,000
52,720 167,000 2,240 3,080 183,000
61,850 | 110,000
...................... 4,140, 000
3,3508 2,430,000

e Istimated.
GREEN RIVER AT LITTLE VALLEY,! NEAR GREEN RIVER, UTAH.

ocation.—Prior to December 31, 1911, in sec. 15, T. 21 8., R. 16 E., at highway
ridge 200 feet upstream from railroad bridge at Green River; beginning January
:1, 1912, 4 miles downstream in sec. 5, T. 22 S., R. 16 L., at Little Valley Ferry.
cords presented.—October 21, 1894, to September 30, 1897; February 16, 1905, to
-December 31, 1911, at Green River; January 1, 1912, to September 30, 1914, at
. Little Valley. The flow is practically the same at the two points.

Drainage area.—41,000 square miles, at lower station.

L pEPRRRODUTER

a On Sept. 29, 1914, the station was moved about 5 miles upstream to Bridgeport post office and a wgw
Stage recorder fnstalled.
b Estimated.

! Also known as “at Blake” and ‘““at Elgin.”

Vernal, 1} miles below mouth of Brush Creck, and 3 miles above mouth of Ashley.

-—

“Monthly dischargs of Green River at Jensen, Ulah, fbr the years ending Sept. 50, 1904-1906. -
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" Gage.~Chain gage at upper locatlon sl:aff a.nd automatic gage at lower location."
Channel.—Shifting. -
Discharge measurements ——Made from ‘bridge or ferry at Green River and from 3}

car on ferry cable at Little Valley. :
Winter flow.—Discharge relation affected by ice.
Diversions.—Water for the irrigation of approx_lma.tely 464,000 acres is dlverted

above the gaging station.
Accuracy.—Records fair.

Monthly discharge of Green River at Little Valley, near Green River, Utah, for the years
ending Sept. 30, 1895-1897, 1905-1914—Continued.

Discharge in second-feet.

Run-oft

Maximum. | Minimum. | Mean.

2, 152,000 | B.

2,050 122,000 | B.

Monthly discharge of Green River at Little Valley, near Green River, Ulah, for the years },%8 gé,?gg %

‘ ending Sept. 30, 1895-1897, 1905-1914. Lo} sio0 | D

6,110 376,000 [ B.

1. 22’% 1?,;8’% ﬁ'

‘1 . Discharge in second-feet. Run-oft 31:300 1’860:000 B.

o Month, (total in 13,400 824,000 { A.

: ' Maximum.| Minimum.| Mean, | 8¢re-feet). g:(l)gg %g:% ﬁ:

”1 L 8,780 | 6,360,000

18 1894-95.

P L M| M U AU A A S S O B AT RS i TN TN AT 0 WD Il 5 1 5 i P T SN 5 i) 0

ROT170) %) ) B ) S U 3,250 3,100 3,170 69, 200

. 174,000 | oS JCLODEr. . ooeeeo oLl A,
138,000 Al
133,000 B
119,000 .
232,000 A.
493, 000 A.
1,320,000 A,
869, B.
580,000 B.
205,000 B.
105,000 A.
A.

4,440,000

2,620 1,650 2,020 124,000
1,880 ’900 1,590 94,600 | ¢ L October. . ... A.
1,450 950 1,300 79,900 B.
1,500 1,160 1,330 81,800 C.
1,550 1,200 1,390 80,000 | AR OIUATY . ... e C.

4,540 1,450 2,460 151,000 | ~f S O T HAT Y e e e e C. .

13,100 2,960 4,930 203,000 | A ATCR L A.
29, 800 7,330 | 13,500 ,000 | SN PTH el A.
43,500 12,300 | 27,400 § 1,630,000 | K SUNEE 8V ecoiiiii Ll A.
11,300 5,140 6,720 413,000 | TN e - A.
5,650 1,870 3,240 199,000 | G Y el A.
9,430 1,740 3,060 182,000 | RS T URUSL. ........... A.
.................. B.

43,500 900 5,730 | 4,160,000

?l ;;g }30,“)0 ....................... B.
02,000 C.
41,300 79, 900 . 1,460 750 801 49,300 | C.
41,000 61,500 | - XSgNNR lanuary....... 3,510 930 1,980 122,000 | B.
a1,200 66, 600 2,580 1,330 1,720 95,500 | B.
42,000 123, 000 33,000 ,460 8,120 499,000 | B.
6,430 383,000 16,200 4,820 9, 290 553,000 | A.
43,500 | 2,670,000 | . AEEEERET 8Y-ccec--oon 32,700 11,000 | 22,400 | 1,380,000 | A.
26,600 | 1,580,000 62,200 32,700 { 46,300 [ 2,760,000 | C. «
6,320 389,000 42,600 3 25,200 | 1,550,000 | B.
3,260 200, 000 14,100 8,000 | 10,300 X A.
3,230 192,000 | < CSSREERNOPIOIMDOrceu . oot 18,000 5,170 9,960 593,000 | A. !
____________ 8,260 5,980,000 D

: 3,801 1,760 | 2,000 184,000 | B, IONEEEENCLODOr. ..o
Aprilecieaaneaa. tevernes tessasesansans ceveseneesans 6,360
. 24,200
JUDB.c.cvvvncnnnnininnrananenrearnserensassnranenss] 33,900 | 14,000 | 24,300 | 1,450,000 | B. e tA0UATY - onnnnnnnonninninne
AURUBE. .. evviniiiiiaiaiaateaaas 3,840
September..... 6,030

The period....eeeeeeieeniecnanniannannnn P U O S
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age.—Wire gage suspended from horizontal timber i
- ast
setin the bank of the river., eaed fo B0 upright posa

Monthly discharge of Green River at Little Valley, near Green River, Utah, for, 1
‘ ‘ Channel.—Shifting.

ending Sept. 30, 1895-1897, 1905-1914—Continued.

Nore.—8tation moved 4 miles downstream Jan. 1, 1912.

BLACKES FORK AT GRANGER, WYO.

_Location.—About one-fourth mile below Granger, below the mouth of Hams F°£ (i ; Der.. . LIl

Records presented.—April 28, 1897, to September 30, 1900. April 18, 1896, °tq] BDocember................ I a 80 4,760
April 27, 1897, a station was maintained three miles above Granger at Unignd

Pacific Railroad bridge, above Hams FFork.

¢ Estimated,
21022°—wsr 395—16——4

. - Discharge in second-feet. Rl Di'scha,rge measurements.—Made from cable and car.
Month. {iotal In ;J.mter. flow.—Affected by ice.
Maximum. | Minimum. | Mean, | 2re-feet)- Diversions.—Water is diverted for the irrigation
: N ! of about 55,000 a,
: gaging station. i cres above the
|
19i0-11 e 8 Accuracy.—Records can not be consi i k
gctobel]').e eeeenenes g,%g %% g, 35738 %gg’m : dered better than fair,
ovember............ 000 o Y :
?wembﬂ”mm ...... 4Z380 0% ;1;3328 lgg:% & Monthly discharge of Blacks Fork above Hams Fork, near Granger, Wyo., for the year
ANUATY < ceeevecnuncssacancosasasnsascscsanesasnsel 3,000 00 teeeanean 4 . °
February.ooeemvmeeoennonss 8, 640 16307 3,440 | 191,000 ending Sept. 30, 1896.
Mareh . oeoneeieciiaeinannans 13,500 1,500 ;280 | 386,000
ﬁpﬂl... ........... eatasasnasede lg,'{gg ;,%g lg’;& 3%6,000
8Y.u.nn cesesmrsecnennann 9, 000 Di i -
! June....i.o.... JORPORRN 27,600 1,300 | 19,400 | 1,150,000 Montl ischargoin second-feet. Run-oft
July. oot 16,400 4,9% g 400 | 520,000 1. * (total in
i . 147 1] A e T . y 3
171 . * Beptember.........1 11T 1 430 '520| Lo | 117,000 : Maximum. | Minimum, | Mean, | ere-fect).
(1] - THE JOBL e e veeeeenrermseneceesnsesreennnnn Lozmeo i 5,760 | 4,160,000 | 11830 .. vveceeeiie e, 470 230 388
| . AR Mt Aol bbbt IS WAt B2 < | o)L RS 10,
| 1911-12. b 3801 1,130 69,500
» OCHODOT e eeeveenannes eeeeeeraenenrenannanan 6,120 2,440 234,000 a1 440 [ 1,760 105,000
. NOVOMDBET. . on o nvnnmsmemssmaseaeasesanansasesnann 2,640 1,740 240 133,000 640 180 278 17,100
[Ef] = December........... 1,450 640 | 101,000 & 40 174 10,700
l"‘5 0 20 60 131 7,800
BBl . FODIUAIY.cnnoeeeencceccscocnceconanncessanceneenss| 2,000 1,480 L0001 203,000 1 "D Ririumuu . T PR et
Fl - EeDIUAIY..c.....cccciecinecnvcccncnancerecncncconnel @ 0] oo | 2'eoa | 9977000 | ACHAREEERE T 0 T TTTIITITIITTITTmesssesies et sttt ittt 220, 000
Monthty. discharge of Black: : ) ;
“ » - Y ge of Blacks Fork at Granger, Wyo., for the years ending Sept. 30, 1897~
i | 1900,
------------ Discharge in second-feet,
1 . Month, (Rul)ltn-off
] OCHODOI « v v aeeeeenenenresennnnanaeneaneneaneaasan 3,660 : . al in
llﬁ November... : : g Maximum. | Minimum, | Mean, | 3cre-feet).
. December.....
‘ 1896-97.
43 a120
] 2100 Z;S%
I 290 5,530
a0 4,300
a 50 2,780
2200 12,300
Cle 3" ;% 27;1,700
; ‘ : 1
l', i Tho Year.......evesees e eeeeeereeeeeeaeel 26,700 |l - 11:3;10 73;%
23 1013-14. : ; : o e
(0117013 PR cveeanans eveeenns 4,540 880 131 7 800
. ?

; 118 582 425,000
l. a 400 24,600
Il May.lll a 200 11,900

1 :% 11,100
‘ JUIY e senmeneenmeaansanaaaemeanininraanaannaanaas a8 2' i%
1713 August....... OSSR errveeeeeeaaans 6,300 od0| 4,620 284,000 a 500 30' 700
i . September............. PPN eeeereesienaceaanan 3,580 320 2,620 156, 000 1,670 99: 400
1§ , 1,700
. THO JOAT. . eeveeerenmeesessannnrenanasneens 50,800 |-oevveeeres| 9,780 | 9,080,000 2,520 9 L730| 103000
& W Ak e e L . 7T RSSOt 822 145 405 2,
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Monthly discharge of Blacks Fork at Granger, Wyo., for the years ending Sept. 80, 1

897
" 1900—Continued. L

Discharge in second-feet.

YAMPA RIVER AT CRAIG, COLO.

Location.—One. mile south of Craig, on steel bridge on road to Hamilton, a short]
distance below the mouth of Fortification Creek, the nearest tributary. t

Records presented.—April 1 to September 4, 1902; May 1, 1904, to October 31,%
1906; April 1, 1910, to November 30, 1913. Station discontinued during the win-*
ter months. ‘ “

Drainage area.—1,730 square miles.

Gage.—Vertical staff.

_Channel.—Slightly shifting.

Discharge measurements.—Made from highway bridge.

Diversions.—There are court decrees for diversions of about 1,260 second-feet from
Yampa River and its tributaries above this station, exclusive of a conditional }
decree for 587 second-feet from the North Fork of Elk Head Creck. :

Cooperation.—Since 1910 station has been maintained and records have been ful
nished complete for publication by the State engineer. !

Monthly discharge of Yampa River at C‘rgig, Colo., for 1902, 1904-1906, 1910-1913.

Discharge in second-feet.,

Maximum,| Minimum, | Mean.

4 370! 1,80
8,730 3,320 6,720
8,520 85| 3,970
1,080 198

165 90 115

Ky

WATER SUPPLY-——GREEN RIVER BASIN. 51

;Monthly discharge of Yampa River at Craig, Colo., for 1902, 1904-1906, 1910-1918—Con

Discharge in second-feet.
Month, Run-off

Maximum. | Minimum. | Mean, | 8cre-feet).

3,48 5,280 325,000
1,960 | 4,010 | 239,000

310 731 45,000

28 209 18,400

163 201 12,000

163 230 14,100

............... 654,000
510 1,580 9

1,920 | 4180 257:%

‘ 2420 | 5710 340,000
 August. 0| :
“8e) mber i ‘

Qc‘zober ......................................... .. 12 163 2% ggg

3 X 125 163 10,000

2July.....
~August. ...
8eptember.
October. ...
ENOVEIDOT. . . oeeoeiiiaiiiaeaaananannn.s

¥

i
;

2
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WATER SUPPLY—GREEN RIVER BASIN. 53
o o YAMPA RIVER NEAR MAYBELL, COLO. st i _ WILLIAMS FORK AT HAMILTON, COLO.
Y

Loca.txon.—At the Thornburg bridge, 9 miles below Maybell. The nearest tributary ;Locatlon.—Near Hamilton, at highway bridge, on the road from Meeker to Crai

is Deception Creek, which enters the river about 2 miles above. Morapos Creek, the nearest tributary, enters some distance below the station. &
Records presented.—April 17,1904, to October 31, 1905; June 12, 1910, to November ~ Records presented.—May 1, 1904, to October 31, 1906; April 15, 1910, to November

30, 1912. e 30,1913, S S
Drainage area.—3,670 square miles (State engincer’s report) * Drainage area.—378 square miles (Forest Service atlas). !
Gage.—Vertical staff  Gage.—Chain gage. , t
Channel.—Practically permanent - .Channel.—Shifting. '

Dmcharge measurements.—Made from highway bridge.

“ Diversions.—There are court decrees for diversions of 40 second-feet from Williams
Fork above the station and 7 second-feet below. There are also decrees for
diversions of 87 second-feet from tributaries entering above.

¢ Oooperatxon —Since 1910 station maintained and records furnished complete for
publication by the State engineer.

Discharge measurements.—Made from car and cable.

Winter flow.—Ice causes backwater at the gage and the records are dlscontmued
during the winter months.

Diversions.—There are court decrees for diversions of 115 second-feet {rom Yampa g
River between this station and Craig. Below Maybell there are decrees for
diversions of 37 second-feet from Yampa River.

Cooperation.—Since 1910 station has been maintained and records have been fur
nished complete for publication by the State engineer.

Monthly discharge of Williams Fork at Hamilton, Colo., for 1904-1906, 1910-1913.

Monthly discharge of Yampa River near Maybell, Colo., for 1904-5, 1910-1912. : Dischargo in second-feet.
: i Month. (Iff:tgr)l?l
] Discharge in second-foet. Runeoft {54 Maximum.| Minimum, | Mean, | dcre-feet).
Month., (totalin #%
Maximum. | Minimum, { Mean, ac“"[e“t)‘ 2
1,370 685 | 1,000 61,700
0 3451 667 39,700
g 330 75| 166 10,200
| i I T S
, 000 3,570
27}]: %C 95 39 61 3,750
220100 "FONE. | The period...........ceuveniniiniueiniinenninennenonenrennancsee.
2100 I TTOPCriof e 124,000
18,5004
: 336 0| 135 8,0
817, 000 1,680 25| 737 45,3?)8
1,550 231 745 44,300
212 58| 115 1070
126 3 46.6 2,860
: 62 23 36.6 2,180
? 102 30 43.6 2,680
.................................. 112,000
634 g9 | 218 13,000
2,580 260 | 1,340 82,400
e 1,730 514 | 1,120 66,600
iy 480 75| 230 14,100
Geptember . 126 . 54 78.4 4,820
i October - 158 35 74.0 4,400
............ 75 28 53.2 3,270
November. .... 189, 000
The Period. ...eoocoerereinnnnnnnsenmsmmmesaanaeeenfuereeirnnennformmaannaaaafoacnceesss 22,100
o 51,600
4,430 228,000 34,300
1,440 89, 600..] 6,210
216 13,300, g,sao
"384 22,303 3,460
.......... 450,000 3 129,000
2,720 |° 162,00 4,010
8,150 501, 0,200
8,020 531, %300
2,500 159,000 1300
To20| 6300 709
700 47,00 5%
. 1 910 55,900 2,810
November. - ... . 600 894 63,2005 4’8:1%3
The POriod. .o eueneeaeeevaainnnearanenaaeaaanaees IR U S o 1,570,000 54 114,000
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54 . COLORADO RIVER AND ITS UTILIZATION,

Momhiy discharge of Williams Fork at Hamilton, Colo., for 1904-1906, 1910~1913—Con Monthly discharge of Little Snake River near Dizon, Wyo., 1910-1913—Continued.

Discharge in second-feet.
Discharge in second-feet. 8 Run-off
Month. (bot?l i's
i inim acre-ieet).
Maximum. | Minimum. | Mean. M um.  Minimum. | Mean. )
L]
0 050 DR ADTiL.......iiiii it 991 193] 52 31,300
s 00 R Moy 6,140 778 | 3,240 200,000
5 5,480 1,210 | 2,910 173,000
23v 1,120 122 401 24,600
3 272 20 76 4,680
' 4' 122 20 77 4, 560
4 420 82| 158 9,700
45N S November. .1l 223 00| 152 9,220
i
........................................................................... 457,000
2,320 3631 1,350 , 300
2,600 1,370 | 1,880 116, 000
1,580 163 | o1 .
135 11 50.7 3,120
20 8 12.3 7
........... 49 11 36.6 2,180
........... 135 34 88.5 5,440
.......................................... 135 82 103 6,130
........................................................................... 250,000

DUCHESNE RIVER AT MYTON, UTAH.

ocation.—In secs. 24-25, T. 3 S., R. 2 W., Uinta special base and meridian, at the
- highway bridge at Myton, 8 miles below the mouth of Lake Fork Creek, and 15
miles above the mouth of Uinta River.

Records presented.—October 1, 1899, to July 10, 1906; April 10, 1907, to November

" 30, 1910; August 1, 1911, to September 30, 1914.

Drainage area.—2,750 square miles.

Gage.—Chain gage attached to upstream side of bridge.

Channel.—Cobblestones; fairly permanent.

Discharge measurements.—Made from highway bridge.

Winter flow.—The stream is frozen entirely across in the vicinity of the gage during
the greater part of the winter.

Diversions.—A large part of the low-water flow of the Duchesae and its tributaries
is diverted and used for irrigation above the station.

Regulation.—None.

Acturacy.—Records fair except during winter months.

LITTLE SNAKE RIVER NEAR DIXON, WYO.

Location.—In sec. 6, T. 12 N., R. 90 W., 1 mile west of Dixon. 1\{ea.rest tributaries
are Cottonwood Creek, which enters a short distance east of Dixon, and Beave
Creek, which enters a mile or less downstream.

Records presented.—June 1, 1910, to November 30, 1913.

Drainage area.—1,294 square miles (State engineer’s report).

Gage.—Chain gage.

Channel.—Slightly shifting during high water. o

Cooperation.—Station maintained and records furnished complete for pubhcat.xop
by the State engineer of Colorado.

Monthly discharge of Litile Snake River near Dizon, Wyo., for 1910-1913.

Discharge in second -feet.

Maximum. | Minimum. | Mean. Monthly discharge of Duchesne River at Myton, Ulah, for the years ending Sept. 30, 1900~
1906, 1907-1914.
Discharge in second-feet. Runeoff N
Month. (totalin t;fs'}'
Maximum. | Minimum. | Mean, | 8cre-feet). )
........................... a403 24,800
"""" 398 23,700
a3d47 21,300
a 370 22,800
a370 20, 500
...... 394 24,200
...... 467 27,800
...... 2,330 143,000
...... 1,700 101,000
...... 377 23,200
...... 271 16,700
........................................ 296 17,600
.................................................................................. 644 467,000

a Estimated.
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56

Monthly dwcharge of Duchesne River at Mywn, Utah, for the years ending Sept. 30, 1900~
1906, 1907—1914—-Contmued

COLORADO RIVER AND ITS UTILIZATION.

Month.

Discharge in second-feet.
Accu-

racy.
Maximum. | Minimum, | Mean.

WATER SUPPLY-—GREEN RIVER BASIN,

Monthly discharge of Duchesne River at Myton, Utah ,Jor the years ending Sept. 30, 1900~
1906, 1907-1914—Continued.

August. ...
‘September......

Thoyear.......................

1902-3.

[010174) 1.7 R U freees

November.

1903-4.

_October.............. ........ PR TTP

October.................

. November.............
Marf]h 13-31.....
ril......

September24—30........... .........

1905-6.

October......ccovveeiiiannn.

330
330

484 355
411 313
355 274
840 274

e Estimated,

Month.

Discharge in second-feet.

une.....

Maximum.

[l

<

.

g
®

..

OR=prur>

B8388
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a Estimated.
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b COLORADO RIVER AND ITS UTILIZATION., ,
8 WATER SUPPLY—GREEN RIVER BASIN. 59

Monihly discharge of Duchesne River at Myion, Utah, for the years ending Sept. 30, 1900-

‘Monthly di ; Y ,
1906, 1907-1914—Continued. Monthly discharge of Uinta River at Fort Duchesne, Utah, for the years ending Sept. 30,

1900-1905, 1907-1911—Continued.

. Discharge in second-feet. Run-off
Month. (lotal in
Maximum. | Minimum. | Mean. | acre-feet). Discharge in second-feot. Runeoff
Month. (t(;]tgioin Accu-
1912413, . . acre rady.
1,79 336 5 45,800 Maximum. | Minimum, | Mean, feet). :
404 184 253 15,600 !
1,530 328 657 39,100
4,160 |.....cunnune 689 500,000 110 70 9
- ‘ 10 0| 10 6,90
55
525 32,300 | AL %R T O Y - e sl e a 193(; 2,35(3)8
445 26,500 | B,/ N FODIUATY. ..o 8135 7,500
........................ 6321 19,700 205 77 132 8 120
308 24,300 184 87| 117 6,960
............. a 380 21,100 4,520 218 | 1,19 73’000
............ a 492 30,300 485 184 261 15 500
380 947 56, 400 201 97| 140 8,610
pl ) e IR
, 97
244 N5\ I 224
Sepﬁsmber. USSR 244 292 17,400 163,000
RO JOAT e eeeenreeensrearararnsnnns eemeens 6,240 [oouenennnns 1,030 | 746,000 | 't SN OCEODOT .. .eeeeeiteeiiie e 184 97| 116 7,130
- ettt 137 109 gg 6,960
.................................. o 7,990
a Estlmatqd. . o135 7: o
....................... ae
: UINTA RIVER AT FORT DUCHESNE, UTAH. T i

Location.—At wooden highway bridge on road to Vernal, one-fourth mile from Fo 2,6& Ol 43: 850
Duchesne. : : l»gag 2§g (ig 37,000

Records presented.—October 1, 1899, to November 30, 1904; April 9, 1907, 2 p g:zgg
November 30, 1910. : 22 30 54 3,220

Drainage area.—672 square miles. Cra R LDOYRAr. e 2,000 |-oeeenennen. 198 143,000

Gage.—1899 to 1904, vertical staff; 1907 to 1910, chain attached to bridge April
1907; datum of chain gage entirely different from that of tho staff gages pr lgg goc, 7 4,850

: 5
viously used. : , 105 102 8,000

Channel.—Bed of stream rocky, but at times a section at the station 18 filled in with : ggg lgé }2{» 2;, 338
sediment brought down during floods from Deep Creek. o 2,730 51| 1,440 85,700

Discharge measurements.—At high stages made from the bridge; at ordinary; A Lol a4 21,100
stages by wading below bridge. . B 259 70| 121 7

Winter flow.-—Affected by ice. :

Diversions.—Water diverted for irrigation by numerous ditches on the Uinta and 25 | 149 9,160
Whiterocks rivers above the station. Comparatively small amount diverted for48 et n 123 3 gt 1340
irrigation below station. v i e - b 4 5.3 5,4%

Accuracy.—Results somewhat impaired by eddies around the crib piers and by. 1, giig 161 | 966 59,400
deposits of sediment brought down by Deep Creek. g(l)g i% 3(2); ?%:383

. . ;s . 149 9,160

Monthly discharge of Uinta River at Fort Duchesne, Utah, for the years ending Sept. 30, 181 107 | 137 8,150

1900-1905, 1907-1911. ‘ 1904,
........................................... 215 u5| 182
Discharge in second-fost. oo | Novembor, 11111111 184 136 | 168 0%
Month. (total in - 1907
Maximum. | Minimum, | Mean. | acre-feet). .
: 1980, 535 15,800 | B.
1899~1900. 39,000 | B.
o] ag3 5,010 111,000 | B.
a1l 6,600 114,000 | B.
6114 7,010 ,900 | B,
a125 7,600 15,100 | B.
a125 6,940
123 7,560 325,000
094 52’3(9)8
31 25: 600 o Estimated.
67 4,120 .
36 2,210 .
62 3,690
192 139,000
o Estimated.




60 COLORADO RIVER AND ITS UTILIZATION.

" Monthly discharge of Uinta River at Fort Duchesne Utah , Jor the years ending Sept. .30

1900-1905, 1907-1911 —Contmued

Discharge in second-fect.
Month,

Maximum.| Minimum,| Mecan,

Run-off
(total in
acre-feet).

Accu-

OCHODOr . . < veeeeneaneniennnennsnnnn eeeeeennea- 241 79 144
November.......... teeereeceracaaaaaa. rereanean cee 147 94 126

EEErEY Uww

WEOARENOAUR >

BEEECOUUIUERE

o Estimated.

UVINTA RIVER AT OURAY SCHOOL, UTAH.

Location.—At the highway bridge 5 miles below station at Fort Duchesne.

Records presented.—November 1, 1899, to December 9, 1904.
Drainage area.—967 square miles.

Channel. -—Rocky, filled in with sediment during.part of year.

Discharge measurements.—At high stages made from bridge; at ordinary stages b

wading about 200 feet below.
Winter flow.—Discharge relation affected by ice.
Accuracy.—Estimates only fair.

~ Gage.—Original gage a vertical board fastened to east side of south crib of the brid
new gage rod, with zero 1 foot below the datum of old gage, installed April 20, 1904

WATER SUPPLY—GREEN RIVER BASIN.

Monthly discharge of Uinta River at Quray School, Ulah, for 1899-1904.

Dischargein second-feet.

Run-oft

.| Minimum.

Mean,

(totalin
acro—f?et).

]

SN -
15
&

2 B8 oo
538888 |8

NI YU
©
=1
=]

2
gl88s

a Estimated.
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. WHITE RIVER AT MEEKER, COLO.

oo » X h, one-half mile sou
ion.— c. 23, T. 1 N., R. 94 W., at Van Cleave’s ranch, :
LOO::?;{ M?e}ks:r. N,earest; tributary ab:we is Curtis Creek; nearest below is Sulphur}

k.
RecS:‘?les presented.—April 1, 1902, to October 31, 1906; May 7, 1910, to November :
14, 1913. Station discontinued during winter months. . .
Drainage area.—634 square miles. .
Gage.—Automatic recording gage.
Channel.—Practically permanent. ) )
dge.
i e measurements.—Made from hl.ghwafy bri :
g;izhrt:fm.—There are court decrees for diversions of 186 seco_nd—feet i.rom White
River above the station and 59 second-feet from tributaries entering s),bove;_f
Below; there are decrees for diversions of 198 secgnd-feet from White R.xver. » v
Cooperation.—Records since 1910 published as furnished by the Stato engineer, who

maintains the station.
Monthly discharge of White River at Mecker, Colo., for 1902-1906, 1910~1913.

Discharge in second-feet.

Month.

Maximum, | Minimum. } Mean,

»

WATER SUPPLY—GREEN RIVER BASIN. 63

5 Monthly discharge of White River at Mecker, Colo., for 1902-1906, 1910-1913—Continued.

Discharge in second-feet.
Run-off
Month. (total in

Maximum. | Minimum.|{ Mean. acr&feep.

=
g3
2BERRRES

81883883838

H

H

'

:
~
-3
=

B

* February 20-29

6
 March.......... = 26,

PRICE RIVER NEAR HELPER, UTAH,

Location.—In sec. 25 or 26, T. 13 8., R. 9 E., at settlement known locally as Spring
" Glenn, 2} miles south of Helper; about 2 miles above the diversion dam of the

% Grande Railroad, 4 miles below mouth of White Creek.

Records presented.—February 20, 1904, to September 30, 1914,

Drainage area.—530 square miles.

Gago.—Vertical staff on left bank.

Channel.—Shifting during sudden floods.

Discharge measurements.—Made from cable and car.

Winter flow.—Relation of gage height to discharge is affected by ice during the

¥i winter, .

Diversions.—Records indicate the amount of water available for the Price River

Trrigation Co. and for the canals for the town of Price, which divert a few miles
below the station. No important diversions above the station.

¥ Price River Irrigation Co., and 300 feet west of the main line of the Denver & Rio

s g
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o
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64 COLORADO- RIVER AND ITS UTILIZATION.

Regulation.—The Price River Irrigation Co. has a reservoir with a capacity of abou
24,000 acre-feet (ultimately to be increased to 30,000 acre-feet) on Gooseberry

WATER SUPPLY—GREEN RI1VER BASIN,

M i Y lscha qe ()f.l rice ICLUC near Ile T, 1/ y Y years (!)ld ng p 0 4—
A 'O‘ n hl d Y ;‘I r near I l])e ’ tllhv (0] thc [
: 9 K4 {2 Se L. 3 ) 190

Tork of Price River about 40 miles above the station. Stored water is turned:

Discharge in second-feet.

Run-off
(lotal in
acre-feet).

out of this reservoir during the irrigation season and passes the gaging station on Month,
its way to the canal below.
Accuracy.—Record fair. . ’ o0
Monthly discharge of Price River near Helper,- Utah, for the years ending Sept. 30, 1904 e TR reeenneenas R
1914. £ December. ......

Discharge in second-feet. Run-oft

Month.

Minimum,| Mean. | acre-feet).

Maximum.

2,070
2,250
1,800

861

38 . ..
zgg g ; g % g'.gxg ; fSeptember............oo
A y T i

13 30| 33 16,000 THO YOAr .. eeeeestiiii e
259 97 183 7,260
100 44 57.6 3,540

August... 63 27 38.7 2.380 | . S N o ber . TTTTTTTrrr e
BOPIOIMDOE .+t evarnrarnrecnsurumnmananas veeeeeaas 63 9 38.1 2,270

) 1904-5.

October...... cveeraaanaad eeseesaceraens teerenneas 63 20 20.5 1,810
NOVOIMDOL.eueeeersonnsanacsosenanansnoscsccses veen 35 14 21.2 1,260
DOECOMDOT .« cveenceannuernnasosecesusssasarosssonse 63 9 17.8 1,000
JANUATY caacsvrrrrnmconcrsonssaannsasasssncnss [ 30 18 21.1 1,300
Fobruary........ PP PPN 60 24 36.3 2,020
MAICH .t e eenanencaeanaesnatosssascnissasasancocacan 69 37 49.8 3,%

000na
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R
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8| 582838358288
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Theyear.ccceeueeeannen teenasceereiasiaen . 910
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a Estimated.
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66 . COLORADO RIVER AND ITS UTILIZATION.

Monthly discharge of Price River at Helper, Ulah, for the years ending Sept. 30, 19 k

kY

“& : WATER SUPPLY——GRAND RIVER BASIN. . 67

Monthly discharge of Sun Refacl River near Green River, Ulah, for the years ending Sept.

1914—Continued. 30, 1909-1914—Continuod.
Discharge in second-feet. Run-off Discharge in second-feet.
Month. (total in Month. };l‘gﬁffl Accu-
Maximum. | Minimum. | Mean, | 8crefeet) Maximuin. | Minimum, | Mean, | 8cre-feet). | ™Y
1
October 1913-14. 5 %0 0.8 N ssov 1910-11. i
CEODOL ¢ < aesseresansaannnncnsennsenenssnnesnnnns .
November. 1. ARSI 7 | 4o 3800 %20 ] ol mewc
ecember .. ceeeeeens . . 150 68 . 'y
© JADUBLY - aetnnnnenennn 41 23] 3.9 1,960 1,550 o8| o S0l B
February.............. 57 30 40.0 2,220 649 137 196 109001 A
March. . eeuenenennnans 205 29| 127 7,810 261 108 | 164 10,100 | A
April..oooii.. 704 170| 471 28,000 279 A 91001 A
MBY. oeeenaiaeenns 1,680 4771 1,160 71,300 i ol i 57
June... 206 150 | 465 27,700 939 bl ,300 | BB
July... 571 126 | 208 12,800 238 54 98.8 6,200 | B
August . 285 9| 17 7,190 614 s g 6,08 | It
Septembe: 45 50.6 3,010 2,070 50 159 o 3}8 ﬁ
)
TTHO YOO« v eueneeneenecncnnnsnnsnananses 1,680 16 234 170,000 220 o7 157,000
1911-12.
October.......... e eemeeeretietetcteenee ...
SAN RAFAEL RIVER NEAR GREEN RIVER, UTAH. Novembor. . (B
. X c.
Location.—In sec. 27, T. 22 8., R. 16 E., at the county bridge near the J. C. Morrig g,
. . . N . W .
ranch on the main road from Green River to Hankesville, about 16 miles south: D
west of Green River. A
Records presented.—May 5, 1909, to September 30, 1914. Al
Drainage area.—1,690 square miles. &
Gage.—Vertical staff attached to downstream side of right crib abutment of bridge. b.
Channel.—Shifting; frequent discharge measurements are nccessary. Y
Discharge measurements.—Made by wading at low water and from cable at high
. ; D.
) stages. . . C.
Winter flow.—Affected by ice. C.
Diversions.—Water is diverted above the station for irrigation in Castle Valley. D.
~ small amount of water is diverted below the station. s R
Accuracy.—Fair, except for periods during which the observer was unable to read B.
gage because of excessive deposits of silt. B
‘ ' B.
Monthly discharge of San Refacl River near Green River, Utah, for the years ending Sepi, B,
80, 1909-1914. ) .
1913-14.
: 4,46
Discharge in second-feot. Runofl Tim| B
0! 4,000 | ¢
Month, . (total in 3;3x0 ¢
Maximum. | Minimum. | Mean, | 8¢re-foet). 3,610 | C
) B.
' 1909, . ' 100,000 | B.
MBY 5-31uuannennranenennansennanamrasannseanas 1,660 20| 71 38,600 8,200 | B3,
June......... 3,610 1,09 | 2,450 146, 000 18,100 | B.
July....oeenn 1,310 200 523 32,200 2,770 | C.
August....... 3,730 180 745 45,800 1,500 | C.
September...... 4,720 150 655 39,000 764000
. B el
The POriod . e .ueereernarvrnrraseenneneeenence]ioneiinnieafimeiaaaienefereeeenne. 302, 000 :
e Estimated.
140 mo| 128 7,870
360 130 162 9,640 GRAND RIVER
| g8 | 4@ BASE
0
2,100 690 | 1,200 73,800 THE- MAIN STREAM.
: B | ek i
02 : i PR . : ..
530 of Lus 27 Grand River and its tributarics drain an area comprising approxi-
d i ately 25,900 square miles, of which 22,290 are in Colorado and the

jirest in castern Utah.  On the cast and southeast the basin is bounded
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68 .. -  COLORADO RIVER AND ITS UTILIZATION.

by the high ranges of the Continental Divide, which separate it from’
the basins of Platte and Arkansas rivers; on the north it is limited"§
by the White River and Book Cliffs Platcau, and on the west by tho °
canyon district of the Colorado. :
Grand Rivor rises among the high peaks of the Rocky Mountains in 3
north-central Colorado and flows southwestward to its junction with -
Green River, traversing approximately 423 miles. Its tributaries .
include Fraser, Blue, Eagle, Williams and Roaring forks, Gunnison :
and Dolores rivers, all of which enter from the south. i
i In most respects the Grand js a typical mountain stream, flowing
I throughout its course in a succession of long, narrow, fertile valleys
il alternating with deep canyons, whose precipitous or even perpendicu-
lar walls in places attain a height of 3,000 feet above the water’s edge. &
The headwater region, comprising approximately 50 per cent of tho &
basin, is extremely rugged, including clovations ranging from 7,000
to 14,000 feet above sca level. Stream channels are numerous, and
gradicnts aro steep, the fall ranging from 20 to 150 fect to thoe mile. |
The intermediate or middle part of the basin—that part immediately . |
cast and west of the Colorado State line—is dry, broken, and much
croded. ;
The rocks of the basin include all varicties, from the granites and
. igncous masses on the crest of the Continental Divide to the younger
‘ and less resistant sedimentary rocks of the platcau region. The soils
of the upper basin, though shallow, generally contain considerable
It organic matter; those of the intermediate basin are largely decom-
1l posed and disintegrated sedimentary rocks which grade imperceptibly -
i from one to the other. In the lower basin vegetation is scant and
] soil erosion consequently large. ‘
The precipitation ranges from 5 to 10 inches in the lower basin, &
10 to 20 inches in the intermediate region, and 20 to 30 inches in the &
headwater region. By far the greater part of the precipitation is in » &
the form of snow. (See Pls. VII and VIIL.)
1§ The forests of the mountainous part of the basin, except in a few :
{14 localities, are good—equal to any in Colorado—consisting of spruce,
H quaking asps, cedars, and pifion. The intermediate basin is fairly |
11 well forested with quaking asp, cedar, and pifion. The lower basin
i supports only scattered pines, cedars, and pifions, the prevailing P
3 vegetation being sagebrush, chico, and cactus pads. &
The greater part of the timbered area in the Grand River basin |
above the Gunnison is included in the Arapahoe and Holy Cross 7
national forests. These reserves in the drainage basin of the Grand .
include about 1,400 square miles of merchantable timber land, 900 & "
squarc miles of woodland, and about 800 square miles of burned
area. '

WATER-SUPPLY PAPER 395 PLATE VI

SNOW AND ICE ON COLORADO MOUNTAIN STREAMS.

U. 8. GEOLOGICAL SURVEY




WATER-SUPPLY PAPER 395 PLATE vitl

U. 8. GEOLOGICAL SURVEY

CONTINENTAL DIVIDE NEAR TOLLAND, COLO.

WATER SUPPLY—GRAND RIVER BASIN. 69

At two points along Grand River—Iot Sulphur Springs and Glen-
wood Springs, Colo.—hot-water springs containing hydrogen sulphide
increase the temperature of the river water, but probably all these
springs together add less than 20 second-feet to the flow of the river.

Natural storage within the basin is restricted to a fow high moun-
tain lakes, of which Grand Lake is the largest. There are, however,
reservoir sites along the Grand and its tributaries, of which tho
1 Kremmling reservoirsite is by far the best.  (See pp. 210-211.) A
1 standard gage railroad now runs through this site.

PRINCIPAL TRIBUTARIES.

Roaring IFork.—Roaring Fork, which enters the Grand at Glen-
wood Springs, drains a large arca lying chiefly in Pitkin County
and reaching to the Continental Divide. It is one of the largest
tributaries of the Grand. Iryingpan Creek and Crystal River are
its most important branches.

Gunnison River.—Gunnison River is formed in Gunnison County,
Colo., by the union of East and Taylor rivers, two streams whose
origin is among the snow-covered peaks and on the slopes of the
= Continental Divide in the northeastern part of the county. They

flow through narrow mountain valleys and unite about 12 miles
sbove Gunnison. From the junction of these rivers tho Gunnison
flows west and southwest to its union with Grand River at G
Junction, in the central part of Mesa County, Colo.

§  The upper course of the river lics through a broad, mountainous
g valley, but near the mouth of Lake Fork the valley becomes narrower
and the river enters Black Canyon of the Gunnison, through which it
- winds in a tortuous course for 56 miles between granite walls that
4 riso precipitously 3,000 feet above the water’s edge. A short dis-
4 tance below the mouth of North Fork the canyon walls break
§ bruptly, and the valley is broad and fertile. Below Delta the river
enters another narrow canyon whose walls average 800 feet in height,
and this canyon continues irregularly to Grand Junction. A few
& tracts of narrow bottom land lic between the channel
& walls.
The chief tributaries of the Gunnison are Ohio, Tomichi, Lake
' Fork, and Cimarron crecks, and Smith, North It
rivers, North IFork being the largest.

North Tork rises in the ITuntsman Hills, 20 miles south of Glen-
~wood Springs, flows in a general southerly and southwesterly course,
~and unites with the Gunnison about 8 miles west of Hotchkiss.
The drainage area is highly mountainous, except for a small part
below Paonia, extreme points reaching an altitude of 13,000 fect.
All the tillable lands of the North Fork and its tributaries have heen

rand

and the canyon

ork, and Uncompahgre
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brought under’ cultivation, and irrigation is practiced to -such’an
extont that the entire flow is needed for cxisting systems. - -+ g
“Uncompahgre River, the principal tributary of the Gunnison from
the south, rises among the snowy peaks of tho highly serrated Uncoms
pahgre Mountains and flows a little west of north to its junction with
the Gunnison at Delta. The basin embraces a mountainous plateau
and valley 1,130 square miles in arca, and oblong in shape, the width
increasing slightly at the lower end. The mountain area occupies
only a small part of the basin but contributes the perennial waters
The plateau area is greatest in extent and borders the valley on both
sides, the larger Uncompahgre Plateau lying to the southwest
Uncompahgre Valley proper begins at a point near Eldredge siding
on the Denver & Rio Grande Railroad, and comprises abou
140,000 acres of irrigable land. ‘ :

Ohio, Tomichi, Lake Fork, and Cimarron creeks, from which water
for this land is chiefly obtained, are perennial streams, but almos
their entire volume is diverted for irrigation during the growin
season, so that very little water reaches the Gunnison cxcept at times
of heavy storms or during spring floods. The meager records o
precipitation indicate a range from 9 inches in the plateau region
about 25 inches in the mountains.

The run-off of the Gunnison drainage basin is protected to a larg
extent by four forest reserves, comprising a total arca of about 5,70
square miles, of which approximately 3,800 square miles is in ‘th
basin. About 65 per.cent of this area is in standing timber, the r
mainder being classed as sagebrush, barren, and burned.

Dolores River—The Dolores rises in the La Plata and San Migu
mountains, whose highest peak, Mount Wilson, exceeds 14,000 {ee
in elevation. After flowing southwesterly about 50 miles, the river3
turns to the west and enters Grand River about 15 miles west of th

an Miguel is about 300,000 acre-feet, and the San Miguel furnishes
t least half as much. Probably 600 square miles of the Dolores

DISCIHIARGE RECORDS.

GRAND RIVER NEAR KREMMLING, COLO.

ocation.—In sec. 23, T. 1 N., R. 81 W., at the entrance to Gore Canyon, 3 miles
southwest of Kremmling. Nearest tributary, Blue River, enters a mﬁe below
Kremmling.

iRecords presented.—July 24, 1904, to September 30, 1914.

[Drainage area.—2,380 square miles. :
age.—z}utomatic recording gage, except during the winter months, when a staff
gage isread. Automatic gage was installed in 1910; prior to that time staff gage
--and chain gage were used.

Gl}a.nnel.—Somewhat shifting; the bed scours at high stages and silts during low

: mt.er flow.—Although the river is frozen entirely across at the station thert; is
ht‘,tle, if any, backwater, as shown by discharge measurements made dl’n*ing the
winter. Rapids below the station remain open and thus prevent backwater
‘except for short periods when ice jams on the rapids.

‘emmlin.g reservoir site.—The station is at the site of the proposed Kremmling
regervoir of the United States Reclamation Service. With a 230-foot dam at the
- mouth of Gore Canyon the capacity of the reservoir would be 2,200,000 acre-feet
tDiversions.—Above this station there are court decrees for diversions of severai
thousand second-feet from Grand River and its tributaries.

ccuracy.—Although the channel is somewhat shifting, sufficient discharge measure-
‘ ments have been made to form a basis for fairly reliable estimates of flow.
ooperation.—Station maintained since 1910 by State engineer, who furnished
records complete for publication. ’

”nthly discharge of Grand River near Kremmling, Colo., for the ye di
1904_1914-9, , Jor the years ending Sept. 30,

Colorado-Utah line. TFor the greater part of its course the riv Discharge in second-feet.
flows through deep canyons, but in the vicinity of Dolores the valle Month. (totaion Acou-
broadens, and for about 40 miles is half a mile to a mile wide. Much? i Moximum. | Minimum, | Mean. | 8cre-eet).| 7"
of this area is cultivated. In Paradox Valley also considerable land3 1904,
is cultivated, chiefly from small tributaries running into the m 25,200
strcam. By far the greater part of the Dolores water is used for irr] 53,100
‘gation in the San Juan drainage basin, to which it is diverted byg 172,000
means of a tunnel and a great cut into the Montezuma Valley. -3 19,700

San Miguel River, the most important tributary of the Dolores§ 13:23%
which drains an area immediately west of the headwaters of :th g%
Uncompahgre, rises in San Miguel County, Colo., and enters g;%
Dolores about 12 miles east of the Colorado-Utah line at an elevatio gg%
of about 5,000 feet. In general the stream and its tributaries flo 5‘??&

northeasterly. Considerable land along the San Miguel is irrigate
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‘Monthly discharge of Grand River near Kremmling, Colo., for the years ending Sept. : onthly discharge of Grand River near Kremmling, Colo., for the years ending Sept. 30,
i TR ; ‘ 1904—19¥4e—00nt1nued. ) 1904-1914—Continued. :
. G T . Discharge in second-feet. &“@;’{’g . Discharge in second-feot. Rune
Month., = . . HESER NN e . Month O | Acou-
.. | acre-feet). onth, (total in
. . eon; : racy. - ‘
 {Maximum. | Minimum, | M S Maximum. | Minimum. | Mean, | 2crefeet). ™Y {
" 1905-6 !
. cesibanaaen . 520 : 368 475 29, 200
ggtvoel;gll').e.l:.. .......................... : 232 97 419 24;900 263 53,100 | A
DOCOMDEr..caee e eaieeiiiiaaa s . 815 228 325 20,000 562 33,400 | B
April...... oI o 3,020 725 | 1,440 85,700 : 2393 24/200 [ B,
Y L = 8,350 1,430 5,060 311,000 | 37 oNE SOOUBIY . oo SN . a 434 26, 700
May.... 11,600 4,440 7,080 421,000 A L .. a 425 24,500
oy [ 4710 1,820 3,290 202’900 ............ a 465 28, 600
i b AT A
il o y
September...........ccoenuunnn eveneereaeaanas . 1,680 ’ 4 (1;' 040 33’ 200
) .o . ‘ ' ’ 00
October...... eeene 1900‘7 ...... ST OPR: 1,140 565 817 50,200 ,
NOVEIMDOI . . cverneeeeanesannnnrieasaseesensoceans 755 | - 405 540 32,500 }°
PDecember......ooeeaenreaenns o igg -------- 395" e ?«);Z 23’ % - ?g? :;)g' %
February 18-28............... 2,520 ’ . 3% /74 53,700 | A 4,660 203, 000
1,690 101, 000 4,610 | 274,000
3,680 | 226,000 1,970 { 121,000
9,170 | 546,000 949 58, 400
6220 | 382, 918 54, 600
1,700 | 105,000
784 46, 700
822 50, 500
653 38,900
719 44,200 a375 23,100
407 24,200 374 23,000
259 5 24, 800
]J};e:&r‘nrger.. a304 lﬂi 700 | D SR HBICI . - oooocvuiii H45 33,500
Februarir. ) a 306 17,600 | D TSR P o eenn 1,520 90, 400
March. . a 419 25,800 7,320 450,000
April 1,290 76,800 | A HRERNNEE TUDO- o« ne e 10, 500 625, 000
Apil... 2,300 147,000 | A ICHME TULY .ol 3,450 | 212,000
May....o-eo 4,720 281,000 | AJSEEN A UBUST - - o.cne 1,580 97,200
Jume........ 2010 | 124,000 | ‘A September. .11 I I T 871 1,800
AUBUSE . o ooiieiiiiiiniianaaeaeennns e 1,310 %'ggg PN, The year....... 2. 371 1
September................ S 755 465 597 1500 | ACE i T e Bl ,370 | 1,720,000
THE YOI unurnrnnnanrnreonnrannearnnans e 6,510 ..oeennennn. 1,230 991100? a Estimated.
1908-9 L 30,000 .
OCtODOT - et iieiiiies ceaeeiieiaiiaeaenaann 510 415 488 y GRAND RIVER AT GLENWOOD SPRINGS, COLO.
NOVOIMIDOL . « v eevenenenenrasecnsecsncnmnamneannaess 502 260 . g% %g, %
R;‘r"‘?{f‘_‘f"i_-.-::::::::::::::::::::::::::::::::::::::: """" e ;g_,()' 864 51,400 . Locatl?n.--At Glenwood Springs, at the point where the discharge from the hot
May...ooonnrsiin s 5800 PF g Bt gg;% springs enters the river. No Name Creck enters Grand River about 2 miles
......................................... 9y 4] y s I . . .
Fuly o 11,500 200 | 5,20 324,000 7. above the station and Roaring Fork enters one-half mile below.
......... 120 3 6 p :
Soper, 1 2,280 ‘08| 1410|830 Becords presented.—January 1, 1900, to September 30, 1914. No estimates made
to00-1 - for 1899.
909-10. . .
OCHODO e evanenenencnenensneseenenenaaeneeannnnns if)ﬂms . ﬁé? Z’g ;?, ;% Drainage area.—1,520 square miles (measured on Nell’s map of Colorado).

300 <) N y 3 ot 4 : . . .
ggggrr:‘l;::_. s bl 302 37 %'% g Gage.—Chain gage originally installed at the railroad bridge just above the Roaring
February.. e il :’;0“2, 00 - Fork, but January 1, 1900,‘ a staff gage was installed at the present location. Since

4,020 ) fm '1;,% . 23?'38?) 1902 a number of automatic gages referred to the staff gage datum have been used,
;: (2)3((; 2, om0 Z;g,% the present one being a Friez gage.
2,420 710 1,270 : Channel.—Sli ifti
i\lﬂgd%t. i fop g 18,200 Saans e lightly shifting.
T L SO PP 960 478 7 42,000 ischarge mensu.rementx's.—Made from a car and cable stretched beneath the
. e i s . State Street Bridge, which crosses the river one-third mile below the gage.
I%%“?(};;Le . 8 403 o 2% 000 inter flow.—Ice never forms at the station, as the hot water from the springs keeps
January 650 330 420 26,200 the water above the freezing point.
3 590 350 } , o s
{,[;};{‘lll‘my g ?m . ;'23 i’;ﬁ' ;2% ﬁclz?.l control.—The Shoshone power plant of the Central Colorado Power Co.,
: £ b y : : . y
FRE e %;:'15’00 1,51{23 Q10| 213,000 6 miles above Glenwood Springs, has sufficient pondage to withhold the flow of
May............. 8300 320 6,10 a79,000 the river for a portion of the day during low-water periods.
5,850 , 0 . i - : ; .
J‘;lﬂgmt ........................................... 1',6;(} 950 1180 Zg: % Diversions. Betvfzeen'thls station and the one near Kremmling there are court
BOpHEIDercee e nnecninanannaaeaeaans e 965 695 804 ) decrees for a diversion of 13 second-feet from Grand River and 1,508 second-feet

“from the intervening tri i
a Estimated. g tributaries.
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Accuracy.—Conditions are favorable for accurate results and the estimates are con
sidered reliable. :
Servme and Central Colorado Power Co.

' Monthly dwcharge of Grand River at Glenwood Sprmgs Colo., for the years endmg Sept
30, 1903-1914.

WATER SUPPLY—GRAND RIVER BASIN,

30, 1900-1914—Continued.

75

Monthly dwchargc of Grand River at Glenwood Springs, Colo., for the years ending Sept.

Cooperation.—Station- maintained in cooperation with the United ‘States Fo:estf

; ot . : - : Discharge m second-feet. (lfunio.ﬂ
T . . = Month, o otal in
Dol e Maximum. | Minimam. | Mean, ”'cw"ef’t)t

1900.

1901-2,

’ [T URU RO 970 870 917 50, 400
) ggt‘;:}m%e . 9§§ 2;8 e ig:%
ORISR %8 8
December............. e e L “: v
Bl  February........00l00 845 600 775 43,000
"""""" 882 710 802 49,300
2,770 | ¢ 742 1,420 84, 400
. 14,000 3,880 9,820 604, 000
une. .. 12,100 2,770 | 7,320 435,000
£ B JULY 127 oo eee et e , 860 99,800 |
i The Period. .. ....euuiveeeeneneaaneananannns ereaaas O PO AT 1,520,000

Discharge in second-feet.
Run-off |, .~
Month. (total in }acy
Maximum. | Minimum. | Mean, | 8cTe-feet). I
!
.................. .. 1,510 1,130 1,320 81,400
1,160 642 854 50, 800
.- 746 355 599 36, 800
...... . 812 670 753 46,300
.............. .- 764 554 672 37,300
.............. 1,060 746 906 55,700
............ N 3,260 956 1,640 7, 600
.............. 13, 000 3,140 6, 680 410, 000
.............. s 27,700 7,980 | 16,600 987, 000
.............. .. 7,650 2,470 3,610 222,000
............ . 2,520 1,340 1,740 107,000
....................................... 1,700 1,130 1,360 80, 700
................................... 27,700 355 3,060 | 2,210,000
....................................... 1,240 1,070 1,140 70,200
...... 1,220 620 1,070 63, 500
........... 770 530 685 42,100
................... 660 505 610 37,500
............ 760 630 685 38,000
.......... 1,810 690 1,060 65,200
................ 5,790 1,370 2,780 165, 000
........ 17,400 3,080 9, 750 600, 000
.......... . 27,600 7,58 | 13,900 827, 000
8,080 3,900 5,930 365, 000
4,250 1,900 2,770 0, 000
...... 5,140 1,870 3,340 199, 000
.................................... 217,600 505 3,640 | 2,640,000
3,790 1,010 1,730 106, 000
1,420 642 1,100 65, 500
1,010 455 801 49,300
760 520 674 41,400 | B,
a74 704 853 47,400 | B.
3, 5 795 1,550 95,300 | A.
5,680 1,460 3,180 ,000 | A.
16, 500 2,820 6,820 419,000 | A.
24, 700 7,740 | 18,400 | 1,090,000 | A.
) 6,250 | 11,400 701,000 | A.
5,460 2,220 3,290 202,000 | B.
2,340 1,180 1,670 99,400 | B.
24,700 455 4,290 | 3,110,000
1,850 1,230 1,400 ,100 | B.
1,430 830 1,070 63,700 | B.
..... 1,130 580 &9 51,600 | C.
..... 1,180 690 954 58,700 | A.
........... 910 580 745 42,900 [ A.
........... ,510 830 1,130 69,500 | B.
................... 3,690, 910 2,230 133,000 { B.
....................... 5,980 1,940 3,790 233,000 | A.
..................... 11,100 4,980 7,880 469,000 | A.
..................... 5,330 2,140 3,280 202,000 | B.
....................... 2,980 1,440 2,080 128,000 | C.
...................................... 1,300 705 884 52,600 | B.
.................................... 11,100 580 2,190 | 1,590,000
1,180 785 960 59,000 C.
1,180 75 885 52,700 | B.
925 430 677 41,600 | A.
1,070 525 771 47,400 | A.
750 575 665 36,900 | A.
1,070 602 861 52,900 { A.
2,910 1,580 94,000 | B.
10, 200 2,010 5,830 358,000 | B,
37,200 7,250 24,500 | 1,460,000 | C.
18,100 3,140 8,470 521,000 | B,
4,520 2,400 2,910 179,000 | B.
3,660 1, 800 2,480 148,000 | B.
T FORT e v ennrnneeeeeeaaaaaaeneeannns 37,200 430 4,220 | 3,050,000
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.. Monthly discharge of Grand River at Glenwood Springs, Colo., for the years end_ing Sep

GRAND RIVER NEAR PALISADES, COLO.
30, 1900-1914—Continued. :

Zocaﬁon.—About sec. 3, T. 11 8., R. 98 W, at the State bridge 2 miles above Pali-

, sades. Nearest important tributary, Plateau Creck, enters about 6 miles above
the station.

“Rocords presented.—April 1, 1902, to September 30, 1914, '

Discharge in second-feet. Run-off

Month (lotal in
’ Maximum. | Minimum.| Mean, | acre-feet).

. {
: 1909-10. 1750 1140 1,460 89,800 Drainage a.rea.—-8,550 square miles. \
October........... e , ' 845 g Gage.—Chain gage; location and datum unchanged. !
- November.......... R :
o December......oooiiiiiiiiiiiiiaiins Ch. el.—Practically permanent.
%«:3,‘;3?;5,::“”“ UM ischarge measurements.—Made from bridge to which the gage is attached.
“ arch...

Prior to 1906 measurements were made from the suspension bridge at Palisades,
where conditions were less favorable for accurate determination of discharge. o
Winter flow.—The river usually frcezes over a portion of the year, but except for i
slush and ice and an occasional thin ice cover the effect on the discharge rela- i
tion is slight.
:Diversions.—There are court decrees for diversions of 420 sccond-feet from Grand
River and 2,500 second-fect from intervening tributaries between Palisades and
‘the Glenwood Springs station. The proposed high-line canal of the United States
- Reclamation Service will divert 700 sccond-fcet 7 miles above the Palisades
-station. DBelow the station the Grand Valley Irrigation Co. has a diversion of
- 400 second-fect. '
Accuracy.—Conditions are favorable for accurate results, and the estimates should be
g reliable.

-Cooperation.—Since 1910 ficld data furnished by the United States Reclamation
* Service. )

Theyenr...cccoeveeen.. et iteeeeeaaaan 15,200 |.ooveeennn- 2,880 { 2,090,000
: 1911-12,

e Monihly discharge of Grand River mear Palisades, Colo., for the years ending Sept. 30,
: 1902-1914.

Dischar ge in sccond-feet.
Run-off
Month.

: Accu-
(total in racy.

Maximum. | Minimum. | Mean. | 3cre-feet).

............. 3, 3 101,000

............. 18, 000 4,400 [ 12,200 | 750,000

..................... 14,500 3,420 | 8650 | 515,000

......................... 3,600 1,350 | 2,200| 135,000
............................. 1,460 1,030 1,210 ’

........................................ 1 72, 600

, 86, 700

................................. 5,150 1,330 { 2,320 138, 000
....................................... 16, 500 4,190 8,08 | 552,000
....................................... 25, 100 13,000 | 19,600 | 1,170,000
....................................... 16,100 4,19 | - 8,780 540, 000
....................................... 3,800 1,700 | 2,220 136, 000

; . 1,820 1,050 1,410 86,700 : e
gctobel;’------------------------'“'"::::::::::::. 1,200 " 803 1,060 63,100 I TUNG . . . . .o ee e
OVember.......ocoeeieiniennananes Bt 529 682 41,900 BJUly ...
December-. ...... 891 613 733 45,100 BAUZUSE . .. ... o i,
JOADUOLY o v eneeeraenemnrersneasasanrascssennasonns et ped 7o 41,000 | A e
February...... A 725 1,010 62,100
M 3,770 1,340 2,600 155,000
24,200 3,490 | 12,500 769,000
29,700 9,226 | 18,700 | 1,110,000
8,870 3,990 5,830 y
4,570 2,010 2,710 167,000
2,240 1,340 1,700 101,000
29,700 529 4,150 | 3,000,000

a Estimated from discharge measurements and by comparison of records at adjacent stations.
b Estimated. .
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ver near Palisades, Colo.,

for the years ending Sept. 30
1902-1914—Continued. Co

Monthly discharge of Grand Ri

Discharge in second-feel.

February...ceeeeeeae..
March............ PR

The year.....t.........; ....................

[O70171717. R A :

June............

P ey e SR

The year,eceeeveennnnn vevenen STTTPNPR

“Monthly discharge of Grand River near Palisades Colo

)

1902-1914—Continued.

WATER SUPPLY—GRAND RIVER BASIN.
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-» Jor the years ending Sept. 30,

Discharge in second-fet. Run-off
Month, (fotal in [Accu-
Maximum. | Minimum. | Mean. | acre-feet). rac}:
1911-12, |
9,770 L,960 | 3,420 210,000 '
2,220 Lso|  1Le0| 114000
41050 1320 1760| 108000
........ 31650 2080 | 2710 161,000
............ 33,600 4260 [ 15,600 | 959000 .
................ 43,400 17,200 30, 600 1, 820, 000
.............. 28,900 1,200 | 17,200 | 10060, 000
............ 12,200 2,620 | 5400 | 336 000
....................................... 3280 2,00 | 2450 | 146,000
.................................. 3,460 2,210 2,50 155,000
.............. 2,480 559 2,020 | 120000
............ 27 1370 | 1,900 | 101000
............ 8030 2,700 | 520( 312 000
............ 20, 800 8, 180 13,300 818,000
............ 20,300 8640 | 13200 786,000
............ 7,830 2,780 [ 4,050 | 303 000
.......... 2,620 L2 | 1850 | 1147000
..................... 3,780 1280 | 20250 | 134000
1913-14. h
......... 2,780 L6 2,120| 130,000
: 2, 540 430 170 102 000
1,760 1150 | 1,380 52,000
............ 2,040 1530 | 1,80 | 104000
.................... 2,700 1320  180( 115000
................. 6,080 220 | 4340 58, 000
............... 38, 800 5,720 [ 20,800 | 1,280 000
............. 42,800 17,800 | 20,700 | 1,770,000
............. 17,400 6, 880 10, 800 664, 000
................. 8,640 2,70 | 4,20 264,000
..................................... 3,580 Z10| 2580|1500

ERec
i Drainage area.—8,640 square miles.

t0age.—Vertical staff fastened to stone pier of bridge;
channel.

EChannel.—Water flows in two channels at medium and

shifting. =
charge measurements.—Made from bridge.

onthly discharge of Grand River at Grand Junction, Colo

GRAND RIVER AT GRAND JUNCTION, COLO.
—At wagon bridge, 300 feet from city waterworks pump house at Grand
- Junction, a short distance above the mouth of Gunnison River.
ords presented.—October 1, 1896, to September 30, 1899.

auxiliary wiro gage in second

high stages, both somewhat

sccuracy.—Estimates only fair, owing to the unstable conditions of chaunel.

-, Jor the years ending Sept. 30,

1897-1899.
Discharge in second-feet. Run-off
Month. (totalin
Maximum. | Minimum, | Mcan. | 8cre-feet).
1,430 1,530 94,100
910 1,280 76,200
1,100 67, 600
1,000 61,500
1,150 , 900
............ 1,380 84, 800
1,360 3, 480 207,000
11,000 | 27,500 | 1,600,000
13,300 [ 23,300 | 1,390,000
3,730 7,970 490, 000
.............. 1,840 3,240 199, 000
1.7 1,940 115,000
.......... tesdeteninatecenan. 37,200 ... ........ 6, 260 4, 540,000

N
i
9
Il
|

.
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Monthly discharge of Grand River af G’rcmd Junetion, Colo., for the years endmg Seph
80, 1897-1899—Continued.

v Discharge in second-feet. Run-off .
Montih. (total in ’»
Maximum. | Minimum. | Mean. acre-feet).

October....ovavenen.. T 1,950

November 1,750

December.. . 1,600

January... 2,940

February. 2.980

March....... 3, %(1)8
b

October.......
November. .
December ..
January....
February..........

Marchoecs coneeeraneannnonnncaesns

N 5 | Ceeeneaes
MAY eeeeeercannransansarressoaaceneesenn
JUDB. ce everaennmnnnesansseecassssaceomnsmnasnaseeacsasnnan
JUlYaeneononennonanenaans eeeaeeraceaseiaceraraaanas
AUBUSEeeeeeeeariarrerecmaenacanananes ereveeneteeanaas
. September........... e teatesneeenareeanarsaaeaaaaaaan

THO YOBI.us «encennenenaaaneanneannrannsnnsenosannsslsoeanranssealiasenanions 6,940

GRAND RIVER NEAR FRUITA, COLO.

Location.—In sec. 20, T. 1 N., R. 2'W., at highway bridge 1} miles south of Fruita.:
‘Nearest important tributary, Little Sa.lt; Wash, enters a mile below the stauon,i
Gunnison River enters at Grand Junction, about 12 miles above.

Records presented.—January 1, 1908, to September 30, 1914.

Drama,ge area.—16,800 square mlles (Hayden’s Atlas).

Gage.—Chain gage; datum was raised 0.05 foot May 3, 1911.

Channel.—Practically permanent. .

Discharge measurements.—Made from the highway bridge. L

Winter flow.—The river is frozen over durlng a portion of the year and readmgs arg
taken to water surface through a hole in the ice.

Diversions.—Between the Palisades station and Fruita nearly 500 second-feet are
diverted during the irrigation season.

Maximum stage.—Since the establishment of the station the maximum stage has
been 15 feet, which occurred June 9,1909. The highest stage known was about
18.5 feet on July 4, 1884.

Accuracy.—Records as a whole reliable, but only fair for periods when the monthly i

mean discharge was estimated.

Cooperation. —-Ga.ge-helght record furnished t.hxo'ugh the courtesy of the United{¥

States Weather Burcau.”

e October. .
f:November..
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Month.

Discharge in sccond-feet.

Maximum.

Minimum,

Mean.

Run-off (in | Accu-
acre-feet).

1'30?’.

—

P

3,750, 000

184,000

B.

B.
A

- Theyear.......ccoevveennn.... eereeeeeaana. 34,100

1910-11.

e d e

8 Estimated.

21022°—wsp 395—16——6
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i nd River near Fruita, Colo., for the years ending Sept. 30, 1908
Monthly discharge of Gra ) ear Frutta, Colo.,, . “

Discharge in second-feet. Run-off (in

acre-feet).

Month. Maximum.| Minimum.| Mean.

1912-13.

3,710 | 4,340
2,750 | 3,630

THe Y8l eeuereeeaeaserernannnnnnnans ceresenn
1913-14.

OCtODOr oo v evneennenens PPN

November....... Meessssensssssasnes

Docember..eeeeeeceeeeen [

The Fealeeeureeaasanncssnanmnmrsasecsonccns

o Estimated. S
GRAND RIVER NEAR MOAB, UTAH, .

Location.—In sec. 26, T. 25 8., R. 21 E., at highway bridge 3 miles northwestof;

Moab, 33 miles from Thompson. Mill Creek enters about 2 miles below . the:
b
station.

Records presented.—October 1, 1913, to September 30, 1914. o
Drainage area.—Not measured. N i ) S
Gage.—Chain gage attached to bridge. Auxiliary gage painted on bridge abutme?
Channek—Gravel and sand; shifting. ) . s
Discharge measurements.—Made from brldgg.
Accuracy.—Estimates of discharge may be considered good_.

On November 10, 1914, the station was moved 23 m:xles upstream to the Dg 7ol
Ferry. No tributaries or diversions between the two points. 4

R

Monthly discharge of Grand River near Moab, Ulah, for the year ending Sept. 30, 191

' Discharge in second-feet.
Run-off (in
Month. acre-feet). | racy
Maximum.| Minimum,| Mean. g
3,040 . 4,050 249,000 | B
October....ceeee.ee cessressssiesesesaenan b :1;?(0) 3:040 200 e %
November......... P 33 b 0 s s ¥
December.......---- oI 6,400 1650 | 2,930 | 180,000 | B,
Ty 8,350 1,950 | 2,730 152,000 B
Horpary- 5,300 2050 | 3,640 | 224,000 A
Mardh---oo 14,100 4400 9,810| 584,000 | B,
focll--- 58,800 10,500 | 33,800 | 2,080,000 | A
A 65,600 28,600 | 47,200 | 2,810,000
Joneeeeee 29,200 12,000 | 18,400 | 1,130,000 | By
T s . 13,800 4660| 81200 499,000 g
Q&g&fﬁb& .................... 6,940 3,660 | 4,460 | 265,000 | B,
THO JOAT« e reeermneensernemnnn erreenaenaas 65,600 1,560 | 11,800 [ 8,530,000 | &
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ROARING FORK AT GLENWOOD SPRINGS, COLO.

Location.—On bridge 500 feet above the mouth of the river in Glenwood Springs.
#  Nearest important tributary enters about 3 miles above the station.
lecords presented.—April 6, 1906, to September 30, 1909; October 1, 1910, to
%" September 30, 1914. |

Drainage area.—l1,450 square miles (Nell’s map of Colorado, 1903).

Gage.—Chain gage; location and datum unchanged. !

Channel.—Practically permanent but rough, Extremely high water in Grand

¢ River may cause backwater at the gage. Measurements made at stages as high

28 5.7 feet on Roaring I'ork and 9.2 feet on Grand River have shown no backwater

effect.

Discharge measurements.—Made from highway bridge.

Winter flow.—Surface ice rarely forms entirely across the river, but slush and anchor
ice frequently occur. Discharge measurements sometimes show backwater from
v dce.

Diversions.—There are court decrees for diversions of 196 second-feet from Roaring
= Fork above the station, and 795 second-fect from the various tributaries.

Accuracy.—Conditions arc favorable for accurate results; estimates should be reliable.

Cooperation.—Since 1910 the station has been maintained in cooperation with the
; United States Forest Service. -

3 ;ﬁthly discharge of Roaring Fork at Glenwood Springs, Colo., for the years ending Sept.
30, 1906-1909, 1911-1914.

Discharge in sccond-fect.
Run-off A
Month, (totalin |2 :g)‘,‘
; Maximum. | Minimum, | Mean, | 8Cro-feet).
~ 1906.
ADII6-30. - oo oe e ciaeeeaan 2,530 670 1,310 65, 000
Y et et et et e e e e aaan 6,910 1,280 4,290 264,000
D8 ee e m e e eemne e e eam e e e e e e e aneanas 11,400 4,740 7,060 420, 000
v e e e n e e 6,060 2,220 4,000 246,000
L S 2,640 910 1,590 97,800
J7511 1107 1,870 784 1,150 68,400
b Theperiod. .. ..o e e 1,160,000
S . 1906-7.
T SRR 1,340 700 943 58, 000
(L Y 858 375 604 35,900
7111177 520 225 421 25,900
: 450 266 368 22,600 § C.
450 290 367 20,400 | B.
995 330 554 34,100 | B.
2,640 670 1,490 88,700 | B.
5,300 1,090 2,410 148,000 | B.
8,040 2,750 6,270 373,000 | A.
8,000 3,600 5,500 338,000 | A.
3,120 1,240 1,980 122,000 | A.
1,200 805 1,030 61,300 | A.
8,040 225 1,830 | 1,330,000
1,040 670 802 49,300 | A.
670 375 504 30,000 | A.
486 360 453 27,900 | B3,
510 400 433 26,600 | A.
450 350 400 23,000 | A.
650 400 500 30,700 | A.
1,980 400 1,160 69,000 | A.
3,190 1,190 1,870 115,000 | A.
, 2,620 4,38 261,000 | A.
3,510 1,190 2,170 133,000 { A.
1,680 670 1,210 74,400 | A.
6 455 534 31,800 [ A.
6,320 350 1,200 872,000
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Dischargoe in second-feot.
Run-off
Month. (total in
Moximum. | Minimum. | Mean, | 8cre-feet).
1908-9. ;
OCHODOT . « v ecvecescmeesnnasasaseseonsonasaaspeorss 625 455 530 32,600 [ A.
November. 540 390 447 26,600 | C
December. 555 375 455 28,000 | B
January. .. 510 300 410 25,200 | C..
February.. 400 300 362 20,100 | C."
March... 450 350 421 25,900 | C.
April. 1,500 450 782 46,500 | A.
May.. 4,730 905 2,910 179,000 | A:
June....... 11,300 2,820 8,350 497,000 | B
July.. 8,740 1,700 4,070 250,000
August. .. 2, 1,220 ,4 91,000
September........ 2,840 935 1,530 91,000
The year........ . 11,300 300 1,810 | 1,310,000
1910-11
October. ...... R 760 485 587 36,100
November,...... ensenes 655 380 494 29,400
December..... T Rt toesesannnn a 383 23,600
January....... eeeeeaanan 680 270 403 24,800
February.creecesecasannns 680 315 389 21,600
March....... teveesaaacans 790 365 514 31,600
A ril..... ....... svecanans 2,530 645 1,040 61,900
..................... 5,430 1,500 3,820 235,000
September 15300 nneencnncecannnnenns . , 040 715 948 30, 100
1911-12. -
Oclober. .... eeeeaneemeenaaaaneiaceaeirnaaaens 4,800 680 1,490 91,600
November.. .. 1,120 365 653 38,900
December.. 680 365 521 32,000
January.... 535 370 445 27,400
February. 460 330 385 22,100
March.. 535 370 423 26,000
April. 1,380 435 900 53, 600
ay. 9,810 1,750 4,040 248,000
June. 12,800 7,240 10, 000 595, 000
July. 5,840 3,650 5,000 307,000
August. . 3,270 1,420 2,160 133,000
Septomber. taecsuassiennesaraasonanas 1,370 785 983 58, 500
L R R R RRRREEE 12, 800 330 2,250 | 1,630,000
’ 1912-13 J
OCUODET. v e vennnsnmnacmccscsonoannnconcsases 2
November..... teneeaecesaseaenraaesaseaeenas 41,000
DOCOIMDOT e« v ceoveraenancacosesnssnannaassnaces 33,300
J ANUALY -« cvnnvaaaesoassnansnnansesunesananns 27,700
...................................... %,32%
E s 1 W L
Marehh..ooveeeemmee eI 66,600
................................... 239,000
feeeesenanaann ieatessessaisasnaveatsansen 276,000
............................................... 135,000
.................................... 47,500
...................................... 47,700
.................................... 1,010,000
1913—14.
October.....coaceenven T 820 590 702 43,200
November 650 560 614 36,500
December. 560 350 472 ,000
May 5-31.. 12,300 3,040 7,650 410,000
June...... 4, 7,140 11,000 655,000
July.. 9,070 2,620 6,230 383,000
August. 2,6 852 1,310 80,
SOPLOMIDOr.cer e cnrennanannesaseeeneennne PP 638 701 47,100
o Estimated.

water.

WATER SUPPLY—GRAND RIVER BASIN.

GUNNISON RIVER AT WHITEWATER, COLO.

¢ Rocords presented.—April 1, 1902, to October 31,1906. Station discontinued dur-

ing winter months.
rainage area.—7,870 square miles.
: Gage.—Chain gage attached to bridge.

ccuracy.—Estimates of discharge fair.

. Channel.—Gravel and small bowlders; somewhat shifting.
ischarge measurements.—Made Irom bridge.
inter flow.—Discharge relation affected by ice.

Monthly discharge of Gunnison River at W, hitewater, Colo., for 1902-1906

Discharge in second-feet.

Month, oo
- (totalin
Maximum. | Minimum, | Mean, | 8cre-feet).
-
1902.
e , 700 80| 2,080 124
ST 8,350 2,58 | 5930 3651%
................ 1920 177,000
; 57 35,000
37,500
39,700
31,000
809, 000
135,000
502,000
746, 000
316, 000
80,700
76,400
54,700
50,200
49,800
...................... 2,010,000
570 7 4
600 774 44'55)33
510 648 39,800
570 | 2,250 134,000
2,9 | 5,620 346, 000
25710 4,600 274,000
630 1,320 81,100
1,100 1640 101,000
695 | 1,300 65,700
730 1,300 4
...................... 1,210,000
810 | 2,49 148
6,000 | 12,700 782;%
6,760 | 16,800 | 1,000,000
1,520 '2,7% 171,000
1,430 87,900
962 57,200
1,100 67,800
.......... 2,310,000
1,730 | 4,59 273,000
5130 | 14,800 910,000
6,920 | 14,400 857,000
3,10 | 4,710 ) 000
1,20 | 2080 128,000
1,050 [ 1,680 100,000
1,420 | 1,69 104,000
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o Estimated.

86
- GUNNISON RIVER NEAR GRAND JUNCTION, COLO. Monthly discharge of Dolores River at Dolores, Colo., for the years ending Sept. 50, 1895
K : . pl. -
Location.—At steel highway bridge, 1} miles south of the town of Grand Junctioy 1903, 1910-1913. !
¢ near the mouth of the river. ' -
Records presented.—May 1, 1897, to September 30, 1899. Station discontinue Month Discharge in second-feet. Runoff
during winter months. ) “ Maxi - (totalin
Gage.—Vertical staff bolted to bridge pier. aximum,| Minimum, | Mean, | 8cre-feet),
Channel.—Rocks and filled with sand; somewhat shifting. —
. Discharge measurements.—Made from bridge. 490 127 270 16, 600
Winter flow,—Discharge relation affected by ice. o 177 gg 2;3 12,8%
Accuracy.—Discharge relation affected by backwater from Grand River; - estima 4
: . . 97 68 7
only fair. g 0 o 0 ?’3‘7’8
. = i‘al;)uary 605 281 419 26, 400
Monthly discharge of Gunnison River near Grand Junction, Colo., for 18971899 Mach Y. USSR R o300 18, 400
557 96 244 15
1,580 144 747 44, 400
Discharge in second-feet. ’ 058 58,900
263
Month it 1?: %
‘| Maximum. | Minimum. | Mean, 38 2,340
- 195 11,600
B B L A it A uleiiehels 317 230, 000
20,700 11,800 | 16,000 | 1,040,000 RS Ootober. .. oo.o..o o ciiiilLL
19,100 5,370 | 11,200 113 ¢ 950
5,370 1510 3,230 T o
1,850 160 975 2200 e
1,510 160 628 200 1230
o 2,020 1,060 1,470 | . 90,500 SEEEBMAICh. ... oo a200 11,100
NOVEITIDOL . 4 e o vseeennnnanaserssnnenniossonrssnnsasesssece 1,2 230 033 | 55,500 SRR ADTil.... ...l ]a 200 12300
........ 480
THO POHIOA. v versnenceeeeneimenmsunnssnsmeans|omenenceeeclieeseeenenrlereeenero| %160, 100 gy 2777 "l): 2;‘18 1?:%
........ L
o ’368 2;:%
B SRS g 9,100
...... 394 ’m
o] 200 615 446,000
391
172 %3:388
2120 7,380
150 9,220
@150 8,330
3200 12,300
1,090 ! 000
1,210 74,200
1,510 89,900
490 30,100
120 7,3%0
78 . 4,640
The period..... TR PPPRRTRPR FPPPPRPPPR T TEEEEE IR i e 343,000
3
DOLORES RIVER AT DOLORES, COLO. A o
: . . A 100 6,150
Location.—One-fourth mile southwest of the railroad station at Dolores, in Mo 43; ’%;3
zuma County, Colo. Nearest tributary, Lost Canyon Creek, enters some distan 785 48300
Y,. Y . . vy 499 ,
- above the station. During 1895 to 1903 at footbridge one-half mile-above ral b4 5, %
M SO Noplember. ... ........ 4
station. ' ‘ i optember , ... 11111l ] lf,%
Records presented.—July 1, 1895, to October 31, 1903; August 27, 1910, to NovemesiOctober............... ’
ber 30, 1912. . 33 B 9 5
Drainage area.—524 square miles (State engineer'sreport). iYLV % 30 151 o zé‘g
Gage.—Automatic recording gage. Vertical staff at old site. AN 164 lg'g ’;’3‘_} ‘?;%28
Channel.—Practically permanent. G Iz 3 101 ; g: S0
Discharge measurements.—Made from bridge. e L740 s 1,30 hignd
Diversions.—No data. Sl '220 37 808 48,100
Cooperation.—Since 1910 station has been maintained and records have been f 25 P A 1,780
nished complete for publication by the State engineer. iR/ THOYeAT............ 1,740 o
, 20 276 201,000
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* - Monthly discharge of Dolores River at Dolores, Colo., for the years ending Sept. 30, 1895-
1903 1910—1913—Contmued

Discharge in second-feot.

river about 200 feet below the gage.

during winter months.

WATER SUPPLY—GRAND RIVER BASIN.

SAN MIGUEL RIVER AT FALL CREEK, COLO.

89

,Loca.tlon.——At. wagon bridge at railroad station of I'all Creck. Fall Creck enters the

'Records presented.—July 1, 1895, to September 30, 1899. Station discontinued

N Maximum. | Minimum. | Mean, Drainage area.—Not measured. i
- Gage.—Vertical staff {astened to north abutment of bridge. 1
Channel.—Fairly permanent.
Discharge measurements.—Made from bridge or by wading.
Accuracy.—Estimates fair.
Monthly discharge of San Miguel River at Fall Creek, Colo., for 1895-1899.
July..... dhescressanssens eereeeeesarasecsaans ceeans 266
August....eeeeeeonena cesreaeaden . - 343 100 174 is : ool
Se}ftember. cieesanenn e eisttnsenneaneatressenannenen cees 220 19 42 Discharge in second-feet. Run-off
: Month, (totalin
chober . 1901-2. e — Feeren 37 19 20 Maximum, | Minimum, | Mean, | 8crefect).
July... . 675 219 347 21,300
AUBUSE. - o oo eeeeetaeaeaaaaaeaneeeaaeeaaaeananrnannns 312 145 230 14,100
............................... 168 61 100 5,950
............................ 101 42 64 3,940
................. 180 fouenennnens 30 ,780
................................................................. a 10 615
........................................................................... 47,700
e e me| 137 8420 GEERTAPHIIIZB0 ... y w1 :1147 3% 10,600
..... 40 10 47,300
Sep S S fereereenaanaaaans " o8 130 4R 20,800
L 1 |on m e
................................... .l 43 7
October . . 116 1,070 pd e 10500
N 1910. 135 49 82 5,040
August 27-31.ceeeeaennne. e eeeeesenesnanenneen PO veee 84 55 gg% ............................................ 147 22 57 3,390
e eeeeeeeveiesearesaraereeaeaeans . 9 .
September........ 141 bl M hatis. <IN, v NS GO RRRURURTRSPUR: NEUUOUUUUUN ISUUUURUUS OO 111,000
Octob 1910-11. o1 ol 13
C ) cecasbecnae 4
November....oeeeeenunnen FOTPR heeresiaeeaanns . 112 62 89.4 a0 3,600
DOCOMDbOr. ..o eveveceernonnnannniaannanes ceereaeenn 102 84 85.1 a 60 3,330
Janusary...... teevanecberesatesosnastasnsasnaansatens . 80 60 70 a 60 3,690
Fobruary...c.c.uv..- eentmeaeenaneianenaoasasesns eaes 113 65 73 213 12,700
March, vl S 692 67| 25 962 369 626 38, 500
April.... 2,060 548 | 1,080 997 504 774 46, 100
Mﬁy. P [ ceeeeeinans [N e 2,860 1,390 | 2,160 621 243 375 23,100
B | 11 T O Ceeieeiessessenennaan 2,220 895 | 1,620 288 122 183 .11,300
JULY. . e eeeeeeerat e araaas 1,840 605 | 1,040 304 132 215 12,800
August. ........ rereeeeaeeeneana, 695 180 :{g&l) %g 1(23% 1% 1;,3(118
eeamesererreraaas eeneeas rreeeeneinnaaeas 82 s
September il I Ml Ml - (5 Y0 OSSOSO USUO SISO SRR I 75 4,610
ereeieeaseeeneiaraeaaaas ceeeens 592
The year......cccore-e 2,800 ) .l RO Year..eunennneeeeeeeeeieeeeeeeeeeeeneneea] oo 243 177,000
1911-12.
October 1-2...eennnn. 1,510 1898.
November 12-30 165 '206| 7,740 8% April 11-30.............. ettt aaaaiaaaa, gg }% gg }g,%
December 1-12. . OSSR 1,340 571 813 48,400
............................................ 760 109 380 , 400
............................................ 183 100 133 8,180
........................................... 121 66 89 5,300
............................................ 66 30 50 3,070
......... 66 22 40 2,380
........................................................................... 120,000
................................................ 299 25 134 7,970
.................................. 934 126 414 25,500
............................... 995 249 538 32,000
............................ 387 176 238 14,600
................... 387 105 195 12,000
ceeees [ reveen veun 138 64 101 , 6,000
.......................... e 98,100

e Estimated.
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SAN MIGUEL RIVER AT PLACERVILLE, COLO.

Location.—About sec. 34, T. 44 N., R. 11 W., about three-fourths of a mile },
Placerville, Colo. Nearest tributary, Rio del Codo, enters at Placerville,

Records presented.—September 13, 1910, to November 30, 1912.

Drainage area.—504 square miles (State engineer’s report).

Gage.—Vertical staff.

Channel.—Permanent.

Discharge measurements.—Made from the bridge during high water and
wading at ordinary stages.

Diversions.—No data.

,Cooperahon.—Statlon maintained and records furnished complete for pubhca

. by the State engineer.

Monthly discharge of San Miguel River at Placerville. Colo., for the years ending Sepz
1910-19138.

Discharge in second-feet.

Month.
Maximum. | Minimum, | Mean,

BREE p oo on

'S

~ COLORADO RIVER BELOW MOUTH OF GRAND RIVER.

GENERAL FEATURES.

' rado flows southwestward, passes across the northwestern corne
i Arlgona, then turns to the south and for the remainder of its co
- forms a part of the southeastern boundary of Nevada and Califo
- and the western boundary of Arizona. It discharges into the Gulf & .
Cahforma about 119 miles below Yuma, Ariz. - :




>
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g F'rom a point about 8 miles below Yuma and for a distance of
miles the river forms the boundary between the United States
| Mexico, the position of this part of the international boundary
emg defined as the middle of the stream.
& Technically tho Colorado is navigable from its mouth up to Laguna
Bdam and above the dam as far as Needles. The navigability of the
Blower river was apparently recognized in the treaties with Mexico
,’ egarding the international boundary line, but the current is so swift,
 water over bars in the river itself is so shallow, and the range of
e in the tidal bore at the mouth is so great (30 feet) that there has
n practically no commerce on the river below Yuma since the
thern Pacific Railroad comploted its track in 1876. United
EStates Army engineers who have investigated the river have always
greported that expenditure for improvement of the river was not
ustified.
The delta ! of the Colorado extends practically from the mouth of
Eithe Gila westward to the San Jacinto Mountains and southward to the
ewater of the Gulf, and on the north it merges with the Salton
in. When the river is low the water winds deviously over a bed,
many places wide and shallow and overywhere confined by bsmks
t seldom cxceed 10 or 12 feet in height. At high stages the banks
fare overflowed at many points and in severe floods overflow is general.
e overflow water gathers in little channcls which follow the line
of greatest slope, which is in general away from and down stream.
BThe overflow channels build up their beds and banks exactly like the
main channel and join to form overflow crecks, which in turn form
he overflow rivers. The principal overflow channel on the east side
of the river is about 40 miles long and joins the Gulf about 20 miles
theast of the present mouth of the river. West of the river there
five principal overflow channels.? One of these, Alamo River,
sed as part of the Imperial Valley canal system; another, New
er, heads in Volcano Lake and is probably the remnant of an over-
channel through which the ancient inland lake—Lake Cahuilla—
harged into the Gulf of California. From the edge of Volcano
e the grade of New River is northward into Salton Basin.
n the south slope of the delta cone is a channel of considerable
idth and depth, which has within recent years had direct connection
fwith the Colorado and which gathers the overflow water from a large
a. The channel distributes water in part to Volcano Lake and in
gpart to New River. -
The fourth channel discharges into the wost side of Volcano Lake.
ce the summer of 1908 it has carried the entire low-water flow of
Colorado and the greater part of the flood flow.

bstracted from Cory, H. T., Irrigation and river control in the Colorado River delta: Am. Soc. Civil .
g. Trans., vol, 76, p. 1222, December, 1913.
1 0p. cit., p. 1224,
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. ' The fifth channel discharges into a network of channels sout of
‘Volcano Lake. The bottom of Volcano Lake is about 22 feet abo

it extends about 10 miles northwest and southeast and is about

92 ~ 7" COLORADO RIVER AND ITS UTILIZATION,

sea level, and its high-water stage is about 35 feet. At such a stage

6 miles wide. It is on the summit of the low flat divide between tho
Salton Basin on the north and the Gulf on the south, and thus dis-
charges both toward north and south. The size of the outlet chan-
nels indicates that its greatest discharge in recent times has been
southward. Since 1908 a line of levees has prevented water from
passing into New River and thus to Salton Sea. The lake’s waters
therefore go to the Gulf through Hardy’s Colorado, which is an im-
portant channel, perhaps 500 feet wide and' 20 feet deep at maximum
stages, with a fall varying with the stage of the lake from less than
15 to more than 30 feet in a distance of 45 to 50 miles.

PRINCIPAL TRIBUTARIES.

The principal tributaries of the Colorado are Fremont,! Escalante;
and Paria rivers, Kanab Creek, and Virgin River, which enter from
the west, and San Juan, Little Colorado, Williams,? and Gila rivers,
which enter from the east. .

Fremont River.—Fremont River rises in the eastern slope of the
Wasatch Mountains in Sevier County, Utah, one of its sources being

Tish Lake. It flows in a gencral southerly direction to Thurber,
thence easterly to Hanksville, where it turns southward and joins
the Colorado at a point 45 miles below the junction of the Green and
Grand. The Fremont has one important tributary, Curtis Creek,}

In its lower course the river flows through deep canyons. In the
upper regions of the Fremont basin, irrigation has been practiced for
many years, although only a comparatively small area is being irri-
- gated at the present time. The total drainage area of the Fremont

is approximately 4,560 square miles. The mean annual run-off is
estimated at approximately 200,000 acre-feet. '

Escalante River.—Escalante River riscs in the southern part of
Garfield County, Utah, under the walls forming the east face of the
Table Cliff Plateau, flows first northeast, then east, and finally south-
east, and enters the Colorado in Kane County, about 10 miles above
the mouth of the San Juan. It is about 90 miles long and the lower

three-fourths of its course is through a narrow canyon whose nearlj
vertical walls range in height from 900 to 1,200 fcct. In its upper
course it is_joined by several tributaries, all of which flow through

close canyons. The area of the Escalante basin is 1,780 square:

1 Dirty Devil River on the General Land Office map.
2 Known locally as Bill Williams River.
3 Muddy River on the General Land Office maps.

\

»
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] A record showing the discharge of Escalante Creek, one of
o, headwater streams of Escalante River, indicates an average
snnual run-off of approximately 40,000 acre-feet for that creck. The
. avira,ge annual run-off from the basin is probably about 75,000 acre-
eet. !
‘S’(m Juan River.—San Juan River rises in the San Juan Moun-
g tains in southwestern Colorado, flows southwesterly into New Mexico,
hen turns to the west and northwest, passing from San Juan County,

B N. Mex., across the extreme southwest corner of Colorado into San

& Juan County, Utah, in the southwestern part of which it unites with
he Colorado. N

The drainage area comprises 25,800 square miles and includes
arts of four States; its topography ranges in type from the mountaing

b at the hoadwaters in Colorado to the valleys, plateaus, and eroded

esas of Utah, Now Mexico, and Arizona. The headwater streams
L are protected by fine specics of spruce and yellow pine, and in the
ower clovations large arcas of aspen. The lower basin is practically
arren except for an cxtensive growth of sagebrush, scattered cedars
and rango grasses. Tho annual run-off ranges from 1,500,000 to
,000,000 acre-fect.
The principal tributaries of the San Juan that enter from the north
¢ Navajo, Picdra, Pine, Florida, Animas, La Plata, and Mancos
vers, McEimo, Montezuma, Hallett, Butler, Wash, and Comb Wash
ioreeks; Animas River is the most important. The tributaries that
nter from tho south, of which Chaco River is the most important,
o intermittent streams subject to sudden floods during violent rain-
orms.
Paria River—Paria River rises in the Escalante Mountains in
arﬁeld. County, Utah, flows southcasterly through Kane County
to Arizona, and joins the Colorado at a point 31 miles below the
tah-Arizona line. The total arca of the basin is 1 ,440 square miles.
Kanab Creek.—Kanab Creck rises on the Paunsagunt Platcau in
ane County, Utah, and flows southward into Arizona, whero it
iqs the Colorado in the section knowi as the Granite Gorge. Its
ainage basin comprises approximately 2,200 square miles, but the
eater part of the run-off is derived from the 260 square miles lying
ove the settlement of Kanab. Kanab Creck ceases to flow as a
urface stream at about the Utah-Arizona State line. Only the flood
vaters reach the Colorado. No regular gaging station has ever been
maintained on the creek, although the results of a fow miscellaneous
discharge measurcments are available.

Little Colorado River.—Little Colorado River drains a high plateau
oxtending from the Continental Divide in northwestern New Mexico
westward to the San Francisco Mountains in Arizona, and from the
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Grand Canyon of the Colorado’ southward to the Mogollon Mes ji. Fila River—Themost southerly section of the Colorado basin, includ-
" Through this plateau the river winds northwestward to its: junctio: 8ing the greater part of southern Arizona, as well as parts of New Mex-
with the Colorado. The general elevation of the plateau is mor ico and of Sonora in the Republic of Mexico, and comprising approxi- 5
than 4,000 feet above sea level and the greator part of it is composed; fs,tely 56,500 square miles, is drained by Gila River. The Gila rises S
of rolling plains with a few feet of soil at the surface underlain by rock: n western and southwestern New Mexico, recciving its waters from
The Little Colorado is a flashy stream, seldom clear cven during: ‘mountains 7,000 to 8,000 fcet in elevation. Where it crosses into
low stages. The discharge fluctuates greatly, being insignificant’ Arizona it is still 6,000 feet above sea level. From this place it flows
during dry season. Its principal tributary is Puerco River. ’ between mountain ranges, falling rapidly until at Florence, 180 miles
The drainage basin comprises 25,900 square miles, of which 5,500 $away, 1t is about 1,500 feet above sea level. From the junction of
square miles is in the State of New Moxico and the remainder in the Salt, its principal tributary, the Gila continues west and south-
northoastern Arizona. Though this arca is aslarge as the aroa drained Ewest, and entors the Colorado at Yuma, Ariz., near the southwestern
by Grand River the averago annual run-off is far smaller, it being loss foorner of the State. The principal tributaries arc San Pedro and
than 200,000 acro-feet, whereas that from tho basin of the Grand i gSanta Cruz rivers from the south and San Francisco, Salt, Agua Fria,
6,720,000 acre-foet. Precipitation in the basin of the Little Colorado and Hassayampa rivers from the north.
ranges from 8 to 20 inches, but the physical conditions favor rapid The floods of the upper Gila and its tributaries are commonly short
run-off. So-called cloud-bursts or severe rainstorms of ‘short duration and violent, and occur in the months of January and February. The
are frequent, and during the short violent floods the river carries eriod of high water comes usually during the late summer or early
largo quantities of silt in suspension. ‘ fall, and the season of low water comes in June and July. The
Virgin River.—Virgin River, the last important tributary entering drainage basin of the Gila includes 7,000 square miles of land covered
the Colorado from the west, rises in the southwestern part of Utah h merchantable timber; 11,000 squarc miles of woodland, of which
flows southwestward, passing- through the northeastern corncr of gthe San Francisco basin has 1,000 square miles of timberland; 45,000
Arizona into Nevada, and thence southward to its junction with the square miles on which there is no timber; 1,300 square miles of scat-
Colorado at a point 40 miles southoast of Moapa, Nev. Its principal ed timber; and 300 square miles of open land.
tributaries are Santa Clara Creck and Muddy River. Its drainag 5 The average annual precipitation over the greater part of the con-
area. comprises 11,000 squarc miles. Altitudes in this basin rang tributory drainage area of Gila and San Francisco rivers in New
from 936 foet at the mouth of the Virgin to 9,000 fect atits headwaters xico is between 10 and 15 inches, exceeding 20 inches in the high
Precipitation ranges from 3 to 4 inches at St. Thomas, Nev., 25 mile mountains of the headwater region.
above the mouth of the Virgin, to more than 20 inches near the head- 3 The flow of the Gila'is very irregular and the daily, monthly, and .
waters in Utah. The mean annual precipitation at St. George, Utah snnual flow is subject to large variations. During the last 12 years i
B the total annual run-off of the Gila at Yuma, Ariz., has ranged from
omparatively small and practicall s than 100,000 acre-feet to more than 3,000,000 acre-feet.

is approximately 7 inches.

Tho run-off trom this basin is ¢
all the normal flow is used for irrigation during the last part of thej
irrigation season. The Virgin is a flashy stream, subject to sudden
floods, and carries a large amount of sodiment in suspension. Durin COLORADO RIVER AT HARDYVILLE, ARIZ,
the last 10 years t.hr eo leont ﬂ_OOds, have occwrred in the Moado : Location.—One-fourth mile above deserted town of Hardyville, 7 miles above Fort
Valley Wash in this basin, resulting in enormous damage to the San# Mohave. J

DISCHARGE RECORDS.

Pedro, Los Angeles & Salt Lake Railroad. S ERecords presented.—May 11, 1905, to September 30, 1907.
Williams River—Williams River rises in the St. Cloud Mountai amaget !;fr?a-—lﬁi)ﬁf{o square miles,

. ! | . . Gage.—Staff in two sections; upper section vertical, lower inclined.

in the western part of Yavapai County, Ariz., and flows westward F hannel.— Shifting.

 jts junction with the Colorado at Aubrey Landing. It is small Discharge measurements.—Made from cablo and car.
unimportant, though its drainage area comprisecs 5,400 square mil curacy.—Lstimates only fair, owing to shifting of channel.

The principal tributaries of Williams River aro Santa Maria an
Big Sandy creeks. ‘
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Monthly discharge of Colorado River

1905-1907.

at Hardyville, Ariz., for the years endianc

>

| Dlséhaigé in second-feet.

Month,

' Maximum. | Minimum,

1905,

MBY 11-81aueesseeeanneerenmnnecnnneeninnees 81,900 | © 30,400
~June.. 800 49,800
........... 45,300 14,800

The period......

OCHODOT. e eevnueanscroreossonrasnnosaetssssseonaainansenns 18,200 4,700
......... 17,800 5,200
....... 29, 500 5,300

August.
Septem

September. ..

THO YOA..cveuurearnnnnnsee feeeccesessaaneresanaene

<

COLORADO RIVER AT YUMA, ARIZ.

. Gila River. .
Records presented.—January 1, 1902, to September 30, 1914.
Drainage area.—242,000' square miles.
Gage.—Vertical staff in two sections at the bridge;

above sea level.

Channel.—Shifting sand. ,

Diversions.—Water is diverted for
station.

Accuracy.—Results considered good.

mation Service.

’ Location.—At Southern Pacific Co.’s railroad bridge at Yuma, in scc. 35, T. 1‘6'*
R. 22 E., San Bernardino base and meridian, about 13 miles below mouth

the zero of the gage is 102.79 Ie}

Discharge’ measurements.—Made from car and cable 600 feet below the gage
irrigation and power development above th

Cooperation.—Complete record publishe(i as furnished by the United States

1 Published in previous reports as 225,000 square miles.
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fonthly discharge of Colorado River at Yuma, Ariz., for the years ending Sept. 80, 1902~
1914. '
Discharge in second-feet. R o
un-o
o Month, (total in
K Maximum. |Minimum.| Mean. | 3credfeet).
!
47,400

4,520 3,230 | 3,727 229,000
;g,ggg . 4,510,000 8RR February [T 4,720 3,300 1055 220,000
25,300 | 1,0, 00 S March. ... 1L 5,340 4340 | 4,903 301,000
1,800 | 726,000 S April.. .. C11TL LTI 11,400 4340 | 6,179 368, 000
......... 59,200 11,400 | 35,961 | 2,211,000
............... 56,200 20,000 | 42,520 2,530,000
......... 27,000 5130 | 12,527 770, 000
. 5, 560 3,230 | 4,183 257,000
| ool 8,360 3,050 | 3,819 227,000
610 | 453 OGRS Thoperiod........oooonininiininnn 7,110,000
............................................. 6,600 3,140 | 4,299 264,000
..................... 5,540 3140 | 4,187 249, 000
..................... 12,600 3,500 | 5,412 333,000
..................... 3,900 2,694 | 3,089 190, 000
................................ 4,100 2,800 | 3,372 187,000
..................................... 9,525 3,355 6117 376,000
..................................... 31,600 9,200 | 14,326 852, 000
....................................... 56,400 13,050 | 33,735 | 2,074,000
............................................. gg gég gg, 300 | 53,148 3,163,000
Buy.....C_ I g 350 | 37,479 | 2,304,000
ge%gtg% e 19,900 6,200 10,809 | 668,000
e 9,200 5000 | 6,786 404,000
........................................... 72,000 2,604 | 15,200 | 11,100,000
.................................................. 15,806 6,128 | 8,482 522,000
6,356 4675 539 321,000
............................................ 5,345 3170 | 4,343 267, 000
................................................. 4,007 3,350 | 3,635 224,000
4,310 3,342 | 3,797 218, 000
............................................. 9,320 4446 | 5,978 368,000
19,400 5,600 | 8,058 479,000
45,900 17,040 | 27,697 | 1,703,000
51,170 32,846 | 43,814 [ 2,607,000
38,930 14,58 | 23,047 [ 1,417,000
4, 000 12,950 | 17,144 | 1,054,000
18, 500 5,538 | 11,621 691, 000
51,170 3,170 | . 13,600 | 9,870,000
23,200 5,660 | 11,642 716,000
7,964 4754 | 6,151 366,000
5,079 3,480 | 4,477 275,000
27,500 3,750 | 8,130 500,000
82,820 5800 | 28,100 | 1,561,000
........ 110,800 23,500 | 50,540 | 3,108,000
........ 1500 19,450 | 37,830 | 2,251,000
........ 59,020 33,910 | 42,170 | 2,593,000
...... 94,320 61,500 | 76,470 | 4,550,000
...... 57,800 16,750 | 30,310 | 1,864,000
17,450 6,850 | 12,100 744,000
.............................. 9,667 5,060 | 6,495 386,000
..................................... 110,800 3,480 | 26,200 | 18,900,000
...... 15,500 5,20 8,087 494,000
102,700 5620 | 12,000 714,000
7360 590 | 15,400 947,000
Rec 16,100 420| 6,870 , 000
: 14,800 6,360 | 9,560 531, 000
75,000 6,740 | 25,400 | 1,560,000
44,100 25,500 | 32,500 | 1,930,000
79, 800 35,100 | 54,100 | 3,330,000
99, 200 65,000 | 84,200 | 5,010,000
74,200 27,000 | 39,000 | 2,400,000
25,600 13,400 | 19,200 | 1,180,000
............................................... 14,500 9,600 | 11,700 696, 000
........................................... 102,000 4,260 | 26,500 | 19,200,000

21022°—wsp 395—16—T7
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Monthly discharge of Colorado River at Yuma, Ariz., for the years ending Sept. QO, 190

1914—Continued.

Discharge in second-feet.

WATER SUPPLY—COLORADO RIVER BELOW GRAND RIVER.
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onthly discharge of Colorado River at Yuma, Ariz., for the years ending Sept. 30, 1902-
. 1914—Continued.

Discharge in second-feet.

Month Run-off
onth. i
Maximum. | Minimum. : - aﬁztfé?ée’t';
Maximum. | Minimum. | Mean. .
it
8,600 1911-12.
8,430 9,710 | -578,000 EEEE: OCLODOT . . ..., 60, 200 7,800 28,600 1,760,000
............................................. 19,200 9,300 12,100 722,000
........................................... 10,100 5,500 7,600 463,000
.................................................. 8, 3,400 5,390 331,000
......... 8,800 6,500 7,370 424,000
............................................. 24,800 7,000 | 13,300 818,000
........................................ 34,700 13,700 21,100 1, 260, 000
............................................ 76, 500 15,400 40,800 2,510,000
7400 | 96,400 | 5,930,000 RN TUNG . ...\l 134,0()0 57,100 | 108,000 | 6,430,000
3.100 § 37,600 | 2,310,000 R JULY . . ... ..o 65, 200 33,400 600 2,870,000
AugUst... 1 Wil Il 3500 | T3s0000 M Augisc I 42,000 | 1,90 | 22,700 | 1,400,000
SOpIOMbOr. covreennneiierania e eaeeee eremeneeees R BOptember . e 15,000 7,500 9,780 582,000
35,800
------------------------------------------- 4 The Year......oouiiue uniinr it aeeaaaaaans 144,000 3,400 { 26,900 | 19,600,000
3 1912-13.
------------------------------------------------ October. .................... 20, 700 9,200 | 11,000 676,000
ovembeor . 18, 500 8,500 | 11,800 702, 000
8,300 5,200 6, 560 403,000
LS 1 TRT 6,700 2,600 3,860 238,000
FODIUATY ¢ e e ieeieianenaeasacearscnaetsnesaasacanes 7,5 5,300 6,070 337,000
MBICH . er e eoe e, 11,800 7,700 9,070 538,000
: 23700 40,5 9,300 ,600 | 1,520,
MBY eeeatcnraneasnnmensesesnnceconracssansacnnsocsnsanan o700 49, 700 27,800 38,700 2,380,000
gu{m. PPN cenees eeeeeeimeacereenseeataaraacesasasannn : (;2'{)00 ;g’ogg gzl 5 2,830,000
ULY e eneeemeeccemcncataannnaeans eeeerraacanaeeaaaaane pos 7 200 1300000
August...... e terteeeveeeaneeeeaaseanas enseeeea 3;3. :1388 1?’600 fi,igg ..... 16,700 51000 9430 * 540,000
L S 1 e ) L R September. ... . ... 3 4,400 ,820 525,000
ThE YOAT. «csuerunecnnnmanmmnrmnnnnnnnns Seeeereanens 61,700 5,000 | - 18,700 RO YORL. e e eeoee e 62,500 2,600 | 16,600 | 12,000,000
20,600 25,000 7,200 | 10,300 635,000
10,500 5,800 7,930 472,000
8,400 4,5 6,390 393,000
21,500 3,300 7,520 462,000
27,000 5,800 11,600 646,000
27,000 11,200 | 15,000 923,000
31,600 12,000 ,900 { 1,360,000
89, 500 33,200 53,800 3,310,000
137,000 89,300 | 110,000 | 6,570,000
,000 33,800 | 51,500 [ 3,170,000
47,000 10,600 { 22,000 | 1,350,000
19,800 5,600 9,930 591,000
137,000 3,300 | 27,400 | 19,900,000

town of Thurber.

tinued.
rainage area.—720 square miles.

.Gage.—Vertical staff.

October....
November.

Thoyear.....ccceeeuennnnnnn dreeesesesnsrranreanaan

13,300

Channel.—Shifts during high water.

car during high stages.

head about 500 feet below the station.

78,300

ONT RIVER NEAR THURBER, UTAH.

cation.—In scc. 6, T. 29 8., R. 4 E., at the ranch of John Smith, 2 miles below the

ecords presented.—May 13, 1909, to December 31, 1912, when station was diszon-

ischarge measurements.—Made by wading at low stages and from a cable and

inter records.—Ice affects discharge relation at times during the winter months.
iversions.—Nearly all of the low-water flow of the river above Thurber is diverted
and used for irrigation, most of the water in the channel at such periods being
derived from springs southwest of Thurber. Mill ditch and the Torrey canal
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MUDDY CREEK AT COUNTY BRIDGE NEAR EMERY, UTAH.

Location.—In the NE. tsec. 35, T. 21 8., R. 6 E., at the county bridge about 2}
+ miles north of Emery.

Records presented.—June 6, 1911, to September 30, 1912,

Drainage area.—Not measured.

Gage.—Chain gage attached to the highway bridge used until October 18, 1912;

inclined staff gage at same datum as chain gage bolted to rock cliff used after
#- October 19. .

Cha.nnel.—-—Fairly Dermanent except at low stages.

Discharge measurements.—Made from the bridge at high water or by wading at
" other stages.

Winter flow.—Ice affects the relation of gage height to discharge for periods.

Diversions.—Below all diversions except a few small ditches.

f- Accuracy.—Results fair except for winter months and low-water periods.

f T ifici i iver i lated by Johnson reservoir
1 Artificial regulation.—The flow of the river is regu : ;

' . (capacity, 4,800 acre-feet), which is about 4 miles north of Fish _Lake, the
source of Fremont River. ) n :

} Accuracy.—Records approximate at times, owing to shifting of the stream bed and
o possible backwater at gage from dam below.

: wnt Ri ding Sept. &
Monthly dwchargc of Fremont River n(i'(;ro gﬂ—’gzg;gcr, Utah, for the years ending Sep -3

Discharge in second-feet. Run-off
Month - (tot:;l ia
‘ i ; ‘ Maximum. | Minimum. |  Mean, | 8¢re-ieet).

5,500 .
6,780 . .
; 5,760 i Monthly discharge of Muddy Creck at county bridge near Emery, Utah, Jor the years
I o 10,500 i ending Sept. 30, 1911-12.

40,200
Discharge i d-fect.
1scharge in second-fee! Run-off Accu.
11,100 (total in racy.
1?"1)(2)8 Maximum. | Minimum, | Mean, | 8cre-feet).
10, 600 i
)
17jozo ................. 1,900 | ¢
5,160 1,000 | ¢
4,270 | C, TE R (UBUSY . ..o e S . Sl);g B.
3 940 ittt L LT M R I EE R TR T, . -
4770 10
' 7,620 Bt
96, 600 215 | D.
28 | D.
1910-11. 1 6,700 | B 13 | D.
[010170) 172 SO DR Ry 131 98 138 6i490 B, 11?3 117)
110 6,950 | ‘B 215 | b,
e 80 4,920 | D, 1,3 | 1.
3102 5,660 | C, 4710 | B,
170 10, B, "050 | C.
94.6 5,630 | B, "438 (C‘,
96,3 5,920 | B. 38 | C.
35.9 2,140 | .’
47.8 z;,%g % 43
77.7
82.8 4930 | B 13,500
92.9 67,600

¢ Estimated.

1911-12.

L 27 g:ggg g. ESCALANTE CREEK NEAR ESCALANTE, UTAH.
X G .01 i; 441 8_ ocation.—In sec. 9, T. 35 8., R. 3 E., just below the mouth of Winslow or Pine
a ls;g ?;;ﬁ?, %' -Creek and about 2 miles below the town of Escalante.
206 12,300 | B. Records presented.—August 5, 1909, to December 31, 1912.
=, 13;‘;23 8 fDrainage area.—315 square miles.
125 LB g Gage.—Vertical staff.
94.9 5,650 | B Channel.—Shifting.
0 80,200 EDischarge measurements.—Made from cable and car or by wading.
&VWinter flow.—Ice affects the relation of gage height to discharge for periods during
105 6,460 . the winter months,

o0 g;ggg i Diversions.—All the low-water flow is used for irrigation above the station; the

ecords at this point indicate unappropriated and waste waters,
floods.—This stream is subject to sudden floods of short duration, with resulting
changes in the character of the stream bed and control.

a Estimated.

!
l
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measurements. Yearly total is probably correct within 15 per cent, but monthl _ .September 30, 1914.
means during certain periods are apt to be in error by a greater amount. ¢ Drainage area.—Not measured.

: » e E Gage.—Vertical staff; chain gage during 1904 and 1905.
Mondhly discharge of Escalante Creck mear Escalante, Utah, for the years ending Sept. 30,58 Channel.—Shifting. :

1909-1913. ischarge measurements.—Made by wading at low stages and from cable at high
— and medium stages.

Discharge in second-feet. Winter flow.—Little affected by ice.

iversions.—Considerable water is diverted for irrigation above this station.

ccuracy.—Estimates of discharge only fair, because of shifting of channel.
i

Honthly discharge of San Juan River at Farmington, N. Mex., for the years ending Sept.
. 30, 1904-5, 1913~14.

| ' Accuracy.—Poor, owing to shifting character of stream bed and lack of discharg kRecords presented.—June 19, 1904, to September 30, 1905; October 1, 1912, to

Month,
Maximum, | Minimum, | Mean.

1908 116
August 5-31. .. oo it eieaaeaes [P P PP 1
F T T L LR T L et Mokl .

i -feet.
Discharge in second-feet Run-oft
(total in

Maximum. | Minimum. | Mean, | 8cre-feet).

=NE2Esa(8

1,300 1,030
.............................. 1,580 | - 20 375
4,9 2,630

SO RIS N

ESE8ES

2
4
o
s
&

CICRY

52338858 .02

Yt et DD b et e b b

|gzss

B B 00

1911-12. ' 0CtODOT . oo
(0170111 ST , 30.4 ) 3 3

»

B

-
Qgmww

anana

=

U TR
1913-14

SAN JUAN RIVER AT FARMINGTON, N. MEX.

Location.—In sec. 17, T. 29 N., R. 13 W., half a mile southwest of Farmington, ¢
an old bridge site near Bentleys Ferry, 1,500 feet below the confluence of th
San Juan and Animas rivers; from 1904 to 1906, at a point 3 miles south of F
ington and about 2 miles below the confluence. , i

EEEERRRETORE
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SAN JUAN RIVER AT SHIPROCK, N, MEX,

onthly discharge of Animas River at Farminglon, N. Mez., for the years ending Sept.

south of Shiprock Indlan Agency

Location.—About sec. 13, T. 12 N., R. 2 W., at hlghway bridge, one-fourth milo’

30, 1904-5, 1913-14.

Rec?rds presented.—January 14 to Octob?r 6, 1911. . Discharge in second-foet,
Drainage area.—13,100 square miles (from Land Office map). Month. ({hggioiﬂ oo
. . O n
Gage.—Chain gage on bridge. Maximum. | Minimum. | Mean, | 2Cre-feet), | T8¢y
Channel.—Somewhat shifting.
Discharge measurements.—Made from bridge or by wading.
Winter flow.—Practically no ice.
Diversions.—Considerable water diverted above the station for irrigation.
Floods.—During the first week of October, 1911, the most severe flood of many years
occurred. The crest of this flood was approximately 22 feet on the gage.
Aceuracy.—Estimates fair.
Monthly discharge of San Juan River at Shiprock, N. Mez., for 1911,
Discharge in second-feet. Run-off
Month, (total in
N Maximum. | Minimum. | Mean, | 8cre-foet).
..................................... 1,400 50,000
...... 979 54,400
TSN ST k %?,700 A,
el 336 170 237 T | &
AUBUSE . vcacriiniiiiiiii it 40501 73251 L0 70,100 | C oS Fobruary. .. ... ... 451 183 311 19,100 | C.
September........cccevaiennens . e 514 230 366 20,300 | B.
Qctober 1-6..... e eaceeesenesecsessccsecceceesiean 718 238 293 18,000 | A.
) 1,690 481 956 '900 | A.
O 3,940 900 | 2,35 | 146,000 | A.
------ 3,480 1,470 2,210 132,000 { A.
1,240 388 711 43,700 | A.
| 421 64 182 11,200 | A.
| ANIMAS RIVER AT FARMINGTON, N. MEX, 1,470 204 623 37,100 | A.
¥ Location.—In sec. 15, T. 29 N., R. 13 W., about three-fourths mile east of Farmingtor 3,940 64 2] 544,000
| l and one-fourth mile above the confluence of the Animas and San Juan rivers. 2 300 206 o3 \
‘ T Records presented.—June 20, 1904, to September 30, 1905 October 1, 1912 ’:;)?1 3% 372 231%38 ﬁ:
| § September 30, 1914. o 2 302 18,600 ) C.
1] N Drainage area.—Not measured. 1 ggé 423 g?g 20,400 | A,
l , Gage.—Automatic recording; chain gage during 1904 and 1905. 1,870 768 | 1,410 5;388 ﬁ:
f Channel.—Permanent. o820 250 | Do0| 22M0)A.
| » ) ,000 [ A.
; Discharge measurements.—By wading at low stages and from cable durmg lngh. 3,880 5,540 [ 20500 | 154000 | A
1,490 268 606 37,300 | A.
. stages. 551 255 360 21,400 | A.
l C Winter ﬂow.—chharge relation affected by ice. 9,010 28 | 130 | Lom
Diversions.—Considerable water taken from the stream above this point. ! ’

Accura,cy —Estimates of dmcharge for 1912 and 1913 good; those for earlier yea.rs fau' \

oy

LA PLATA RIVER NEAR LA PLATA, N. MEX,

cation.—In sec. 14, T. 31 N., R. 13 W., at highway bridge 16 miles northwest of
Aztec, at lellams Ranch house, and 1 mile south of La Plata post office. No

;x:lportant tributary betweon the station and the mouth of the river, 15 miles

: ow

ERecords presented.—May 25, 1905, to December 31, 1910,

kDrainage area. —Approxlmately 340 square miles.

g Gage.—Chain gage.

Channel.—Extremely shifting.

Discharge measurements.—By wading.

i
i
i
f
i
i
i
|
i
|
1
[
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onthly discharge of La Plata River near La Plata, N. Mezx., for the years endmg Sept.
30, 1905-1911—Continued.

Winter flow.—Thin ice frequently forms across the stream during t.he winter an
thick ice forms along the shore.

Diversions.—Nearly all the normal flow of the river is diverted above. the statio Dischareo I
during the irrigation season; a few small ditches take water below, Mo ischargo in second-feet. (}égg_loiﬂ Aocu
s . onth. n
—HKstim . racy.
Accuracy.—E ates poor Maximum. | Minimum, | Mean, | 8crefeet). | =¥
.Monthly discharge of La Plaia River near La Plata, N. Mex., for the years endmg Sep |
30, 1905-1911. 3 3 9.6 59 | .
- S 1.36 81
1’ 03| a4 1| ©
: Discharge in second-feet. 5 - 0 :
Jpiscliarge i Run-ofl 331 02| 475 2,640 | B.
+" Month. a(ct;’g};eg T8¢ 455 B 20 12,40 | B.
. i . ,210 | C.
Maximum. | Minjmum.| Mean. 138 5 9.1 27400 | C.
58 .3 3.46 C.
1.5 1.0 1.08 66 | D.
7,000 1| 258 15,900 | D.
670 | 2.5 1,400 | D.
7,000 |oeceeenn.n.. 61.3 44,600
570 0.5| 23.8 1,460 | D
3 Lo 127 7
.............. 2 .5 90 55

MANCOS RIVER AT MANCOS, COLO.

ocation.—100 feet below wagon bridge in center of town of Mancos.
cords presented.—March 1, 1898, to November 30, 1899.
ainage area.—Not measured.
Bdage.—Vertical staff.
{Channel.—Gravel and bowlders; shifting.
EDischarge measurements.—Made from bridge or by wading.
Diversions.—Numerous diversions for irrigation above the station.
ccuracy.—Estimates only fair.

Monthly discharge of Mancos River at Mancos, Colo., for 1898-99.

T, -feet.
Discharge in second-fee Run-oft
Month, (totalin
Maximum, | Minimum.| Mean. | 8cre-feet).
a5 3,070
a 261 15, 500
206 12,700
213 12,700 -
14 6,400
9 553
6.7 399
3] 307
a3 179
.......... 51,800
a90 5,530
a42 2,500
74 4,550
33 1,960
9 533
41 2,520
33 1,960
22 1,350
ab 298
o Estimated. 21,200
.......... ,

a Estimated.
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WEST MANCOS RIVER NEAR MANCOS, COLO.

1 I Location.—About sec. 14, T. 36 N., R. 13 W., at Crane’s ranch, 4 miles above Manco
: Records presented.—September 18, 1910, to September 30, 1911.

” Drainage area.—46 square miles (State engineer’s report).

Gage.—Vertical staff.

' Channel.—Shifting.

- Discharge measurements.—Made by wading. :
] * Cooperation.—Station maintained and records furnished complete for publicati

A by the State engineer. ’

onthly discharge of Little Colorado River at Holbrook,A Ariz.
30, 1905-1907—Continued.

»Jor the years ending Sept.

Discharge in second-feet. R T
Month, un-of

ont (total in
Maximum. | Minimum, | Mean. | 8cre-feet).

-—

245 14,600

Monthly discharge of West Mancos River near Mancos, Colo., j'of 1910-11."

Il -
AN ' Discharge in second-feet.
Month,

Maximum, | Minimum.| Mean.

September 18-30uc.ceuveeeriaennniinnnnns Leeevesncnnnenns 8.
October s 7

VIRGIN RIVER AT VIRGIN, UTAH.
cation.—In sec. 23, T. 41 S.,R.12W. h
;the mouth of North Creek.

c?rds presented.—April 18, 1909, to September 30, 1914.

aimage area.—1,010 square miles,

(lage.—Inclined staff.

(}J}annel.—Gravel, sand, and bowlders; shifts during heavy floods,

wcha.rge .mgasqren{ents.~hlade from cable and car and by wading.

3 ?ods.—Vugln Rlvef is subject to occasional short but severe floods,

V{mtex: flow.—Some ice occaslonally forms at this station during the winter months,
{Viversions.—Several small canals divert water above the station.
ccuracy.—Records fair for discharges below 1,000 second-fect.

onthly discharge of Virgin River at Virgin,

alf a mile east of Virgin, 600 feet below

The period.....ccoviviiiiiiierininiiiiiiiieeadfeccinnncnneefenaanaaaac oiiiiiinas

LITTLE COLORADO RIVER AT HOLBROOK, ARIZ

Location.—At county bridge at Holbrook.’

Records presented.—March 17, 1905, to April 30, 1907.

Drainage area.—17,600 miles.

Gage.—Vertical staff fastened to bridge pier.

Channel.—Sandy and very shifting.

Discharge measurements.—Made from bridge.
Diversions.—Diversions for irrigation both above and below the station.
Accuracy.—Estimates good; based on numerous discharge measurements.

Ultah, for the years ending Sept. 30, 1909-1914.

Discharge in second-feet.
Month. o

s |Aceu-
(total in racy.

Maximum. | Minimum. | Mean. | 3cre-feet).

Monthly discharge of Little Colorado River at Iolbrook, Ariz., for the years ending Sej)
30, 1905-1907.

2,580 675 | 1,330 34,300 | C
1,550 40| 'sl9 50,400 | .

Discharge in second-feet. 550 gg ﬁé 7510 g
B

Maximum. | Minimum. | Mean. i 8 e e P

SEEenEananEy

@ Estimated.
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1914—Continued.

Monthly discharge of Virgin River at Virgin, Utah, for the years ending. Sept. 305,_ 1904

Discharge in second-feet. Run-of
Month ’ (t.ot}al 1{1'

0! . .

\ Maximum. | Minimum, | Mean. | 8cre-feet)
1910-11. 60 163 10,000
OCtODOr. . .ot iiiiieaaaeiaanaaes 1, gZO 7‘0 HH 6: 30
Do, oo - 274 100 147 9, 038
Jocommber..---oe- - 9,050 72 791 42, 300
ﬁ'ﬁ'ﬁg—i ............... 222 %g 17, 400

..... 22 ,

Ap ol 1,330 356 | 938 55,800
April........ . 13 358 5 45900
e ' ’316 160 | 226 13,400
Jupe. - eee R 9,500 134 484 29,800
; oy s ' 170 120 131 8,060
x - ’s\%ﬁb& .................................. 1 10,600 126 504 , 000

The Year. . .coceeeeeenenternceraraacncuanns

»

WATER SUPPLY—COLORADO RIVER BELOW GRAND RIVER.

Discharge measurements.—Made from cable and car
Winter flow.—Ice affects relation of
winter months.
versions.
.- below t

g Monthly discharge of Santa Clara Creck near St. Geo

Records poor, owing to shifting stream b
ments, and proper gage readings.

30, 1909-1913.

or by wading.
gage height to discharge at times during the

111

—The Bloomington and Seep canals divert water from Santa Clara Creek
he station; except for these canals the r
unappropriated water flowing from Santa Clara Cr
Accuracy.

ecords indicate the amount of
eck into Virgin River. .
ed, lack of discharge measure-

rge, Utah, for the years ending Sept.

Month.

Discharge in second-feet.

Maximum. | Minimum

.| Mean,

Run-off
(total in
acre-feet).

Accu-
racy.

The year. . .

October. . ..

SAiWTA CLARA CREEK NEAR ST. GEORGE, UTAH,

Location.—In sec. 27, T. 42 S., R. 16 W., about 2 miles west of St.
miles above mouth of creek. :

Records presented.—April 16, 1909, to January 31, 1913.

Drainage area.—540 square miles. :

Gage.—Inclined staff.

Channel.—Shifting.

. 1,430

107 2 76.2 4,690

108 49 63.2 3,760

102 8 50.9 3,130

15 6 8.73 519

40 4 8.48 521

43 45| 103 633

....... 200 45| 19,4 1,150
....... 39 5 15.6 959
....... 27 12 2.0 1,19
....... 21 18 21.4 1,320
....... 280 7 38.1 2,340
............................... 60.0 3,330
............................... 59.5 3,660
....... 95 57 76.2 ,530
X 95 7 63.0 3,870

14 4 7.6 452

12 2 5.5 338

5 1.0 2.55 157

490 2.5 22.3 1,330

490 ..., 32.6

83.2 5,120
35 13 19.2 1,140
51 10 25.3 1, 560
46 8 21. 4 1,320
16 10 13.4 771
63 13 35.6 2,190
160 35 73.2 4,360
117 46 78.3 4,810
5 4 25.9 1,540
223 25| 217 1,330
34 25| 115 707
9 2.5 3.98 237
...... 2.5 34.4

FoEEEEE

FEE >

fAYnNTEm

vogue

gganonng

CEEE

o Estimated.
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WILLIAMS RIVER NEAR SWANSEA, ARIZ.

Location.—In the canyon, 1 mile below Planet mine, 9 miles northwest of S
- and 28 miles north of Bouse. :
Records presented.—January 1, 1913, to September 30, 1914.
Drainage area.—Not measured.
_Gage.—Staff in four sections. The two low-water sections are on right bank a shor
distance above cable. Upper sections are bolted to cliffs on left bank just ab
cable. .

Channel.—Shifting sand.
Diversions.—A ranch diverts water for irrigating a few acres about 1 mile above:

: station. Desert claims of about 500 acres 20 miles above the station have

) partly irrigated, principally from flood waters. Other small ranches above
station pump water from the river sands.

Discharge measurements.—Made from car and cable near gage or by wading

Accuracy.—Monthly estimates only approximate, owing to shifting of the channg

and lack of high-water measurements. Low-water flow controlled by sp

above the station. '

Monthly discharge of Williams River ncar Swansea, Ariz., for the years ending Sept‘
1913-14.

Mean
discharge
in second-
feet.

26.0
23.6
25.3
24
August %
LT T 23
108

The year....cceeueaae eessesestesnerassesearnaretacnattnctnasatasasasnaran

GILA RIVER AT DOME, ARIZ.

: Location.—One mile north of depot at Dome, 20 miles above the junctio
Colorado River.

Records presented.—January 1, 1904, to December 31, 1906.

Drainage area.—Not measured.

Gage.—Various staff gages have been used.

Channel.—Sand; extremely shifting.

Discharge measurements.—Made from a boat or by means of floats.

Diversions.—Large number of diversions for irrigation above the station.
Accuracy.—Estimates poor, owing to the extreme shifting of the channel.

k-
H

IRRIGATION. 113

quthly discharge of Gila River at Dome, Ariz., for the years ending Sept. 30, 1904-1907

Discharge in seconti-fcet.
Month. v
g (total in
Maximum, | Minimum,| Mean, | 3cre-feet).
|
0 P
0 0
0 0
0 0
0 0
94.2 5,790
4560 940 | 2,270 140,000
2,490 50 7 41,700
.................................. 187,000
2,670 0] s
260 0| oo ]
0 0 0 "
........... 26,000 0] 3,080 189, 000
82,000 0| 12,200 680,000
95,000 300 | 16,600 1,020,000
...... 64,000 5,150 | 12,900 768, 000
9,500 2,150 | 4,870 300,000
1,80 300 725 43,100
...... 0 0 70.6 4,348
.............. 390 0 49.7 2,960
................................... 95,000 0| 4,260 3,050,000
.......................................... 910 o] 179
e 95,000 0| 4,560 2;%’%
..... 30,700 3,300 | 6,100 375,000
..... 6,640 1,470 | 2,220 136,000 -
........... 11,800 L7200 | 3020 168,000
..... 54, 600 1,600 | 9,370 576,000
..... 16, 800 4,560 | 7,100 4220000
..... 4,400 420 | 1,990 122,000
..... 380 0 77 4,580
2,000 0 3 ,
....................... ’ 0 K e
550 0 72 4,280

IRRIGATION.!
HISTORY OF DEVELOPMENT.

The raising of crops by tho artificial application of water to the land
was first practiced in the Colorado River basin by ancient peoples at
a;daté that has not been definitely fixed. Unmistakable remmll)nts of
q;ffcheg and reservoirs are, however, found in the basins of the Gila
d Little Colpmdo in Arizona, together with ruins of cliff dwellers
d tho communal houses of tribes that had been scattered lon

before the advent of the Spanish explorers in the sixtecnth centu :
e character of these remains indicates that these ancient inhall;sir:

! In this section totals are given in round numbers

21022°—wsp 395—16——8




OLORADO RIVER. AND ITS UTILIZATION.
1 14 ¢ IRRIGATION. 115

tants of the region possessed considerable skill in the art of irrigating.s to be recognized. After tho passage of the reclamati
ting amatio

or burnt clay, and one of the main canals known was cut for 8¢
siderable distance through solid rock. In places a smaller ditch was:
sunk in the bottom of a large canal to facilitate the carriage of small
runs of water and thus diminish seepage and evaporation in times of:%
scant flow. ' ,, ;

The ancient canals in Salt River valley, Ariz., are at least 150 miles

’works.in the Western States.
struction was begun on the fo
River basin:

As a result of these investigations con
119w1ng projects affecting the Coloradq

Government irrigation projects affecting Colorado River basin,

in aggregate length, and were sufficient to serve 250,000 acres of lan
3 3 - . " l’ .
but it is not likely that the whole of this area was ever watered ab, roject. Source of water. Treigable
any one time. In the ruins of the houses of grouted clay are found : area.
relics of cotton and corn, and it is known that beans, squash, and S v.compahgro............ ) P
{ 4 o AR Grond Vallay 00Tt eeeereeiieriaaaa.. Gunnison River, Colo.......... éres.
tobacco were also grown.!. : Al ver. 111111 Grand River, Colo_ ... 1112102110000 140,000
« . . . . oy VS Yuma. ... ..., ee-f O3 iver, Ariz....... '
The first European irrigators in Arizona were, without doubt v Colorado Hiver. At 182,000
- ) L PAWDOLLY VABUCY e Strawberry and Spani - , 000
Jesuits, who established themselves at the old missions of Cuevavi - . ' tap, Y 14 Spanish Fork rivers, 50,000
and San Xavier in 1732. Not until the most prosperous period, hoy : mn;t'rm {ands to be irrigated under tho Strawberry Valloy project are n ¢
’ : L:] i K . Q) b ar Salt 1.
ever, from about 1768 to 1822, was there any considerable develo ' water Is taken from tho headwalers of Strawberry River in the Goloruia 11k cer 1k DUt 8 large

ment of irrigation at favorablo points along Santa Cruz River, ne
the missions and Spanish presidios of Tubac and Tucson. During
the chaotic period of Mexican rule which followed, acequias were
maintained, orchards were planted, and annual crops of barley,
wheat, corn, tobacco, beans, melons, squashes, and peppers. were
cultivated. Although the headworks and canals of this period were
small and of the simplest construction, the Mexicans were skillful in
the management of water and possessed an agricultural aptitude well
expressod in their phrase ‘‘La mano por sembrar’’—the planting
hand. They also adopted certain ideas in equity and customs relating
to the distribution and use of water which are approved in the best
irrigation practice of the present time. Among these was the rule
that water is appurtenant to the land. The Americans in Arizona
received their first instruction in irrigation from the Mexicans. 7

Tho third or modern stage of agricultural development may be
said to date from the Gadsden purchase in 1854, after which increas-
ing numbers of Americans—military followers, stragglers from the
immigrant stream to California, and pioneers by instinct—began to
make permanent homes in the land.? . B

In the Colorado River basin in Wyoming, Utah, and Colorado the
first modern irrigation works date back to the fifties. In this early,
stage of irrigation only bottom lands were reclaimed and the works
wore simple. In the early nineties irrigation in many parts of the
basin had reached a stage where the neoed for storage reservoirs began

; :Yithhthe beginning of construction on Government projects inter-
est 1 the development of irrigation by private capital was renewed
)

la(imdclarnii tl;e %)irl'liod 1903 to 1909 many Irrigation systems wero
» MOst of them under the Federal law knowr
4 : ic ] 1 as the C
Y.Act and under th(? various State irrigation-district laws. Amon azgg
nngortapt urigation works which affect the Colorado River Easin
%1;11 fWhl.Ch are now under construction or proposed is that of the

ornia Development Co.? Through the activities of this strictly

rivate corporation more than 300,000 acres of land in Imperial Valley
. 3 . ’

exico arc being irrigated.
00,000 acres are covered by the canal syste%n. gutec andmoro than

ﬁrslgpbt;) t1 h902 igigz:lbioil ii.n the Colorado River basin was carried on at
_the individual farmer and later b iti
.ho united to construct one ditch to cove{ ﬁm?lmd:lrﬁﬁzlijoiﬁéast?xem
fie have required several ditches.  Still later came the organiza.tiixx:
of local water companies and the construction of large canal system:
e raI.n(.l progress made after 1902 should, no doul?t be crecﬂt d t.s.
the activitics of the Federal Government and private éorporatio(:ls °
Few if any of the irrigation projects in the Colorado River basin -do

10t involve storage, :_md all the larger projects will require a large
smount of stora,.ge to 1nsure a permanent water supply. Indeed tl%
igated area in the Colorado . ;

River basin can not b
' ‘ ¢ greatl
Increased w1thout storing the~flood waters of the rivers forgusa o
mes of deficient flow., ‘ .

1 Hodge, F. W., Prehistoric irrigation in Arizona: Am. Anthropologist, July, 1893. Forbes, R. H,,
Univ. Arizona Agr. Exper. Sta. Bull. 63, 1911. .
3 Forbes, R. H., Univ. Arizona Agr. Exper. Sta. Bull. 63, 1911,

@1 See COly, . T. Iuigatmn and river control in the Colorado River delta: Am, Soc. Civ . Tr
’
af r : S Civil Eng ans.,




was about 3,700,000 acre-feet.

.COLORADO RIVER AND ITS UTILIZATION.

PRESENT AND PROSPECTIVE IRRIGATION. SYSTEMS..

BASINS BELOW GRAND RIVER.

GILA RIVER BASIN.

" Gila River drains the greater part of the southern half of Arizons,
a part of New Mexico, and the State of Sonora in the Republic of e eeeens
Mexico. The total area comprised within the boundaries of the basin -3

* js approximately 56,500 square miles. Of this area approximately
283,000 acres were irrigated during 1913.

The following table shows the situation and extent of lands
irrigated in tho basin during 1913:

Area irrigated in Gila River basin, 1913.

Acres.
NEW MEXICO e eeereaennnceaaaacecmcasansnnsssonancoeeaenensas 10, 000
Salt River Valley .o coeeeinenmmemareaieneiaaaaaaaeanns .. 170, 000
Utah and Tempe canal 8ystems. ...cveeeenrenennennannaaaaans 30, 000
Buckeye and Arlington districts..........cooeviniiiiiiiiaione. 16, 000
Gila Valley from monument to San Carlos...................t 13, 000
Gila Valley, San Carlos to San Jose......coooevemniiiinnnns 21, 000
Gila Valley, San Jose to New Mexico line....c..o.ccocooennnen 2,700
San Francisco, Blue, Eagle, and Pinal creeks.................. 820
San Pedro Valley.coeeeaeeaianiaianns eeeeeceieaeaaann 5, 800
Santa Oruz basiD..eeeceoereceoeeaeeaeenaneeaaneaancaaacaennns 6, 000
Upper Verde Valley.....ooeeniienriiniiniiaieaeeant 8,000

283,320

Wonderful progress has been made in irrigation in the Gila basi
during the last few years, but it is difficult to estimate the area of
lands irrigable in the future. A conservative estimate, however,}
places it at 150,000 acres. '

The Gila is subject to su

dden and violent floods, its flow is irregular
and tho range in variation from the annual mean discharge is hig
Tn 1903 approximately 60,000 acre-feet were contributed by the Gil
to Colorado River, whereas in 1905 the discharge into the Colorado,
On account of this great variation;
in flow of tho river and its tributaries, further development of irriga-
tion will necessitate storage. The aggregate capacity of possible
storage sites in the Gila basin, as shown by the following table, is
approximately 4,000,000 acre-feet. Some of theso sites are being
utilized; others are doubtless commercially unfeasible owing to the
great depth to suitable foundation, to the presence of transconti-
nental railroads, patented mining claims, and other private properties
the cost of which, if damaged, must be charged against the storage
project. A large number, however, appear to be commercially
feasible. It would not be necessary to utilize all these storage sites
to control the flow of Gila River and its tributaries. "

IRRIGATION.
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Storage reservoir sites in the Gila basin

Name. Stream.

Location. g}‘ggg: Capacity.

. G. .. . +

p——— s;ii‘dpliéfl?mmw i&é’f_?&lﬁ‘ﬁ“ﬁ‘.‘ﬁ?f‘f’.‘:::::::: .... F{“’ ACIS{);oo
st oL o LR M

ear San Carfos, Ari 130 gﬁ%%

-.| Near Florence, Ariz
[N P do
-| New Mexico.
Near source. .
...... Near head. ..

R Oueeennan
-.[ Cave Creck..
-| New Rivor...
Verdo River

-| Near Riverside, Ariz.

150 82, 400

135 60, 000

150 150,000

100 50, 000

100 100, 000

.......... 133,000

150 205, 000

.- 210 280,000
........... 2841 1,280 000
........... 45 295, 000

........... 120 120,000

4,048, 400

; ’.1‘hc complete control of the Gila for irri
voirs capable of storing water to aug

iy

erefore be considered uncertain.,

waters has also been established , b
the area reclaimable in this manner.

- WILLIAMS RIVER BASIN.

' Williams River, which enters the Colorado

v dlgchargc of the stream for the year 191
Ariz., about a mile below the Planet mine,
he year was 1 sccond-foot, the maximum 477
mean 34.9 second-feet, the total run-off for
cre-feet.  In 1913 the irrigated tra
bout 600 acres of land.

gation will require reser-
ment the flow durin i

s { sto eriods
low run-off extending over two or three vears o .

ccomplished in the interest of irrigation j

: . - ; gation in the valle i
',anéi its trlbutar'lcs the river will contribute little o e o
T2, to c}cccpt during years of abnormally high run-off. As a source of
Wwater for mcreased irrigation on the lower Colorado the Gila should

If such control is

water to the Colo-

The possibility of reclaiming lands in the Gila basin by use of ground
ut 1o close estimate can be made of

at Aubrey Landing,

glr)z;)lrx:)i ::11111 a:cln t;lf;f;) ties chicfly in Mohave County, Ariz., and comprises
v cunately 5,400 square miles.  The river is subj i

are miles. ect to lar,
;;Ix)cintllly, and annual variations in flow and docs notqurnish a%idgllllg ,
able supply of water for irrigation. A record showing the Izlaily
3 was obtained near Swansea,
The minimum flow during

sccond-feet, and the

( ' the year being 25,300
cts in this basin comprised only

By constructing stor irs it mi .
g storage reservours 1t might be possible to reclaj
%0]03(1) agrcsdof additional Ianqs. About 5 miles below the conﬂue?:::
g Sandy and Santa Maria crecks, the principal tributaries, there




" headwaters of the stream.

COLORADO RIVER AND ITS TUTILIZATION. IRRIGATION. 11
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is a dam site at which a reservoir having a storage capacity of appro

) In 1892 the Tropic & East Fork Irrigation Co. completed a canal
imately 80,000 acre-feet could be created by a dam 110 feet hig

ivert water from the Bast Fork of Sevier River across the rim of

250 feet long'on top, and 70 feet long on the bottom. There are als ; the Great Basin to lands in the Paria basin near the scttlement of
reservoir sites on both Santa Maria and Big Sandy creeks. The Tropic. This canal is about 4 miles long and is said to have a capacity
aggregate storage capacity of these reservoir sites is 'apparen.tly suffi- L of 8 or 10 sccond-feot. !
cient to store the entire run-off from the Williams River basin. The

Irrigation will grow slowly in tho basin of the Paria on account of |

ts isolated position, but the flood waters may ultimately be stored
for use in irrigation.

cost of storage would, however, probably be greater than woul.d be i
justified by the small area of reclaimable land, and it seems unlikely
that more than 2,000 acres of additional land will ultimately be
recieimed in the Williame R 1ve111' basuz. ff of the river for irrigatioﬁ in g Although tho basin of the Virgin comprises approximately 11,000

1 st(_)rage dams controlling the runzot o f the Willi to the square miles, the areas available for agriculture are comparatively
tts basin wero constructec_l the contribution of the e small. The more important irrigated areas are in the vicinity of
Colorado would be exceedingly small. E St. George, Utah, and on Muddy River between Moapa and St.

VIRGIN RIVER BASIN,

-

EANAB CREEK BASIN. . Thomas, Nov.
 Irrigation has been practiced in the basin of Kanab Creck since Tho low-water flow of the Virgin and its tributarics is practically all
1870 ;gmd all the low-water flow of the creck has been used for .irrigi.x- used for 1T 1gation. Slome small storago reser voirs have been con-
tion ’for many years. About 2,000 acres wero boing irrigatod in this structod to augment tho lovy-‘wa,te_r flow. _ The principal storage site
L 13--1.500 acros in Utah and 500 acres in Arizona. It in the Virgin bqsm now utlllz_cd is in Pinc Vallcy, whorfz the NO.W
basin in 19 Y f now land may bo irrigated from Castle Reclamation Co. has built a dam creating a reservoir that will
;gelx?:bpéggjlglﬁ' i}lllztﬂlo’jgowziﬁz Zron stored ThZ capacity of avail- storo 23,000 acre-feot of water for diversion through the rim of the
a . A .

. . : Basin to irrigate lands outside the Colorado River basin.

e oqi t trol the entire run-off. Qreat g L /
able reservoir sites is sufficient to contr Incomplete records are available showing the run-off from the
pVirgin and its tributaries at various points for the period 1904 to

Irrigation has been practiced in the basin of Paria River for more ?date, but no records have been obtained showing tho flow of the Virgin

than 40 years, but it is estimated that in 1913 only about 2,000 acres & below tho.moul,h of its principal tributary, M}ld'(ly River.
were under ir’riga,tion, all the irrigated land being in Utah near thg 3 Approximately 20,000 acres of land were irri

PARIA RIVER BASIN,

gated in the Virgin
River basin in 1913. A number of projects are under construction,

No records are available to show the run-off from the basin, but a but it seems improbable that more than 48,000 acres of additional
probable run-off of 50,000 or 60,000 acre-fcet has been estimated by k.land will be placed under cultivation even if t,h(? flood waters are com-
measuring the drainage area above the reservoir sito near Pa}.xreah lete!y controlled by means of storago reservoirs.
and assuming that the run-off per square mile would be pmptma.lly v -If.n‘rlgatl(?n sys‘tems now prgposed are completed the flow Qf the
the same as the run-off from the drainage area above the gaging sta- Virgin and its tributarics .durmg yoars of normal run-off will be
tion on Escalante River, which drains the area immodiately north of mpletely controlled and little water will reach the Colorado. The
the basin of the Paria. £ occasional violent floods will, however, coqtm.ue to reach thc‘ Colo-

The area that may be placed under irrigation by future develop- 3 ;Ldf). Threo such. floods hs%ve occurred within recent years in the
ment is difficult to estimate. It seems probable, however, that by basin of Muddy River, causing enormous damage to the San Pcd'ro,
utilizing storage reservoirs the Paria may furnish sufﬁcicnt: water to 0s Angeles & Sal’o La.kc R‘anlroad in the Meadow Valley V‘Vash.- Five
reclaim approximately 10,000 acres of additional land. Private par- : ays’ steady rain durlpg I ebr}lary, 1914, caused a flood in this wash
ties interested in an irrigation project on the stream propose to c_h reached a maximum discharge of about 6,900 sccond_-fcct at
reclaim approximately 25,000 acres of land on tho lower Paria near point on Mu.ddy River near St. Thomas, Nev. The peak discharge
the Utah-Arizona line by constructing near Pahreah a dam 125 fee f this flood in Meadow Valley Wash was doubtless 7,0Q0 or 8,000
high which would form a reservoir having a storage capacity of 126,000 econd-feet. The flood lasted less thaq 24 hour§ and it is likely
acre-feet,. hat not more than 7,000 acre-feet was discharged into the Colorado




" ago, and in 1913 approximately 20,000 acres were irrigated in th

‘Ariz., below the confluence of Silver Creek and Rio Puerco from
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as a result of this particular storm. The unusual storms that tak Reservoir sites in the Little Colorado basin.

place at intervals of two or three years probably do not contribute: :
more than 40,000 acre-feet to the Colorado during any one year. Height Location of dam.

Name. of dam. Capacity.

LITTLE COLORADO RIVER BASIN. Section. “;g‘;‘l’f‘ Range.
The average annual run-off from the 25,900 square miles drain —

by the Little Colorado, as indicated by records for 1905 to 1907, ’ ettt e e “loo 36| 17N.| 2R AT drooo
inclusive, is less than 200,000 acre-feet, and the maximum probably. X, 3 Bl N | wn| oo
does not greatly exceed 300,000. Storms of short duration are fre. i Tl ONN| BE| oo
quent and the run-off is irregular. It is cvident that.the flood % a| HN|BE| o
waters must be stored if any large part of the run-off is to be use 4 o| BN | Tak| 700
for irrigation. The available records show that the annual rainfa 1,412,000
ranges from 8 to 20 inches and indicate that during periods of six or

seven years the flow of the river was barely sufficient to satisfy.the
then-existing demands of irrigation. Lands along the Little Colo:
rado and its tributaries were taken up by settlers about 40 years

It seems probable that somo of theso rescrvoir sites will be found
mmercially feasible of development.

SAN JUAN RIVER BASIN.

Eo In the arca drained by the San Juan, comprising approximately
25,800 square miles, irrigation has been practiced for more than 40
frears, and on many of the tributaries tho low-water flow is not sufli-
tient to meet present nceds. Only a small quantity of stored water
s, however, being utilized. The area irrigated in the San Juan basin
iin 1913, consisting largely of bottom lands, is shown by the follow-
ing tablo:

basin. In recent years soveral small storage reservoirs have been
utilized. o iy
A record showing the discharge of the Little Colorado at Holbroo

March 17, 1905, to April 30, 1907, shows approximately the water
available for the irrigation of additional lands if storage reservoirs
are utilized.

Run-off of Little Colorado River at Holbrook, Ariz. Land irrigated in San Juan River basin in 1913.

Acre-feet.
1905 (Mar. 170 Dc. 81) . «ueneveenecnenenrnanananeneannns 213,700 —
1906, « - e eaem e et e e eaeaaaaaa s 117,000 Stream. State. irrigated.
1907 (Jan. 1 t0 Apr. 30) ... ceeeri i ceieean 77,980
The table indicates that a dependable supply of 200,000 acre-feot: A":;”ow
annually might be obtained by storage, but old settlers in the b o
report droughts extending over periods of six or seven years. Lo o, o0
by evaporation from the reservoirs would be high. Consideration o o0
these losses and those in the main canal and distributing system lea ?;8%
to the conclusion that sufficient water might be made available | 10,000
storage to irrigate not more than 30,000 acres.. That the basin cons 117,000

tains more than 100,000 acres of good agricultural land which coul
be reached by canals from the Little Colorado at a reasonable cosk
has been shown by the United States Reclamation Service.! 7

The existence of reservoir sites whose aggregate capacity is greatl
in cxcess of the annual run-off is shown by the following table:

Water obtained from Dolores River. Seo U. 8. Geol. Survey Twentieth Ann. Rept., pt. 4, p. 417, 1900,

Trustworthy records of tho quantity of water discharged by the
an Juan into the Colorado are not available, but incomplete records
'obtained at gaging stations established on the San Juan ncar Farm-
gton and Shiprock, N. Mex., indicate that the stream may con-
{ribute to the Colorado between 1,500,000 and 3,000,000 acre-feet
annually.! Evidently there is sufficient unappropriated water in the

1Third Ann. Rept., 19034, p. 174, 1905.

In October, 1914, a station was established on the San Juan at Bluff, Utah, below all diversions for
krigation. Records from this station may be expected to furnish information of more definite value,




- aggregating in length approximately 100 miles (including distribu

-~ proposed point of diversion being in sec. 4, T. 29 N., R. 9 W.
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San Juan and its tributaries to reclaim large tracts of new lands, but
to increaso the present irrigated area storage reservoirs must . be
utilized. Thoe most important irrigation projects in the basin, any
of which may, of course, prove unfeasible, aro listed below:

Irrigation projects in San Juan basin. / B ,Th(? T‘“'ICY ditch project is planned
- ying immediatel
Acres. .
Turley..ccoeeeeananaaanaa... 1,225,000 | Edencanal...................
LaPlata....cocooeeiiiioa.... 50,000 | Turley ditch.................
T S0 8 o forcgoing paragraphs aro intended to
Coolidge ditch. .............. 10, 000 : robably several thousand acres included

Under the Turley project it is planned to construct a storage dam i “igated from small .dltCh
on San Juan River, approximately in scc. 1, T. 29 N., R. 9 W., New
Mexico principal meridian. The storage capacity of the reservoir
that would be created by a 200-foot dam at this point is given as
1,640,000 acre-feet. The lands to be irrigated compriso 1,225,000
acres on the south side of the San Juan in San Juan County, N. Mox. " .. ]

The La Plata project ! of the United States Reclamation Service, now Aditional arces that may be irrigated in s an Juan basin.

' - i Colorado. ........ ... Acres,
abandoned, was planned to serve an area of approximately 50,000 S N0~ 90, 000
acres of land north of San Juan River in San Juan County, N. Mox., RS- Utah.. e 500, 000
the greater part of the land to be irrigated bordering La Plata River,

a tributary of the San Juan. Water for this project was to have#§ 595, 000
been obtained mainly from Animas River and its tributaries and 2 More than 75 reservoir sites i .
possibly also from Los Pinos River in Colorado. Water diverted wapacity from 20 acre-feot to more than 2,500,000 acr I;mgmg n
from Animas River in Colorado, 3 miles above Durango, was to be een investigated by G o acre-feot, have

. overnment and privat i )
conveyed to land in and along La Plata Valley by means of canals prvate engineers.

Reservoirs
ing canals) and a tunnel 2 miles long through the high ridge betwee)
Animas and La Plata rivers. Storage reservoirs would have been!
necessary to maintain a dependable supply during periods of lo
water. This project may be completed by private capital.

“Under the Citizens ditch project it is planned to reclaim appro
mately 10,000 acres of land lying north of San Juan River in San Ju
County, N. Mex. The water is to be taken from San Juan River, the!

Under the Illinois ditch project it is proposed to reclaim approx
mately 13,000 acres of land in the Animas Valley north of Anim

River and northeast of Farmington, N. Mex. The water is to be, : o tho ba ESCALANTE RIVER BASIN,
“taken from Animas River. ' 0 Ve basin of Escalanto River, in south cent .
. . T . ; i L -central Utal -
Under the Coolidgo ditch project it is planned to reclaim 10,00 ‘é}tely. 1,500. 4cros weroe irrigatod ’in 1913, and it is esbixz;uzé)cf)igﬁt :
acres of land lying immediately north of San Juan River below tholiYater is availablo to i

rrigate approximately 12,000 acre i-
confluence of La Plata and San Juan rivers. Water is to be | o

tained from San Juan River, the proposed point of diversion being;
‘insec. 17, T.29 N.,R. 13 W.

1 U. 8. Recl. Service Third Ann. Rept., 1903-4, p. 392, 1905.



' voir having a capacity of about 35,000 acre-feet. The utilizs

- suitablo for irrigation lio south of the reservoir site and away from
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esent il:riga,t,iop systems can doubtless be extended to cover more
nds.  The additional arca that will be placed under cultivation in

tion of this site is, however, remote, owing to the fact’ that lands
e Fromont basin has been estimated at 40,000 acres.

tho river and could not be reached without expensive constructio
work. The average annual run-off available for storago in ' thig
roservoir sibe is about 40,000 acro-foet. A gaging station was main
tained on Escalanto Creek ncar Escalante, Utah, from 1909 to 1912
inclusive. The drainage area above this station is 315 square miles
whereas tho total area of tho basin is 1,780 square miles. -Th
average annual run-off from this basin is probably about 75,00

acrc-feet.

GRAND RIVER BASIN. . t

‘About 25,900 squarc miles of land, ranging in clevation from !
900 to 14,000 feet above seca lovel, is drained by Grand River
:and. its tributaries. Irrigation is practiced in the higher parts of the
sin at clevations above 7,000 feot. The most important irrigated
Vcltlmns, however, in this basin are Uncompahgro Valley and Grand
§,:08y;;11dT(;1}80{8vf221%0 clevation of theso irrigated arcas is botween
& Near the headwaters of the Grand and its various tributarios—
raser, Eaglo, Williams, Roaring Fork, Gunnison, and Dolores rivers—
nmdcrajble water is used to irrigato grasses grown for hay, and water
B also diverted onto meadow lands used for pasture. , Discharge
measurcments made during the irrigation scason would probably sho{iv‘
x.xt some of the irrigators divert as much as 20 acre-foet per acre, but
ji.is also probable that not more than half an acre-foot per ac,ro is
dotually consumed, the remainder being returned to tho stream by
Burface waste and scepage.  On Grand River near Grand Junction
_lo., and on Gunnison and Uncompahgro rivers near Montroso an(i
Delta, Colo., are a number of irrigation systems that have been in

FREMONT RIVER BASIN.

Records showing tho discharge of Fremont River noar Thurber forg
tho yoars 1909 to 1912; inclusive, indicato an averago annual run-off?
of approximately 75,000 acro-feet from the 720 squaro miles:
'drainage aroa above the gaging station. Similarly, records of th
dischargo of Muddy River near Emery, Utah, indicato an averag
annual run-off of 40,000 acre-feot from a drainago arca of 87 squar
miles. - No records are availablo showing tho total dischargo of Fr
mont River into tho Colorado, but tho incomplote rocords obtain
at Thurber and Emery indicato that the averago annual discharges
from the Fremont basin into the Colorado is about 200,000 acre-fco
Except during the floods practically the ontire flow passing the gaging,
stations on Fremont River and Muddy Creck is used for irrigatio

There aro no large bodies of land in this basin that can be reclaimed3
at a roasonable cost. It is probable, however, that numerous small}
aroas will bo reclalmed. Three small reservoirs, with an aggregs
capacity of about 9,000 acre-feet, have been constructed in the F.
mont basin to augment the low-water flow.

gperation for many years. The Grand Valley project of the United
A ates Reclalnatlon Service will, when compl.etcd, servo 53,000 acres
o land in tho yicinity of Grand Junction, the water being, obtz;incd
,Qm_ Grand Rchr. Tho Uncompahgre project of the Reclamation

rvice has finished structures capable of irrigating about 58,000
geres, and the comploted project will serve approximately 140,000
hges of land. In the middle basin, from the lower end of Goro
jnyon to about Rifle, 30,000 to 35,000 acres may be irrigated under
alf & dozen small projects now planned. Under other schemes

Reservoirs in Fremont River basin.

Na . . Location. Toeight of
me of reservoir cation dam. i;)00 to 50,000 acres more may be irrigated.
kBy extending the high-line 1 i
' o : bhe canal now being constructed by the
Tment. B Fae oo 2 ! gelamation Servico in connection with the Grand Valley proj ecyt and
GIOVET e« v veeennaceacceesnsnanasssanssersnsannnnns Fish Creek.....oeeveeeennnnn 8]...... MtaMg a Pumpmg plant, it’ may be POSSlble to reclaim 40,000
2

geres in Utah, but this dovelopment appears to be remote

On the completion of the Uncompahgre and Grand Vall(')y projects
the. Re.clamation Service and the projects in the Dolores bi,s'm
Ti tion in the Grand River basin will be approaching its limit ’
'::t.h.as been dificult to obtain reliable information in regard t;) the
irrigated on Grand River and its various tributaries in 1913:
powover, the least reliable estimates relate to irrigated acreage known’
0. be .small, and the total irrigated and irrigable area shown in the
wing table is reasonably accurate. °

Only one comparatively large reservoir site in this basin is'n
being utilized. At this site, which is known as the Thurber rese:
sito and is situated on Fromont River near the town of Thurber’in
Wayno County, Utah, a dam 85 fect high would creato a reserv
having storage capacity of 136,000 acre-feet. The elevation of t
reSCIVOIr sito is about 6,800 feet. The average annual run-off availg
able for storage in the Thurber reservoir sife is approximately}
75,000 acre-feet. In 1913 about 15,000 acres were irrigated, and ¥
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o . ) drri ict No. 42, which comprises only a very small part of the Grand
L. . ; in in 1913 and additional area that may be irrigated, g istric ) ’ { > ony y p . ;
rea irrigated in Grand River basin in 1913 ¢ S iver basin, extending up the Grand as far as De Beque and including
- 0 the basin of Plateau Creek, Gunnison River to a point about half-
Stream. gated.

.'{" between Grand Junction and Delta,

by and a part of the basin
gof the Little Dolores. The aggregate capac

ity of the sites is 235,000 .

Acres. bacre-feet, and the average capacity is about 900 acre-feet. A number
, el 18,000 : fe av c b
Grand River above Eagle River......................:::::::::::::::::::::: ..... 23, ; 3 ‘the Ar6 oW bmng umhzed w o ‘ the e e
10 RIVOL...cceemsisnnnnnsnnnesssasrns s s s sttt ; - ‘ m
ggi?ngl}:‘ork ......................................... 000 p m

sites may
Grand River and tributaries between Eagle River and Palisades, except Roaring

Fork.eooaneveeneanaanns seesereeeni-ecacans ter .........................
iver between Palisades and Westwal o
glr':gg Il%;zgr botween Westwater and mouth...................- )
Gunnison_River.._.............................:::: ............................
Dolores River basii...c.covmeennmenaienennene

be put to use at some future time.
40,000 : . . o,

0,00 G500(Et For many years gaging stations have been maintained on Grand
1,000 SR iver and its tributaries, the longest, records being those obtained

bon Grand River at Palisades, Glenwood Springs, and Kremmling,

lo. . Studies of the records showing the discharge of Grand River
Palisades, Grand Junction,

and Fruita, Colo., and Moab, Utah,

The largest and perhaps the most valuable I‘PS(«)I'Y;‘)II‘ s;t;ah;nh”r nd of Gunnison River at Grand Juncti.on, Colo., indicate that the
Grand River basin is that known as the Kremmil'ng si e;;; fvngr ., al annual run-off from the Grand River basin has mn{ged {from
of Gore Canyon, near the headwaters of Gmnfd 11)1\762']-1d form o roscy gabout 4,280,000 acre-feet to about 8,900,000 acre-feet. The mean
O et e o oI ol o i 155 104, s e, b o

. : nelty of 1,240,000 acte-ect; it €18, about 6,720,000 acre-feet.
Xoglﬁvgéggafhe vgater lovl 230 foct, would hm;et;: (;gll,):nc:g X 0 estimate the loss to the flow of Grand River when all the irrigable
2,200,000 acro-feot. The averago annual run-oft ];ast thh ouh thi i ands (')f. the basin have been brought:m}der cultivation—that is, when
r:aservoir site is a little more than 1,000,009 acrc-l eo d 4 t,}lign ’addl.t.l()'ll to the 302,000 acres now irrigated 457,000 acres are placed
floods on lower Grand River coﬁl (‘111{)9 003511;11‘;12 1‘311):3 I;;l:];mimg ro i der }ll'lrlgat{on—ltt has b}(ien ass%ﬁlidt kt‘;h:ilt 73 pez c((lané', o(f the tlo;g)l

letely controlled by u ; o irea will receive water each year, that the hea -gate duty (sce p.
zzﬁii?g;:jﬂg;?& the}iarge area tributary to tho river lﬁ)cl(;\];reﬂg:}f or this net area is 3.5 acre-feet, and that the return seepage from the
Y e, tho 1191 0}‘:{161' largle]:' ?;O:ﬁcf;;ist?make t rigated lands will bo 25 per cent of ‘the water diverted from the
River basin where the available run-o o

£ small T QRrver.  Undor these assumptions the average annual loss to the flow
valuable in connection with river contr?l. A.numlliel' Obzg:l s rand River will be about 873,000 acre.-feet. About 50,000 acre-
voir sites near the headwaters of sz)msmlluﬁ?; flr asa:]fe Taylor Pa annually may also be lost by eva}i)mtlon from the \ivs;ter surfal(lze
1 . ne, R e .

e e, s h el s s e L
sitc, has been considered fo ject. In October, 1914, two reschal . . L

available for the Uncompalggmgolis lamation Selivice on Dol piher drainage basins may amount to about, 260,000 acre-feet. (See

. al e
voir sites were surveyed by the Rec

h dam 235 feet. 9p-156, 157.) The average annualloss under this conditionof complete
Rivar—ono at the Lo of D000k e on weity of 1330000 piization of the waters of tho Grand may be about 1,163,000 acro-
B e . tow of Dolones c(i;plac1 zvl(l)ere, tho reservogiiliee Comparison of this amount with the estimated average annual
o o, nearotfh Ottl(:?"?l ':)vfoﬁglflgifsé az;};’ucity of 315,000:;_ S -off from the Grand River basin during the period 1895 to 1914,
formed by a dam 230 feet hig 0T¢

fHy

i ill be store fevelopments are completed the average annual discharge of Grand
B ettt the h 1‘1151-0123 % 'tfm:hztg};};;;:s in this iver at its mouth may be reduced to about 5,560,000 acre-feet.
small reservoir sites near the headwaters 1 v ;

are completed.

' GREEN RIVER BASIN.
Many of the hundreds of smaller sites in the Grand River b :

. . GENERAL CONDITIONS.

M ¢ . - ¢ development of irrigation . . . . .
will be used in conneci("llgl} W,Dlﬁlel g:z‘g enginecxl*)’s office at Den gThoe waters of Green River and its tributaries are practically
For exahmple,hﬂ;e;:lc or erlx?oir sites, ranging in’ capacity from ¢ fused except for irrigation. The oldest and most extensive develop-
Colo., show tha res ) doninw nts in this basin are on the upper Green in Wyoming. Large
third of an acre-foot to 40,000 acre-feet, have been filed on In o4 : PP yoming g
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| “ S irrigation systems have recently ‘bez.n cqnstrugzii (;nu :(})1311 {d)l#r)em
A1 R . . . A son is pra . - o1
‘ River basin, and considerable irriga 1 round Vo

i icini River, Utah, along the : :
i Utah, and in the vicinity of GieenAlO 117 s ,a,nd Yatmpa rivers -
l ” Denver & Rio Grande Rz.uquu, . : g1 e i
f Colorado meadow irrigation is extensively prac .

tleet. The amount of silt carried by Price River during floods has no
fdoubt retarded the development of irrigation on the lower Price.
cThere appears to bo sufficient unused water in Price River to serve

approximately 30,000 acres near Woodside, but the foasibility of th
- Project depends on the possibi

lity of taking care of the silt. For th?
Tiga . tire flow of th Prfce basm as a whole it is estimated that future devqlgpment o
, Excellent reservoir sites, by I;Iezmi of :ﬁ)lil‘i :gﬁv:&m of the Groe rigation on this stream may place 50,000 acres of additional land
N : on :
! ' streams could be equalized, are foun

and its upper tributaries, and also along Yampa and White rivers

under irrigation.
on Ashley Creek, and at the headwaters of Duchesne River.

MINNIE MAUD CREEK,

¥ Little information is available concerning the possibilities of
igation on Minnic Maud Creek, a small stream draining an area
simmediately south of the Duchesne River basin. The creck flows
Lihrough o comparatively narrow valley and the limit of irrigation has
probably been reached. About 2,000 acres were irrigated in 1913.

WHITE RIVER,

White River, which unites with Green River in west-central Uinga
unty, Utah, draing an arid, broken, and much croded plateau region
mprising about 4,620 squarc miles. In the spring its numerous
tributaries carry considerable wator derived mainly from melting
ow, but in the summer they are nearly dry.
kA considerable area in the White River basin in the vicinity of
Meeker and Rangely is under cultivation, and during the last part of
biho growing season the low-water flow of White River is practically
R. used for irrigation. If the irrigated area is to be increased storage
Teservoirs must be utilized. Near the headwaters of the White and
tributaries are a number of reservoir‘sites, the most unportant of

Fhich are listed below, and small sites that might be utilized in regu-
ng the flow of the tributaries are numerous.

= “ SAN RAFAEL RIVER.

The San Rafaol, the first important tr%butary reccivc((}l by tl;(; ‘?111‘1?003
above its junction with the Grand, umt(ras with the ‘reeﬁal : ik
| below the town of Green River, Utah. !.‘he zwerago(z3 gnsmu&re s
” from this basin, which comprises cappr}oxmmtelykz, ghan how
of country ranging in altitude from 4,020 feet to more 0
I i t 230,000 acre-feet. _ o
” ‘ feelg;';it?::]]lly all 1;}10 lands irrigated in the k§a11 }?a}flagilgzsg hﬁzﬁg :
ingt ic .
: ttonwood, and Huuntington crecks, w.
g::lr;{l:fggl at a poin’t about 10 miles below Ca?tle(ﬁlle.dr (()1f 2}}1: e§5v,v
V . . . . n e
irrigated in this basin in 1913, only a ow hund :
” ﬁrigézgiigfn the San Rafael proper. Seveml 111‘;-15}?t10n pgjog:;tgm
1 der construction. ese pr '
the San Rafael basin are un N L hose project
) i 11 the normal run-off will be i :
j ” completed practically a B o Hivos siusite, oarinds
-l ti e water may flow into Green Riv
| %?tflfll,og:ll: soﬁ 1s estimated that future 1r1.'1fga,t10n (:10v010p1(;19n1‘,?]l )
th%s stream may place 30,000 acres of additional lands under .
” vation.

PRICE RIVER.

i ich joi in Gray Canyon, 20 miles ab
i or, which joins the Green in y 20 :
” thcls) ilg:n?zcércen River, Utah, drains an area ranging in elevations

Storage reservoir sites in White River basin, Colo.

: Acre-feet.
1si g i iver and Beaver Creek........ ... .. 5, :

| from 4,200 feet to more than 10,000 feet and com[gliS;T{llg aﬁ,ﬁ; 1_ S‘iﬁﬁg@ﬁ;\fff*}f‘_ Doaver e 13; po

| square miles, from which the average annual run-o PP o Lost Park............ 28, 000

} vawn Creck.......__.... [T 1,800

.: cre-feet. . . . 1 ;

5 ” 18(1)1’? (1)81?3 tho irrigated area in the Price basin comprised 15,000 a Marvine Lakes.

The flow of the Price is very irregular and it has been necessary

: y T Iy of water The water of the White would be practically exhausted by cither
use storage reservoirs to maintain a d.epenlgflbls Sﬁf}; zﬁ;ion Co. -two irrigation schemes under consideration. Under the White
” lands now being irrigated. The fPr};ceh ag;svater tributazies of piver-Axial basin projeg:t it is planned to store the flood waters of

constructed a storage dam on one of tho he ed each year to m fhite River and its tributaries in a reservoir in the White River
{ Price, and the hfaight of the daml 1s (}feiziﬁﬁgisby the company neaglErest Reserve to roclai.m a smal'l area in the vicinity of Meeker
“ " the demand for irrigation of the lands : & much larger area in the Axial basin south of Maybell, in the
: Helper and Price, Utah.

gmpa River drainage basin,
83 from the White River bas;
21022°—wsp 395—16——9

Under a project to reclaim land (iln the v];clmt%f{ i(;fexﬁ%?gg}s Ut
it i d to construct a storage dam on Price '
gl::\gavriﬁﬁ)dside. The average elevation of the tract is about ‘

The main canal of this system would
n over Yellow Jacket Pass in T. 2 N,,
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92 W. sixth principal meridian, into the Yampa I}iver_;bl/l‘w B Vith tho water available, T
%I.lég cana.l' system would cover 250,000 acres, of which. perhap
90,000 acres is good agricultural land. .

Under the White River project it is planned to reclaim appro

o only known large reservoir site in
his basin is that at the headwaters of Strawberry River, which is

2 Dow being used by the United States Reclamation Service (p. 146).

+Small reservoir sites are, however, numerous. At the headwaters
he Blue Mountain bench, between White ‘of the Duchesne, Roclk Creek, Lake Fork, and Uintg, River are many
mately 200,000 acres OI;:' 1&0 %mﬁ-Colorado line. The proposed ‘small lakes that would store considerabl
and Yampa rivers, ne

ir Park structed at their outlots,
i iversion 1 ‘ sent heading of the Powe].'! :

p?mlt ?f ti:: 0{;‘%01; é%Va.lt} ts};z, gg(i T.1 N, R.94 W, si.xth pnrllc.lp:: land that ma
dltc-:ii;g It iS'estimated that by extending the main caha, 1;10(1‘ ‘

%:r;l 175; 000 to 200,000 acres of first-class land could be h]rmga .oﬁ:
Thz ma,in, canal would be 125 miles long. f& §tu;iyti)li tt tﬁer:,l; o
B . . . . “lve y :

ite and its tributaries proves conclus y !

Ofth10 \;?l;lot sufficient to irrigate properly the 'abrlcu.ltu:alnﬁu:ﬂz

iﬁgil,) l)iro under the proposed White River-Axial Basin project a ]

¢ water if dams were con-
the amount of additional
sne basin it hag been as-

In estimating
¥ be irrigated in the Duche

Y 700,000 acre-feet. On

tional area that may be placed under cultj-
vation in this basin is estimated at 180.000 acres.

ASHLEY CREEK.
ito River project. ) L sraged in’ joins Green River from the west about 3 miles below
Wlll)hocords OfpdiSCha.Pge. of the Whllte at‘ fﬁhﬁ;ﬂ%ﬂ&’of{fwﬁ. l\%eek ) , . Irrigatig)n has been practiced in the vicinity of Vernal
the following table, indicate that tho igcﬁ available for irrigation i # formany years, and during the later part of the growing scason practi-
is 475,000 acrc-feet, all Of which would be . cally the entire normal flow isused for irrigation. The flood waters of
storage reservoirs are utilized. ' ] . - . Tho Uinta Land &
Annual run-off of White River at Mecker, Colo.! y . : ation of 215,000 acres und
Acre-fect. S b ¢ rom Dry Fork of Ashley Creek, Deep
QS;“SEB 1905 e ceennaes 476,000 | 1911 ....oeene.... » O deek, White Rocks Creek, and Uinta River, The construction of a
}382 512:000 1906..eeeunnnnnn. Zig, 8% llé’i:n ' h-line canal from Ashley Creck, to reclaim
19040 cmearnnnne 467,000 | 1910....eeueenn.. ,000 | Mean.......

approximately 10,000
es of new land, has also been proposed.

basin, and the water supply is probably suflicient for the propes
irriga’tion of 150,000 acres additional.

DUCHESNE RIVER.

i ich joi 10 Green at Ouray, Utah, .dra, ] ! :
Duckes'ni? IRIZG(;‘(,)O“;I::E:r(:OIEi;.} 0Irriga,tion has been practice ies, 1,87
this. basin (;0};' l,na,ny years? The Federal Govof'm'nenf; has
- bi:is-lr;or the Uinta Indian Reservation an u:mgatmn syzs oni
Stm'm}te es an area of 85,880 acres and under which about'l A
oy irrigated in 1913. The area brought under cultivatig .
acres were 1rriga atly exceeds that which has been;, S approxmmately 12 feet to the mile,
by private interests fglje }Ir?‘cdera.l Government. The total an orsurfuco berag 6 6o 1od St mile
claimed by :}}:e ﬁlaiir(: in l1913 was about 60,000 acres. The mo T this stregof et atSte bt Springs
}rrlgat:jnénof gle irrigation schemes in this l')asm areh 1;111—‘(!){"1\{[z ‘ i
%I:aﬁ(():{l Blue Bench, West Bench, and Lott projects. Tbe:5 r(;c;,j
include,zd under these projects exceeds the arca that can claimy

rained by Yampa River and its tribu-
] 0 square miles aro in Wyoming and the remainder in Routt,
d Moffat coungics, Colo. The average annual run-off from the basin

s in excess of 1,000,000 acre-feet, but, the area of irrigated land is
felatively small,

The average fall of the Yam
iraig, a distance of 43 miles, i
Bho elevation of the wat,

pa between Steamboat Springs and

/ nd are cultiv
puo neighborhood of Craig

, untain Canyon—75 njl
: timated. ' River has mile
! Flow during winter months estimated : in the basin of Duchesne Ri .
; bilities of irrigation  basin : rt . .
 tha Onltod Siatos Hodlamation Servics and the fesult published fn tho Third Anoual Report untain Canyon is 5,815 feet,
by the Sy ’
bureau.
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section of the river except in Maybell Valley, above Cross Mounta

" Canyon, and in the small valley above Juniper Canyon.  Just belg

~ Juniper Canyon two canals take water from the main river to irriga
lands on the north and south sides of Yampa River in Maybell Valle
Below Cross Mountain Canyon, at the mouth of Little Snake River,3
is Lily Valley, where a small area is cultivated. The possibilities of:
future irrigation in this valley are limited to a few thousand acr
Six miles below the mouth of Little Snake River the Yampa enters
Blue Mountain Canyon, through which it flows to its confluence with:
Green River. There are no lands susceptible of irrigation in Bl
Mountain Canyon. In the first 29 miles of this canyon the average
fall of the river is 15.7 feet per mile. :

Little Snako River, tho principal tributary of the Yampa, drains
3,380 square miles, of which 1,870 squaro miles is in Wyoming. The'd
averago run-off from this tributary is about 100,000 acre-feet annually.
A fow thousand acres are being irrigated necar the headwaters of the
Little Snake, near the Colorado-Wyoming line. The Routt County
Dovelopment Co. is building storage reservoirs that will serve 10 5
reclaim about 40,000 acres of new lands. If this project is com: Practically all the streams in the Gr B i
pleted, the Little Snake will probably contribute little water to t 76 be Ob(i;(i.e(? oiB ézgltxzilss lillllcln'zvy oming

. Yampa. ‘ . ) i t{OIl n' 1§91. The tabulation of adjudicated water 1-i0n111ts O'Fgazln-
" Among the proposed irrigation schemes in the Yampa basin thr ssin, published by the board, shows fairly aceurately the S m e
are important. The Great Northern Irrigation & Power Co. has ted up to July 1, 1914, and forms the basis of t‘h: )froﬂ(l)(\};v?;;a:ag{b

e:

obtained a Carey Act segregation of 144,000 acres of land northf of
Yampa River, north and east of Craig, to be irrigated with water taken

' COLORADO RIVER AND ITS UTILIZATION.
. IRRIGATION.

, 133

reclaim approximately 10,000 acres of additional land in Utah.

Records showi - - -
ble, s 1owlng thq n-off from Henrys Fork basin are not avajl-

MINOR TRIBUTARIES.
t

A number of small tributarics enter Green River'between Henrys
Fork and Ashley Creck, the more important being Sheep Cartry
0?, Grous'e, and Brush creeks. It is estimated thatt’, these five tri%rs’
aries furnished water to irrigate 3,000 acres in 1913 and that thu-
& may be made to serve additional areas aggregating about 4,000 acrgz

STREAMS OF THE BASIN IN WYOMING.

:'In Wyomi.ng the Green drains an arca comprising 17,340 squ
iles, of. which 1,870 square miles form part of thcbbasih okaitége
' Snake Rlyer, a tributary of the Yampa. The altitude of the bas'e
1 Wyommg ranges from 6,000 to more than 13 ,000 feet. The rmtrl-l-
g season is short, but good crops are raised and g ’comparafivel
largo arca has been placed under cultivation. Y

Lands irrigated in Green River basin, Wyo., in 1913.

~from Elk and Fortification crecks. Several reservoirs are to be built Greon River direct, Acres, Aeres
and a small amount of construction work has been done. The water, NVermilion Creck C """"""" 27, Z;’g Cottonwood Creek............. .. 16, 856
available is probably not sufficient to reclaim the entirc area segre : T e ?{Zﬂi‘i (érrzzll‘{ --------------------- 10, 902
ated. - mlenrys Fork ... 10,495 | Groon Toiwos T r e 895

¢ Under another project it is proposed to divert the headwaters sh Creek................... 98 glﬁffl?gllglz‘w:c(})]r Gmsqcmek """" b fﬁ;
Williams Fork to reclaim approximately 28,000 acros soutlt of Yampas SRR EEERETEED _ 236 | Big Twin Creek.......... 1,028
River in the vicinity of Hayden. A number of reservoirs are to be CTreeees 5, 131 é‘lit.k’ Twin Creek............... 264
“constructed in connection with this project. * . Bitter Creck.......... ... 2 :?g iBI;ul]I:lg:l: Crock. ... o
The Elk River Irrigation & Construction Co. proposes to reclaim Big Sandy Creck................. g 075 | Mud Creck. ....2 /""" /7777 823
250,000 acres of lands between Little Snake and Yampa rivers Slate Creek..................... 6o | Lime Creek...... .. ... ... ... 193
water from Elk River and various small streams in the vicinity off o Muddu e 77T 6,342 | Crow Creek............ . 80
Tahns Peak. A number of reservoirs are to be constructed in cons ¢ Muddy Creek............ 60 | oSt Creok... 335

| N N . N e Barge Creek................. 13, 134 Wagon Creek............ ... .. 100
nection with this project also. The water supply is not sufficient {oSSE.Birch Creck............ . . .. "11g | Goodwater Creek........... ... 116

- reclaim all the land covered by the proposed canal system. Dry Piney Creek................ 1,847 | Mill Creek...... 57
In the Yampa basin as a whole about 40,000 acres were irrigaf 'gflhleP ;)’;EY C("Gek]-\ ------------- 11, 219 %ﬁ;l (21;011\ """"""""""" 1,070

in 1913, and possibly 260,000 acres additional may be irrigated. ddy Crooh. .. r T 2 722 | Alkali Creek.. 1T i
248, 000

HENRYS FORK.

In the area drained by Henrys Fork, comprising 644 square mil
about 15,300 acres were irrigated in 1913, of which 1¢,300 acre
in Wyoming. Thoe water supply will, if controlled, probably suffi

partly completed projects not

8Os(;dered In preparing the preceding table, it is estimated that about
80, 00 acres were irrigated from the Green and its tributaries in
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ithe various tributaries of the Green will doubtless be used in con-

nection with future development of irrigation. The aggregate

gcapacity of the sites is sufficient to control completely the flow of

he Green. ' : :

‘In Green River basin as a whole about 500,000 acres were irrigated
1913, and it is estimated that additional areas aggregating about

£1,170,000 acres may be irrigated. The basis for these estimates is
resented in the following tablo:

. Wjommg during 1913, and by noting the acreages i1'1c.1udedl1nw
- yarious projects it is estimated that 300,000 acres additional ma;
irrigated in the basin of the Green in Wyoming. :

I.ERIG&TION IN UTAE DIRECTLY FROM GREEN RIVER.

Practically no lands are irrigated by direct diversion from Gre‘qn :
River between the Utah-Wyoming line and the m(_)uth of Pricg
River. A few thousand acres have been irrigated by direct diversion;
in the vicinity of Green River, Utah, and.a. few hundred acres hayg
been irrigated in Littlo Valley, on Green River near the mouth of thesg
San Rafael. Altogether about 4,000 acres were n‘rxga.tpd in 1913 by
direct diversion from the Green below the Utah-Wyoming State line

Irrigation in the Green River basin.

Area irri- |Additional

: Stream. ated i area that

Unfortunately the topography in the vicinity of Green .Rlver : o ated in s b
Utah makes it extremely difficult to div.ert. the waters of this stream

for irrigation' For a number Of years prlvate partlcs have attemp_ted ite Rliver .................................................................... Ag’(-;:sOOO A?;]‘,()Oo

to finance a project to irrigate lands on both banks of Green River, Grgg%i‘;::r---.;..............‘.‘m_‘;‘_ﬁl&,’,:-_: L o

near Green River, Utah. The plan includes the construction of :a S Henrys Fork

i B000D CrooK..vuu eeennanninennennnonins b 388 10 008
diversion dam 160 feet high on Green River at the ‘mouth qf Coal! %?((I)C(r}?%ku.so ronis” e 0 .
Creek, which joins Green River from the east at a point 29 mlle.s:by : ’f;}%y é;’;;?;-_-_:;: - e el e 1o
river above the town of Green River. The distance from the diver: gr}}fmf’.f’i]{gﬂud"gm s et s
sion dam to the mouth of the canyon is 15 miles. Construction worl g tiver, ... SRSPN Sobosnt INF 0 B 0
in this section of the main canal, the capacity of which is to be 2,0 River direct in Utah.. 2211111111 4000 | 170,000

second-feet, would be difficult. The total area covered .by the pro-
posed canal system is 264,000 acres. The arable 1and. is estimated
at 200,000 acres. A temporary Carcy Ac}; segregation has been
obtained for all the irrigable land in the basin, estimated at 170,00
acres, of which 117,000 acres will be reclaimed by a gravity syst
and about 53,000 acres by pumping. ' ey

SUMMARY FOR GREEN RIVER BASIN.

To cstimato tho loss to the flow of the Green that will result from
fthe completo utilization of the waters of the basin for irrigation, it
fhas been assumed that 70 per cent of the total area will receive water
joach year, that the head-gate duty for this net arca is 3.5 acre-
feet, and that 25 per cent of the water diverted from the river
gvill be returned as scepage from the irrigated lands. Under these
umptions the average annual loss to the flow of Green River may
ghe about 2,150,000 acre-feet. Thero may also be a loss of about
$100,000 acre-fect annually due to evaporation from the water surface
of the various storage reservoirs. The average annual loss in the
gow of Green River, due to diversions from the Green River basin
glo other drainage basins, will amount to about 100,000 acre-fect.
iThe total loss under conditions of complete development may there-
,iore amount to about 2,350,000 acre-feet annually. Deducting this
fsmount, from tho 5,680,000 acre-fect, indicated by records for the
eriod 1895 to 1914, inclusive, as the average annual run-off from tho
?)asin, gives 3,330,000 acre-feet as the average annual discharge of

cen River at its mouth, if full use for irrigation is made of the
water of the river and its tributarics.

The total annual run-off from the Green River basin, estimated fron
records showing the discharge of Green River at G;:een River, Ut
and of San Rafacl River near its mouth, for the period 1895 to 19
inclusive, has ranged from 3,820,000 to 9,259,090 .uqre-fcet; t}}e me
was about 5,680,000 acre-feet. Six reservoir sites in the basin rang
in capacity from 1,000,000 to over 4,000,000 acre-feet. T}.m larges
known reservoir sito in the area drained by the Colorado is that
the junction of Green and Grand rivers. A _dam to raise the wa
fevel 270 feet, constructed on the Colorado 1mmcd1a§cly below ¢
junction, would create a reservoir having storage capacity of 8,600,00
acre-feet. Recent investigations by the Rcclarr.mtl.on Service thr
some doubt on the feasibility of developing t:hls site. on _account
the absence of satisfactory foundation for a high dam. In addit;
to these large reservoir sites, whichmay prove of value in c.om'lect
with the control of the Colorado, numerous small reservoir sites
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‘L.;‘IRBIG‘AT,ION FROM, COLORADO RIVER DIRECT.
GENERAL CONDITIONS’

mdo, both the Green and tho Grand oceupy canyons whose walls T
almost vertical. At the junction of the two rivers the canyon walls
are about 1,200 feet high; immediately below the junction th
canyon is about. 1,300 feet wide from wall to wall. Then for 61

miles the Colorado flows through canyons whose walls range in:

height from 1,200 feet above the river at the junction of the Green
and Grand to 6,000 feet in the Grand Canyon, below which they
gradually become lower and finally disappear near the mouth of
Virgin River. Below the Virgin the Colorado passes through a
sorics of open valloys separated by short canyons. Betwcon the
Grand-Green junction and Cottonwood Valley the average distance
between tho canyon walls at an clevation of 100 feet ¢ .Lbovo the water
is probably less than 2,000 feet. In the 616-mile scction of the
Colorado above Cottonwood Valley no water will ever bo diverted
for irrigation. Below Cottonwood Valley are vast arcas of fertile
land suscoptiblo of irrigation by diversion from the river.

Colorado River carries enormous quantities of silt (see pp. 218-220)

which passes into the canals and if allowed to remain soon reduces.

their capacity. All irrigation projects on the lower Colorado mus
faco the silt problem. Thousands of dollars are spent zmnua.lly b
the California Development Co. and the mutual water companies in
_the Imperial Valley keeping ‘the canal systems in operation. “Th
California Development Co. keeps two suction dredges (Pl X, 4)
the main heading on Colorado River, one at the head of the channe
that leads from the river to the head gates (Pl X, B) and the othe
immediately. below the head gates in the main cmnl

DUTY OF WATER.

To determine the quantity of water necessary for the proper irri-
gation of land in the Colorado basin it is necessary to know not only
the duty of water but also the monthly and yearly demand.

The “duty” of water may bo expressed (1) in terms of arca of the
ground whose agricultural requirements are satisfied by the applica-
tion of a given quantity of water, gencrally one second-foot continuous
flow through the irrigation scason; or (2) in total depth of water
which must be applied in the irrigation scason to satisly the agricul-
tural requirements of the ground cropped. Under cither definition
the point at which the water is measured should be stated. For

cxamplc, measurement at the point of diversion from the natural :
stream gives the head-gate duty; measurement at the point where the:

main canal enters the lands to be irrigated gives the distributary duty
measurement in such a way as to represent the actual depth or quantlt
of water which the crop recewcs gives the not duty

U. 8. GEOLOGICAL S8URVEY

WATER-BUPPLY PAPER 8905 PLATE X

A. SUCTION DREDGE IMMEDIATELY BELOW HANLON HEADING, IMPERIAL CANAL.

Dredge is operated intermittently and removes silt deposited below the head gates.

B,

HANLON HEADING, IMPERIAL CANAL.




IRRIGATION.,

In determining the duty of waterin the valleys of the lower Colorado

8- number of factors must be considered. In Utah, Colorado, and

yoming, in the upper basin, water is diverted for irrigation during
oro or less definite period commonly called ‘“the irrigation season,”

Evhich usually extends from April 1 to October 1; on the lower Colo-

ado, though the rate of demand varies from month to month, there
‘no definite irrigation season, water being diverted for irrigation

tthroughout the year. In determining the adequacy of the water

upply for irrigable lands below the mouth of the Virgin the “‘head-
ate duty,” expressed in acre-fect of water that must be diverted

rom the river to satisfy the requircments of the arca cropped, will
o used, that is, an attempt will be made to estimate the quantity of

er (in acre-feet) that must be diverted from the Colorado to satisly .

fduring a calendar year the agricultural requirements of the area to be

rigated.

On the Yuma project, for example, a head-gate duty of 5.5 acre-feet

r acro irrigatod hias been assumed by the United States Reclamation
Service, the monthly distribution being as follows:

mtemplated use of water on the Yuma project of the United States Reclamation Service.

Acre-foot. Acre-foot.

It is probable that a head-gate duty of 5.5 acre-feet will be found
be too low, that is, that less than 5.5 acre-feet will meet the require-
ents of the crops.

To serve lands in Imperial Valley (see Pp. 140-144) the total diver-
n by the Imperial canal during 1913 amounted to 5.38 acre-feet
r'acre irrigated, as indicated by the following table:

Quantity of water diverted in 1913 through the Imperial Valley canal Jor the irrigation of
: 814,000 acres of land in the United States and Mezico.

Diversion

iversion.
Diversion per acre,

Acre-feet.
103, 000
107,000
150,000
157,000
177,000
173,000
196, 000
186, 000
165,000
136,000

76,000
67,000

1, 693,000
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B IRRIGATION,
i That is, the table shows that the head-gate duty for the Tmperi . Monitly ditribusion of water for irrigasi

: In ; : : galion of lands b, irgin Ry
Valley for the year 1913 was 5.38 acre-feet. Tho California’ Devel- - et Vg T
opment Co., which owns the canal and the main distribution system,’ : pore
has entered into a contract with the mutual water companies in the T

Imperial Valley, agreeing to deliver water to the mutual water com-
panies on demand, the quantity to be delivered during any ono year
not to exceed 4 acre-feet per acre irrigated. The water is measured |
to the various mutual water companies at specified points on the:
main supply canals near the boundary of the respective projects of:
the mutual water companics. The California Development Co;
agrees to stand a loss of 10 per cent to cover losses duc to seepage:
and evaporation in the distribution system within tho projects of the
mutual water companies. In other words, the California Develop-:
ment Co. receives pay for 90 per cent of the water measured to th A head-gate duty of 5 acre-feot, therefore, forms the basis for the
various mutual water companies, which pay 50 cents per acre-foo tmates of tho water necessary for the proper irrigation of the
for the water so delivered. : ; ,730,000 acres of Irrigable land in the Colorado River basin below
Owing to the fact that the California Development Co. is under ho mouth of the Virgin.
contract to deliver water on demand, thero is always an uncertaint;
as to the quantity that will be required to mecet the demand on
day in advance. It requires about 30 hours for the water to pass
from the heading of the Imperial Valley canal to Sharp’s heading
(See p. 143.) It has therefore beon necessary for the California De
velopment Co. to predict the demand about two days in advance
At times the demand has been less than that which was predicted
and the water having already been diverted from the Colorado was
necessarily wasted into the Alamo channel and passed on to Saltos
Sea. Some of Fhis waste of water will doubtlesg be avoided when Privato engincers have invest. atod th er In Roserv,
greater proportion of the lands under the Imperial canal system fthe Palo Verdo Valloy, Pal % ° 0 possibilitics of Irrigation in
irrigated. The rotation system of irrigation has not been used Fr y " al0 Verdo Mesa, Chuckwalla Valley, and
the Imperial Valley. The problem of disposing of silt in the Imperi S . domh ¢ information thus majde a
Valley is serious, and a system of irrigation that would resultir Bireas botwoon Bulls I-SIoZZIVIII‘zg Iliouglllx the location
fluctuating heads of water in the various distributary canals would & he shaded arcas on this ock and Cibola V'a.ll_cy (PL X1
probably: not be practicable. It does, however, seem likely that th e pumping systoms . III:I&I; lglcludo lalnds n'“gable_ b
head-gate duty of Water_for fjho Imperial Valley will })0 raised. px 0100 feot, boon considored. the ox}:; cOItliOOII: 1z)x,cc h:ﬁ a lift
From the record of diversions through the Imperial canz}l durmg B rojoct, which has boen i’nvost' tpd " eing tho Cl}llckwalla Valley
the years 1011, 1912, and 1913 the percentage of the total diversio jhich 1t is proposod (o reda.‘g“ Ob Y private engineors and under
for each month of the ycar has been computed and a hc.ad-gato duty : averago lift would bo 95 ;Icnta (')11‘1;‘, 21‘.1,000 acres I?y pumping;
of 5 acre-fect has been assumed, as shown by the following table the Chuckwalla Valloy are s(;i;l o ﬁcszll an@ ﬁhm:zltlc cczlndxtions
o ' Specially adapted to the

gowing of oranges. If orangos and other fruj
. 1t can b -
gessfully the lands in this valley m borating o

j‘x; would rosult with an averago
fus development may be remoto

1 The
hic survoy of 4
=3, and tho United States

tions covering Mohave and

Indi i ado spocial investiga
and the Colorado River Indian Reservation,

Chemohuevis valloys

gablo
, In pocket).
y-both gravity
of moro than

ato of arcas irrigablo by gravity
olorado. Tho arcas ot present

qnq PuUmping systems on the lower
irigated and the possibilities of
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A S fthe arca that would ultim
future hrigation in Mohave, Chemehuevis, and Calzona valleys,: the charged inland instead of

Colorado River Indian Reservation, Palo Verde? Valley, Palo Verd
Mesa, and Cibola Valley are shown by the following table:

ately be submerged if the Colorado dis-

into the Gulf of California.! It extends
orthward to a point a few

The northern,
Desert), lying'
and the margin of Salton Sea, !
or the Coachella Valley.?
Salton Basin, south of Salton Sea,

Wrhether north or south of the international boundary line, is called
‘ ‘ : : — e Imporial Valley.

- dam. ; ;
Irrigated and irrigable areas between Cottonwood Valley and Laguna dam etwoen the base of San Jacinto Poak
known as the “Indio region”’

Area

irrigated & The cultivated portion of the
From— in 1013.

Valley 85076 Balls FEad ROGK. ..o nne e 5 2% A Physically tho Salton Basin forms part of the great depression
abo K , L
ﬁoot’ﬁg::%oad“e abg%’ween Bulls Head and Mellen.........c.coveivneeieannnnn. - »000 poed

Ii hoso southern end is occupicd by the Gulf of California, The
i Y+ e serenasoanioaresaonnensoones ‘ : o
Cafite e bl i g glowest point in the basin is about 280 feet below sea level, and the

2,000
lorado River Indian Reservation (by pumping) ol .. . _
Colorade, 2,000 greinfall on the arca docs not flow or tend to flow into the Colorado
ol :

Calzona Valley, near Parker..............oo.eeal
and seepage water from the

1 Palo Verde Valley..........
“ Pglg Verde Mesa (by pumping).....c.oeceienaiiiinnannn..

wever, passes northward into

‘ ' : Walton Sea, which receives also the overflow from Colorado River

flirough Alamo and New River channels. Alamo River heads in the
BELOW LAGUNA DAM. ; orthern edgo of tho Colorado River delta cone, immediately south

‘ of the international boundary line; New River formerly flowed from
“ | The possibilities of irrigation on the Colorado below tho Lag Blolcano Lake. At tho present time Colorado River flows into

. . . he areas in the United} lcano I{ake and finds its way to.the Gulf of California through

dam can be est.@atecl “{lth fair s{)ccura;)lf fox:x:t;?r investigated. ‘Twollardys River. A levee north of this lake now prevents any water
States, but those in Mexico have been only partly in the YumaJtaching New River from this source, According to McDougal *—

xl' A of the most important projects in the entire ‘!)asm are D5

U project of the United States Reclamation Servico and the Imperial

Valloy (by pumping)........ocoeiiiiiiiiiiiiiii i Lo o any of its tributarics. The wasto
Chuckwalla Valley (by pu -4 e 2 :
(071174 E I 21 1 - S ,

p— igated lands in Impoerial Valley, ho

YUMA PROJECT.

RThe earliest existence of Salton Sea within histo

ric times is that shown on Rocque’s
M 0 iha * % % M
Valley project of the California Dovelopment Co., under which lands] P, 1762. Collated ro

ports give the presence of flood water in some volume
1 L R

_ in tho United States and Moxico aro irrigated. From data collocted] esink in 1828, 1840, 1849, 1852, 1859, 1862, 1867, and 1891.
” » 1n the Unite ‘ M

1
|
¥
|
| i lamation Service, tho California Dovelop) 1903 and 1904 only waste water r(}ached t.he Salton Siqk. Dur-
. by the United St.utes Rec amatl b ! b ropared showing the summer of 1905, after a succession of winter and spriag floods
’ ment Co., and private Cngineors, admﬂpl asds ifl I:Ltpmg' be irriga s Gila River fo]lox.vcd by exceptionally heavy summeor floods in the
f - roughly the areas now irrigated and the lan below the Laeuna dis olorado, the flow into the sink was repeated on a much larger scale.
” by future dovelopment on Colorado River below S During this period the Colorado abandoned its old channel to the
(PL XTI, in pockfif')- - : ) erial County SR and flowed north into Salton Sink, which it filled to a depth of
The Yu‘m.a. pro].%t 151 Yuma Countoy:)é})rlzgrzgdw]illﬁl Ii)c(:‘ liclaclzim foet, submerging about 291,000 acres. On February 11, 1907, the
” Cal. If this project 18 completed 160, 9“ . The wato ,}eak was closed and the river forced again to flow south into the
— 90,000 acres by gr “VILnymd 7?’800 IIJ) y upl‘;,mdl:r?lg.whi oh was.co julf of California.t Tho following table shows tho condition of
i from Colorado River at the Lagur dam, 380 fon Sea since March, 1907.
' | ggl?z:g aI;;'a cost of about $1,673,000. This is tho only damths w120 Sod Asmcc e
” has been built on Colorado River. In 1913 about 20,000 acres w g frunsky, C. K., The lower Colorad

A . 1-51, Decomber, 1907, o
AT : nder the Yuma project. fil Mendenhall, W. C., Ground waters of the Indio rogion,
lrmgatcd und P ol. Survey Water-Supply Paper 225, p. 9, 1909,

& McDougal, D. T., The Salton Sea,

0 River and the Salton Basin: Am. Soe. Civil Eng. Trans., vol. 59,

, Cal., with a sketch of the Colorado Desert: U, 8.
LEY PROJECT. Carnegie Inst. Washington Pub. 193, 1914,
” IMPERIAL VAL or detailod accounts of the causes that led to the formation of Salton
: : A - . 3 final successful effort to shut the fl
The Imperial Valley project is in Imperial County, Cal., in wha :

known as the Salton Basin, the name Salton Basin belng apphed :ﬁ’- c. E:» The l(;w;—‘zzcgoradobltivler'?nd the Salton Basin: Am. Soe. Civil Eng. Trans., vol. 59,
H the region in southeastern California and northern Lower Califo - V1; disoussion pp. 52-62, December, 1907.

N Y, H. T., Irrigation and river control in the Colorado River delta: Am. Soc. Civil Eng. Trans., vol,
rlier known as the Colorado Desert. The basin has been defin ¢ PP- 1204-1453; discussion, pp. 1454-1571, December, 1913,
ea §

Sea and of the various attempts

ood flow of Colorado River from the Salton Sink, see the Tollowing
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. Water levels, area submerged, and annual evaporation of Salton Sea. .

——Tr
Depth

: Yovals | Area | DO vapors:

d sea level 1. | evapora-
o G| morgo. | eygpors | Hon-e75

Feet. Acres. Feet. | Acrefeels
| =975 ] 201000000000

MArch, 1007 . o eureennnereaseneramenaaeaaaecaonaaronnsanecane Tt 282; oo i l,ogg’%
ey Lo, —206.0 | 271,000 4.8 | 1,327,001
Tamaary 1070; —210.1 | 262,000 4.1 1,083,000
January, 1910, Zoi31| 250000 50 I’W’mb
Januarys 1o —219.4 | 240,000 4 :;, 2064, 000
January, 1912, T s | 229000 3 i s o
i AR —227.7 | 218,000 A
ganuary,}!s;}g ............... —3231.8 | 208,000 1| 873,00
ANUATY, 1915, cuee oot !
a Rainfall and inflow disregarded. ;‘n’i

From incompleto rocords showing the inﬂow‘ f1f0m .Alamg 1!:%
Now rivers since February 11, 1907, tho total 111[19w into tud%gt
Sca from February 11, 1907, to December 31, 1913, ..IS cst?ll?m eeri:
approximatély 1,700,000 acrc-fect. The raxr}fall during . 1?1 p oS
was about 18 inches. Had there been no rainfall and no inflow !

FEEY

“195- T J M 1 T E
. 198 /_(\“‘c., orado RJver break closed Feb.l,190: 18
~208° N i
. o

s AN =

NN :

=225 ~ %
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~ fall, assuming annual inflow

~235 ) ~J. y Calculated azo,&?):ox?’mé c%e-feet ! {;
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" FIGURE 1.—Rise and fall of Salton Sea from November, 1904, to January, 1915, and probable fall to’lﬂ‘vz‘],

lake level on January 1, 1914, would ha}ro been — 2‘37.6 feet, 111.d11(;§%
ing that tho average annual cvaporation from Sultqn Sea 1s,‘,,t;“:
fect. As the water surface lowers, the arca oxposed to cvalll)om 10,
becomes smaller and the tendency of. the inflow to hold up th o Watg
level becomes greater. Rough cstimates of the fuu in the Vza
lovel of Salton Sca for each year to 1927, based on tho assm]x;pt :‘1;:
that there will be no overflow from Cc?lorn,do -chr.and t' zzli 1h
annual inflow is 200,000 acre-feet, and dls}'cngrdmg I:amfall, indice|
that Salton Sea will continue to dec.reaso in size until abQut. 13126,3
1927, when evaporation will equal inflow and the arca perio ct‘t‘(
flooded will be between 40,000 and 50,000 acres. (Seo fig. 1()if1
The Imperial Valley canal systom covers lands that extend
Salton Sea to a point south of the international boundary an 11' g
in altitude from 30 feet above sea level to 231 feet below_seo: 19__v
the elevation of the water surface of Salton Sea on Octpber 1,;0 9.
In 1913 the Imperial canal system covered more t}mndfi(i 0
acres of land in Imperial Valley in the United States an
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and approximately 314,000 acres wero irrigated—264,000 acros in
f,f,he United States and 50,000 acres in Mexico. .

- The canal takes water from Colorado River at the ITanlon head-
ing (altitude 114 feet above sea level) in California, a few hundred
dect abovo the intornational boundary line, about 7 miles by river
below Yuma, Ariz, It passes. into Mexico, and extends westward
about 50 miles to Sharps heading, where the water is carried back
into the United States through several smaller canals,

. The capacity of the canal at the present time is about 5,000 second-
ieet. Owing to physical conditions it was necessary to construct a
:part of the main canal through Mexican territory. This canal was
constructed by the California Dovelopment, Co., a private corpora-
tion, which on April 25, 1899, acquired water rights in Colorado
River under a notico of appropriation posted in conformity with the
Laws of California. The notice of appropriation called for 10,000
6ubic feet per second.  As the laws of Mexico prohibit the acquisi-
ion by forcigners of lands within certain distances of the inter-
ational boundary, the promoters of the California Development
Co. organized under the laws of Mexico a subsidiary corporation
entitled La Socicdad do Irrigacién ¥y Terrenos do Ia Baja Cali-
fornia (Sociedad Anénima). On May 17, 1904, tho Mexican com-
any obtained from the Mexican Government a concession authoriz-
ing it to construct a canal through Mexican territory with a capacity
f 284 cubic moters per second (10,000 second-feet), and to convey
he water to the lands in tho United States, excepting only the

quantity required to irrigate Mexican lands in Lower California, the

quantity so used not to exceed one-half the volume of water passing

through the canals, '

‘In 1914 about 1,900,000 acro-feet of water was diverted through

he Imperial canal for lands in Imperial Valley in the United States

ind Mexico. The maximum quantity diverted was 4,307 second-fect

0 July. All lands under the TImperial canal system in the United

tates and Mexico were, however, not under cultivation in 1914,

nd it appears probable that within a fow years the total annual

iversion through this canal may exceed 2,250,000 acre-feet,

:The Imperial Valloy irrigation district, which has been organizod

or tho purposo of taking over the canal system of tho California

! lévelopmcnt Co., proposes to construct what is locally known as the
All-Amorican Aqueduct. If this plan is carriod out Imperial Valley

;tho United Statos will recoive its water (rom the Colorado at the
Aguna dam. Tho proposed canal would follow the foothills west
:tho Yuma project to tho international boundary and then par-
el the boundary on the Amecrican side to Imperial Valley. It
uld be necessary to construct a tunnel or decp cut through the
d hills betwoen the Colorado and Imperial Valloy. Tho cleva-

i
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tion of the water éurface at the forebay at the Laguna dam ié;,15~1" fo

-above soe level. If the All-American Aqueduct wero cbnst;'gc »
water could be delivered to irrigable lands in Imperial Valley at'ang

clovation of approximately 140 feet above sca lovel. With this'sys
tem completed, and with the installation of pumping plants to raise s
part of the water to higher lovels, approximately 900,000 acreso
land could be watered in Imperial Valloy in the United States.!Ir
1913 the Imperial canal served 1,693,000 acre-feet, of water to 314,0

acres in the United States and Mexico. The present canal system o
the California Development Co. could be extended in Mexican terri:

tory to cover an additional area of approximately 200,000 acres
» IRRIGABLE LANDS IN MEXICO.

The Del Rio project is in Sonora, Mexico, immediately sout}
the international boundary and directly south of the Yuma projock
of the United States Reclamation Service. Preliminary investig :
tions of this project have been made by private engineers. =Prag

tically the entiro tract of 297,000 acres could be waterod by a gravity
system if the water were diverted from the Colorado at Laguna dam

A part of this tract could bo watcred by a gravity system with a canals

heading at the international boundary on the Arizona side,: ang]
nearly all of the remaindor of the tract could be watered by a pum
ing plant installed to lift the water 50 feet.

Vast areas of irrigable land also lie south and east of Volcand

and east of the dry channel of tho Colorado (Pl XII, in pocket)d
No field examinations have been made for tho purposo of determin
tho feasibility of irrigating these lands, but the following estimat
the number of acres susceptible of irrigation is believed to.
conservative:

o
T O

- The following table is probably fairly indicative of the condi ior
of irrigation, present and future, on Colorado River below Lag

dam: .
Irrigation on Colorado River below Laguna dam.

Area irri-

Projects. gated in
1913,
Yuma project, U. 8. Reclamation Service: - . - Acres.
Bypgravity.... F. 20,000
I Byi' ﬁn{,m lmg.. . 0
mperial Valley:
pUnif.ed 1 7 264,000

Lands east and south of Volcano Lake in MexiCo.............ooovueveeaennnnu..
Lands east of dry channel of Colorado River and west of Del Rio tract, Mexico. ...
Del Rio tract, In MexXiCo. . ..cuuiennriiiiiii ittt ittt ieeernneeenesncrnnnennns

&inclosed by a circlo, water is or may be diverted from the basin of the
[River basin to other basins or under which such diversion is con-

®tho points of diversion, and tho arrangement is determined by the

9\ liverted from the Colorado River basin annually in addition to the

‘ ned,
Ao

‘IRRIGATION.

WATER DIVERTED FROM THE COLORADO BASIN TO OTHER
- DRAINAGE BASINS.

POINTS OF DIVERSION.

The drainage basin of a stroam comprises the area the run-off from
which reaches or tends to reach the stream naturally. The boundary

Bbotween a drainage basin and other basins is rightly termed the

‘divide”” or the “watershed.”* On the map (PL. XIII, in pocket) the
drainage basin of the Colorado is the arca inclosed within the heavy
oken line. At certain points, indicated on the map by a cross

Colorado to other basins.
The projocts under which water is divertetl from the Colorado

Eémplatcd aro listed in the following table. The numbers and
symbols cotrespond to those used on the map (Pl XIII) to indicate

mount of water to be used.

Present and proposed diversions from Colorado River basin.

Diversion. Stato. Annual
. diversion.

-

LS
2]
'?

=~
3

N N T o]

Imperial Valley a
Strawberry Valiey
Blue River system
Fraser River systom
Williams Fork systom

New Castle reclamation projec
Eagle River system..........
Grand River ditch...

Church ditch........
Daniels ’ass. ...cc.o.......
Soldier Summit,

California

:

s58333383:t

o >
rasERRsEs
o
g

—— 3

Colorado.
...do.

i, b esesarieiannn et aeetetaaraeaaas
Duchesne-Provo
Piney Creek

&
S

~—
oo
~—

l
I

N
2
g

8 Described in counection with irrigation from Colorado River direct; see pp. 140-144.
b Proposed.

¢ In operation; amount diverted small.

If all these projects are put in opcrdtion about 380,000 acre-feet will

amount diverted through Imperial Valley canal.

By some writers ¢ watershed ” is used in the sense of ‘““drainage basin,” buf as “ watershed ”’ pri-
ily means the “divide”” and is generally used with that meaning, the use of the word in the two

results in uncertainty and confusion. The United States Geological Survey has therefore
pted the practice of restricting “ watershed ”” to the divide and using ““drainage basin” for the area

21022°—wsp 395—16——10
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DIVERSION FROM GRELN RIVER BASIN.
STBAWBERRY VALLEY TUNNEL.

~ The Stmwberry Va.]ley pro;ect (& 2, PL. XIV) of the Umted States
Reclamation Service is in Utah and Wasatch counties in the Stateof
Utah. Water is ebtained from Strawberry and Spanish Fork rivers
and a number of small outlying streams and springs. The irrigatior
" plan of the Strawberry Valley project prov1des for the storage. o
water in a reservoir on Strawberry River in the Colorado basin,; th
discharge of this water through Strawberry tunnel into Diamond
Fork, a tributary of Spanish Fork River in tho Great Basin, and th
leGISlOn of water from Spanish Fork River into canal systems
watering 50,000 acres*of land east and south of Utah Lalke.
The Strawberry reservoir was created by the construction of
dam 72 feet high, giving a storage capacity of 278,000 acre—feet
The sills of the outlet are, however, so high that only 250,000 acres
feot of storage is available. The dam was completed September 20
1913. In addition to the run-off of Strawberry River above the dam

- the run-off of Indian and Trail Hollow crecks is diverted into the

reservoir by means of a feed canal. The capacity of the reservoirg

exceeds the maximum run-off from its tributary basin. Except for
slight seepage through the dam, the entire run-off from the basi
the reservoir will be diverted through Strawberry tunnel.

The Strawberry tunnel was constructed through the Wasatch
Range, its east portal being in Wasatch County and its west por

in Utah' County.. (See Pl XIV.) The tunnecl is 19,897 feet long 34

and is lined with concrete. The inside dimensions are as follows
Width, 7 feet; height of spring hne, 6} feet; height to top of arch,
83 feet. Tho gates of the reservoir were closed November 19, 1912,
and on ‘November 30, 1914, the quantity of water stored in’ th

reservoir was 170,000 acre—feet The tunnel was formally opened ‘
by allowing reservoir water to flow through the tunnel September 13,3

1913. The Reclamation Service reported the cntire project 81 per
(cent completed June 30, 1915.
The annual run-off available for storage in the Strawberry Valle
‘reservoir, as estimated from records showing the discharge of Stra
berry River below the mouth of Indlan Creek for the period 1903
' 1906, and from 1908 to date, ranges from about 50,000 acre-feet:tq
160,000 acre-feet. .The mean for the period 1904 to 1910, inclusive
the run-off for 1907 being estimated, was 97,000 acre-feet. The area)
of the water surface of the reservoir full, is 8,200 acres. The sea lev
elevation of the water surface with the reservoir full is 7,558 feet. ° ‘T
seepage loss from the reservoir is about 4,000 acre-feet annually, and
average annual loss due to evaporation will probably be about 10,

1 U. 8. Recl. Service Fourteenth Ann. Rept., 1914-15, p. 265, 1915.

WATER-SUPPLY PAPER 395 PLATE XIV

11°10° RW.
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@Diversion A _ pitch + Land cornerfound
=~~~ Boundary of Colorado River Basin.
MAP SHOWING DIVERSIONS FROM COLORADO RIVER BASIN TO THE GREAT BASIN AT HEAD-
WATERS OF STRAWBERRY RIVER, UTAH.
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re-feet. To dotermine the angual run-off available for storage in the
wberry Valley reservoir for a long period of years, the dlaclmrge
trawberry River below the mouth of Indian Creek has been com-
red with the run-off of Green, Provo, and Spanish Fork rivers.
fhe run-off of the Strawberry has also been compared with the total
nual discharge into Great Salt Lake. These comparisons indicate
i’n with an available storage capacity of 250,000 acre-feet about
10 ,000 acre-foot may be diverted annually through the Strawberry
alley tunnel. With 80,000 acre-fect diverted and 10,000 acre-fect
!u by evaporation, the loss to Colorado’ River and its tributaries
yould bo 90,000 acre-feet annually, distributed as shown in the table

DANIELS PASS DIVERSIONS.

aniols Pass (@ 10, PL. XIV) lics between the headwaters of Straw-
ff: ' River and Daniels Creek, a tributary of Provo River, about 10
files north of Strawberry tunnel (PL. XIV). Five small ditches
g \{ert water from tho hoadwaters of Strawberry River over Daniels
Pass into tho basin of Daniels Creck. Theso ditches wore constructed
by privato parties for the purpose of augmenting the water supply
groilable for the irrigation of latids at or near the mouth of Daniels

nyon. -A part of the water is also used for domestic supply and

watering stock.

Ditches in Dandels Pass diversion system.

Ap roxi-

date

of prior-
ity.

Name of ditch. Capacity. Ownership.

Sce.ft.
Strawberry Creek .. Strawberry Canal Co
...| Hobble Creek.... .. 0 do.

.| Hobble Creek branc - do.
Willow Creek. ... .. Wiilow Creek Canal Co.
McDonald. McDonald Bros

{lhe position of the point of diversion of each ditch with respect to
tion, township, and range is shown on Plate XIV.

Buantity of water, in acre-feet, diverted over Daniels Pass by the five ditches, 4 to E,
inclusive.

June. July.

811
647

o Estimated.
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Water is dlverted over Daniels Pass only during the open’seaso
. and reservoirs are not used.” The average annual loss to the Colo;
River basin by diversions over Daniels Pass is about 4,200 acre-fe
The distribution of this loss is shown in tho tablo on page 157,

DIVERSION FROM VIRGIN RIVER BASIN.

he New Castle Reclamation Co., a privato corporation, controls a
fproject (@ 1, P1. XIII, in pocket) in southcastorn Utah mWa,shmgton
Pand Tron countles The irrigation plan provides for a reservoir on'!
rass Valloy Creek, a feed canal leading from Santa Clara Creek to !
he reservoir, a tunnel through the rim of the Great Basin to the
i ainage basin of Pinto Creck, diversion works on Pinto Creck, and a
anal system to serve about 15,000. acres of lands near New Castle,

SOLDIER SUMMIT DIVERSION.

Soldier Summit (6 11, Pl. XTIII, in pocket) is the crest of tho dlf
vide between Price River and Spa.msh TFork RiverinT. 10 S, R. 8
Salt Lake base and meridian. In about 1896 the Spanish Fork Lasj?
Bench Irrigation & Manufecturing Co. constructed a ditch over SoldS
dier Summit in T. 10 S., R. 8 E., a short distance north of the trac Uto.h in T. 36 S., R. 15 W., S“"lt Lake basc and meridian.
of the Denver & Rio Grando Railroad. This ditch, which is known 'San.ta. Cla.m. Cl(‘(‘k Grass Vallcy Creck, and Pine Valley are in Vir-
as tho White River ditch, diverts water from White River, a trib f River basin. The reservoir and (hvcrqmn tunnel are in Tps. 38
tary of Prico River, over the rim of the Great Basin into tho bas and 39 8., Rs. 14 and 15 W. (Scc fig. 2.) A reservoir having a capac-
of Spanish Fork River. The capacity of the diteh is approximatel ity of 23 OOO acre-feet is formed l)y a 90-foot dam on Grass Valley
15 sccond-feet. Water is used on lands in T. 8 S., R. 3 E. Tho fol reck.  The diversion tunnel, which leads from the reservoir to the

lowing table shows approximately the quantity of water dlvert basm of Pinto Creck, is 5% fect by 6% feet, inside dimensions, is 5,000
over Soldier Summit. = glect long, and for 500 feet is lined with concrete; its capacity is 200

second-feet.  This tunnel was completed in Auguqt 1913, but no
: ater was diverted through it during that year. In 1914 about 4,000
rc-focL of water was diverted L]uou«fh the tunnel-up to July. A
anal having an elevation about 180 fcct above the floor of the tunnel
.h been used at this site since 1909, the average annual diversion
,n ough it being 2,000 acre-fect. thn this project is completed
- : iis average annual diversion from the Colorado River basin will be
i S - : - TSEERbout 25,000 acre-feet.  Owing to the fact that the reservoir is in the

yirgin River basin the quantity of water lost to the Colorado River
fpasin will dopend on the total run-off from the basin tributary to the
feservoir, as the run-off will be stored during the entire year though
Bhe diversion to the Great Basin will be nmdo during the irrigation
on. The monthly distribution of the loss to the Colorado River
n is shown by the table on page 157.

Quantity of water diverted over Soldier Summit, Utah.

Second-foet.

Minimum.

Maximum.

}:iay (12 days)...

Water is diverted only during the irrigation scason and no reservo
are used. The average annual loss to the Colorado River drainage
basin by diversion over. Soldier Summit is about 1,500 acre-feet and
distributed as indicated in the table on page 157. .

DIVERSIONS FROM GRAND RIVER BASIN, COLO.

~ DUCHESNE AND PROVO RIVERS DIVERSION.

Preliminary investigations have been made by private parties GENERAL CONDITIONS.
determine the feasibility of irrigating lands in Utah and Salt La
counties, Utah, west of Jordan River, by water diverted from’

Provo and from the headwaters of the Duchesne over the rim of |
Great Basin into the Provo basin. The proposed point of divers
(& 3, Pl XIII, in pocket) is in T. 3 S., R. 9 1., Salt Lake baso &
meridian. As water could not, howcvcr be dxvcrtcd from Duche
River to Provo River without interfering with the rights of wa
users on lower Duchesne River dunng the last half of the irrigat:
season, the quantity of water which it is physically posmble to div
from the basin of the Duchesne into that of the Provo is not h

cstimated.

g The eastern boundary of the Grand River basin is the Continental
Divide. IFor 130 miles along tho Continental Divide, between Mount
Richthofen and Homestead Peak, there are no passes at altitudes
byer than 10,000 foot. Some of the more important passes in this
dection of tho Continental Divide are Tennessee Pass (10,229 feet!);
i emont Pass (11,320 feet?); Breckenridge Pass (11,500 {eet?);
'1‘ llins Pass (11,680 feet?); Dovil's 'l‘humb Pass (11,750 [eet3) and
foosier Pass (12,450 foet3).

1 Authority, Denver & Rio Grande Railroad survey.
2 Authority, Wheeler Survey. .
3 Authority, U. S. Geol. Survey.
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FIGURE 2.—Map showing diversion from Colorado River basin to the Great Basin at headwaters
) gin River, Utah.
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- In that part of the Grand River basin between 9,000 feet above
sea level and the summit of the Continental Divide the mountain slopes
are excoedingly steep, rough, and partly forested, and the run-off is
carried in many small channels. As a whole the elovation of the
! drainago aroa tributary to tho supply canals of constructed and'
.proposed systems under which water is to bo diverted over the!
. Continental Divido oxceeds 9,500 feet. No known feasible reservoir
2 sitos oxist on the western slope above the 9,000-foot altitude. There-
 foro if a relatively large diversion to the eastern slope is to be made
, the foed canals must be very long and of capacity sufficicnt to carry
‘the run-off during the flood period, for the water can bo diverted

conly during tho open scason. The plau of diversion under pro-

- posed systems calls for the construction of tunnels varying from 3

‘miles to 6 miles in length. By utilizing long tunnels somo of tho feed
 canals may bo constructed at an elevation of 9,300 feot. It is
é‘{'evidont that any water diverted to the castern slope from the Grand
. River basin will bo costly. Tho quantity of water that will ulti-

.mately bo carried across tho ivide will be limited by the value of the

water in the South Platto basin.

GRAND RIVER DITCH.

v The largest and most successfully operated ditch now diverting
Ewater from the Grand River basin to the eastorn slope is the Grand
*River ditch, in Tps. 5 and 6 N., Rs. 75 and 76 W. sixth principal
:meridian, Colo. (P XV, in pocket). This ditch, which is owned by
the Water Supply & Storage Co., is about 9 miles long and diverts
ithe waters of Bennott Creek, Lulu Creck, Sawmill Creck, Dutch-
ctown Crock, and Lost Creek, all tributaries of the North Fork of
Grand River. Wators are divertod over a pass south of Lulu Pass
finto tho South Fork of Cascado Creck, a tributary of Cache La Poudre
River. A survey has been made for an extension of the ditch to
divert the flow from Bakor Gulch, 6 miles farther south, but this
part of tho system has not been constructed. Thoe Water Supply &
Storage Co. has been awarded a decreo of 524.6 second-feet, with
the priority dating back to September 1, 1890. The clevation of the
Grand River diteh is between 10,500 feet and 10,800 feet. The
(rainage basin tributary to the ditch is well forested, the slopes on
which the ditch is constructed are not excessively steep, and they are
i'overed with sufficient soil to make practicable the construction of a
fairly tight ditch. Tho operation of the ditch has been f airly success-
Jul. A watchman who can be reached by telephone is employed the
year round. In order that tho ditch may be operated early in the
spring it is necessary to remove slide rock and snow. Water is never
diverted prior to May 1, and usually the first diversion is made during
'the period May 15 to 20, but in years of heavy snowfall, with unfavor-
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able weather in the spring, the ditch may not be ogerated ugtnljtqu
June 1. = . a R

. The drainage arca tributary to Grand River ditch is abou
squarc miles and tho average annual diversion to tho castern slope
will bo about 16,000 acre-feet, distributed aseindicated in the table

ind South Ranch creeks; the south canal would divert the waters of
quez Creck and Fraser River. Man

y small intervening streams
ould also be intercepted by the canals.

( The drainage arca tributary
. this proposed system of feed ditches is about 80 square miles.

here arc no known feasiblo reservoir sites above the proposed supply
ditches on the western slope, and water could therefore bo diverted
nly during the open season. The diversion period would range
. . fom May to November, inclusive. Tt is estimatod that during years
Grand River dilch diversions, in acre-feet. f average run-off about 80,000 acre-fect could be diverted. The

of water divertod through the Grand River ditch.

% [From reports of the State engineer of Colorado.] serage monthly loss to the Colorado River basin is indicated in the
li Month. 1910 1911 1912 1013 blo on puge 157 CHURCH DITCH
Bao | 30| 50 éizgg ' : The Church diteh (@ 6, PL. XV, in pocket) or Berthoud Pass
I' ( July- e 1’3'322 3’?;4:?; i?gé e 3 al, was cons.tructcd.b)f George 1I. Church. This ditch is in T. 3
| Soptombr... 0 126 0 o0 R. 75 W., sixth principal meridian, and diverts from the head-
| November. ... 010111 Il 0 0 0 aters of Iraser River over the Continental Divide to the basin of
“ : i I il el fear Creck, a tributary of the South Platte. The maps on file in
. N ho Stato engineer’s offico show two. foeder canals, one from tho north
u FRASER RIVER SYSTEM. s ind one from the south, intercepting the headwaters of Fraser River
“ MOFFAT TUNNEL. _ jnd soveral of its tributaries, conveying the water over Berthoud
’ s . - to the headwaters of Clear Creck. No work has been done on
! The project under Wl}mh 16 1s .I{)r(;posedft:hg l(gizzsv azgrtiflroogoﬁho north feeder ditch.  Of the south feedor ditch about 3 miles have
g hea,dwater§ of Fraser River, a tri 11' My ) SR completed and 3 miles partly excavated. The completed part
I + Platte basin on the eastern slope affects Tps. 1, 2, and 3 5., Rs £ tho ditch, which int s C t Crock and
| 75, and 76 W. sixth principal meridian, Colo. (Pl. XV, in pocket); Sl the ditch, which intercepts Currant Creek and s

everal small streams,

about half a mile of
“ f this project. For a number of years the Denver & Salt Lakejlulined open ditch, and about 1 mile of open ditch lined with rubble
! o s .

i western & Pacific Railway Co.): gncreto al‘ld. dry rubble. The water is conveyed through the Con-
Eeliro\igrﬁﬁzg (tgezgi;’inN?:l‘g:ls for the purpose of constructing it.antal Divide by meansf of a timbcr-lmcd ‘tunncl 400 feet lopg,
' tunnel (the Moffat tunnel) 6.04 miles long through the Continents gring g clear section of 3 feot b)'f 5 feet. The tunncl has a capacity
”1 " Divide near Rollins Pass at the site (©5) shown in Plate XV. 6 sccond-feet. This ditch is more than 11,300 feet a}_)ovo sea
plans finally, adopted provide for the construction of the tunnel on ve% and t.ho s]':afson }hroughT}‘]Vh}d]ll it can }{3 operated is short,

de of 0.25 per cent for the east half and 0.78 per cent for the ?fe y opening beiore une. The following table, b.ascd on reports
gra Tho clevation of the east portal would be 9,190 feet and that Fthe State water commissioner, shows the quantity of water di-
H o tll?(laf west, Ooitcz;iagul)(r)lo feet; tho clevation at the midway point in ted by the Church ditch during the years 1910 to 1913, inclusive:

y b . B i
tunnel Wc?uld be 9,230 feet.* The city of Denver has invcstlg:?ted
¥ feasibility of obtaining an additional municipal supply by dlvgr
H "~ water from the Fraser River basin through the proposed rail
tunnel (the Moffat tunnel). It would be necessary to carry P
“ .+ water to the midway section of the tunnel under pressure. The'e -

Church ditch diversions.

Period. Acre-feet,

420
v L e
r (¥ ct. 0 Sept. 14 210

: ipe-line i about 9,300 feet. The elevations May 17 to Sept, 20" 1,162

- vation of pipe-line intake would be ) 162

of the proposed system of supply canals would th(;rei(';)re rarllge'; ]
tt haps 9,500 feet. The proposed feed canals wou v ‘ .

E 2;(?;;2(1)1({63&;1 I::lrd sI:)ut}; from the west portal of the tunnel. _he Church ditch was completed prior to 1907, w
n‘ ' north canal would divert the waters of North Ranch, Middle Rangh;

as put in opera-
1 in 1910, and has a decreed right of 53 second-feet, dated June
1902. The drainage area_ tributary to the ditch

|
|
l
1
|
|
l Several investigations have been made to determino the feasibilityZillnsists of 1 mile of 30-inch wood-stave pipe,

is about 3 squaro
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* miles. It seems probable that with better care about 4,000

- feet annually could be diverted through the Chureh ditch fr
Fraser River drainage. The manndr in which the loss to the Co,
River basin would be distributed through the year is indicated
table on page 157. :

from 10,300 to about 10,600 feet. If this system were completed as
fplanned it is probable that during an average year about 90,000
facre-fect could be diverted to the South Platte drainage. The
Eprobable distribution of the loss to the flow of Grand River throughout,
8 the, year is shown by the table on page 157. |
i Thero aro two power plants near the headwaters of Blue River

Two companics have investigated the feasibility of diverting wa g which might limit the diversion of water during certain periods of
from the upper basin of Williams Fork (@ 7, PL XV, in pocket), 8 the year. The Spruce Creek hydroelectric plant, on Blue River a
tributary of Grand River, to the basin of Clear Creck, a tributary offfew miles south of Breckenridge, was constructed in 1902 and is

WILLIAMS FORK-DIVERSION.

the South Platte. The plans of one of the companics, filed in Roperated during the summer and fall ; 1t uses 20 second-feet under a
State engincer’s oflice January 4, 1909, call for the constructio: Phead of 500 feet. Tho Summit County Power Co. has a hydroclectric
a tunnel 14,725 feet long and two main feed ditches, one exten planb at Dillon, on Snake River, which was constructed in 1908 and
north 2 miles and the other south 20 miles from the proposed locadiEuses about 50 sccond-feet under a head of 500 foet. The plant is

tion of the tunncl, at an elevation of 10,300 to 10,500 feet above
lovel. Tho drainage area tributary to the proposed ditches ab
the 10,300-foot contour is about 33 squarc miles. This project
been under consideration since 1902. A small amount of work:

joperated only during the summer months. Power is used for mining.

BRECKENRIDGE PASS DIVERSION.

& A small ditch, known as the Link-Slater canal, diverts water from

been done on both portals of the tunnel but none on the canals, the headwaters of Blue River across Breckenridge Pass (@12, Pl
o : the feed ditches were constructed to intercept McQueary, Steelm XV, in pocket), in T. 7 S., R. 77 W., sixth principal meridian, to the
m “and Bobtail creeks, South Fork of Williams River, and nume fbasin of Tarryall Creek, a tributary of the South Platte. Its capacity
small intervening streams, about 46,000 acre-fect could probabl gis about 6 second-feet. The clevation of the ditch is 11 ,500 feet, bub
. » diverted annually. Water could, however, be diverted only durin the scason through which it can be operated is very short. The
H | ~ the open season, as there are no feasible reservoir sites above:t iluantity of water actually diverted is not known, but it is probably
I} proposed feed canals. The probable monthly diversion is shown not greater than 700 acre-feet annually. The distribution of the
the table on page 157. ‘ Eloss to the flow of Grand River indicated by the table on page 157 is

%H ; , BLUE RIVER SYSTEM. ' ased on the assumption that only 650 acre-feet is diverted.

SWAN-TARRYALL CREEK DIVERSION. EAGLE RIVER SYSTEM.

| For many years private parties have been interested in a.p rivate parties have proposed to divert the headwaters of Eagle
i” 3 ' (& 8, P1. XV, in pocket) to divert water by means of a tunnel 2 iRiver (@ 9, PL. XV, in pocket), which joins the Grand about 20
IS feet long leading from the headwaters of Swan Creek, a tributary, Emiles above Glenwood Springs, across Tennessee Pass to the head-
Blue River, to the headwaters of Tarryall Creck, a tributary. of So fwaters of the Arkansas. The plan of development provides for a

ik Platte River. According to the plans on file in the State engincars short tunnel at Tennessee Pass, in T. 8 S., R. 80 W., sixth principal

M . ] ‘ofice two feed canals, with an aggregate length of about 80.: meridian, at an clevation of 10,000 feet above sea level, and north
. will convey water to the tunnel. The following streams wo and south feed ditches to convey the water to the tunnel. The

ol . intercepted by the feed ditches: Blue River, Miners Creek, south canal would be about 5 miles,long and would intercept Ben-
m ‘ Creck, French Creck, Swan River, Snake Creck, Keystone ( re nett Creck and Eagle River; the north canal would intercept the

% . Tenmile Creek, and a large number of small intervening str Blast Tork of Eagle River, Tenmilo Creck, Searl Gulch, Mayflower
|
{

~The drainage arca tributary to the proposed canal system is ab kGulch, and Clinton Gulch, tributaries of Tenmile Creck. The devel-
l 1[ 175 square miles.  Thero are no reservoir sites ab the headwa lopment of this project would interfore somewhat with tho proposed
i ‘Blue River abovo the proposed canals, but storage reservoirs on el gouth canal of the Blue River system, which has been planned to inter-
I eastern slope could be utilized and water would be diverted:on kcopt Tenmile Creek, Mayflower Gulch, and Clinton Gulch, tributarics
i during the open season. The elevation of the proposed tun Lof Tepmilo Creek. In estimating the amount of water that could be
il” : about 10,300 feet. The elevation of the feed ditches would, tdiverted under the proposed Blue River system (pp. 154-155) the




w w_zﬁ;er from the Tenmile Creek basin was included. The‘qli,‘a.gtlt
 water that can be diverted across Tennesseo Pass has been’es
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guore than 1,000,000 acre-fect, in connection with a plan to control
e floods of lower Colorado River, would also dispose of tho problem.
"The total quantity of water diverted from the Colorado River basin
'by all ditches now in operation and that would be diverted if proposed
ditches were completed is shown by the following table to be about
378,000 acro-feet. If retained in the basin, however, all this water
Would not be available for the irrigation of lands below Virgin River
kfor there would be a certain loss—probably not greater than 10 pex"
tent—duo to evaporation. It is possible, therefore, that diversions
irom tho basin may in tho future result in a direct loss to the flow of
tho lower Colorado of 340,000 acre-feot.

mated on the assumption that 22 square miles, including 6 square
miles on the west side of the Tenmile Creck basin, would be tribu.
tary to the proposed canal system. The elevation of the north and
south canals would range from 10,000 feet to about 10,300 feot.
Excluding that part of the drainage area of Tenmile Creek tributary,
to the proposed Blue River system, the quantity of water that can be
diverted across Tennessee Pass annually is approximately 21,000 acro=
feet. The tabloe on page 157 shows the manner in which this loss to
the flow of Grand River would be distributed through the year.

For a number of years a small ditch has diverted water from Piney.
Creek, a small tributary of Eagle River, across Tennessee Pass to the
Arkansas River basin. The drainage area of Pincy Creck above the
point of diversion is 3.67 square miles. The water is used in mining

Estimale of present and proposed diversions Jrom the Colorado River basin.
From the Virgin and Green River basins to $he Great Basin,

[All projects in Utah.]

The annual diversion probably does not exceed a few hundred Mon] Strawberry| Daniels | Soldier |New Castle
acre-feet. onth o | aien, | fumimit |roclmation Totwl | Total
SUMMARY OF DIVERSIONS FROM COLORADO RIVER BASIN. ) et | roges, | deresa, | acege | drefen |seomasy
, BRI X y Sect.

The only works diverting wator from the western part of :th larch oosestots I ¢ 0 0 5‘2&‘; 4,400 : zgz
Colorado River basin are in the State of Utah near the headwaters : o B 1,600 i g 13% 218
Virgin, Price, and Duchesne rivers. TFour systems are in operation lgj% L2 5 i 18,80 310

-and one which affects the headwaters of Duchesne River is proposed 21500 | o] x 0 ggg !
but will probably never be constructed. : o SIS 2300 1% 9 »om gi% &

From the headwaters of Grand River and its tributaries four ditches . 7 %30 - 0 7 3, 0
divert annually about 21,000 acre-fect of water to the drainage basing§ 99,000 4,200 1,500 | 25,000 | 120,000 |-..........

of South Platte and Arkansas rivers, and four large systems have been
planned to divert to the eastern slope about 237,000 acre-feet annually,
making a total of 258,000 acre-feet for systems in operation andj

From Grand River basin to South Plattc and Arkansas river basix;s.

[All projects in Colorado. ]

proposed. Most of this water would be diverted during the high. . oglo
water period. When the Grand Valley project of the United States$s Grand Brock- | 1; Wil River |
. - P Month, River | Churchfenridgo| ¥135er | jizms | Blue | and
Reclamation Service is completed the normal flow of Grand Rive dilcra | ditchis| Pass axdver | Tork JLiver | Ton- | Total. | Total
. . P . X g |
during years of low run-off will barely mect tho demands of irrigation e system. Sreole .
. . . - Stel
It is therefore apparent that during such years any appreciable quan
tity of water diverted from the hecadwaters of Grand River to'thofS,... Acre | Aeredt| Acredt.| deresl.| dcrel.| Acrct.| Acre .| Acredt.| See.f,
\ver v Cr 10 U0OShary...................... f
gastern slope will increase the shortage in the supply available 9 0 0 0 0 0 0 0 o
P . . . e e . . L 0
irrigation in the vicinity of Palisade and Grand Junction, Colo. ‘The Lom| 200 10,00 | Lo | 200 90l 0 0
N . . ’ s 3 s 2,000’ y 7
operation of the hydroelectric plant on Grand River above Glenwood 5500 | Lo | 200132000 | 28,000 | 40,000 10,000 s | 1,500
" X (N y . ] 'y ’ 5y000 'y
Springs, owned by the Central Colorado Power Co., may also Bo0| ol o) mom | a0 ko 2,000 230 4
. . . . b Ve d g ,000 1 17,7
affected. The shortage due to such diversions might possibly 100 20 §| ool 3001 6o | s 1wi0| 2%
. > " : , , , 200 | 9, 5
remedied by constructing on the headwaters of the Grand a stor, 0 0 0 0 0 0 ol "% %
reservoir having a capacity of approximately 100,000 acre-feet. Thoj 16,000 | 4,000 | 650 | 80,000 | 46,000 | 90,000 | 21,000 258,000 |........

utilization of the Kremmling reservoir site, the capacity of which'is

¢ In operation,
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Estir;iate of present and proposed diversions from. the Colorado River basin—Cont;

Summary of estimates. : " *

! ' . Total all ditches in}

Month, Ditches in Utah. -~ | Ditches in Colorado. Colorado River basin
- ’ Cos Acre-feet. | Second-ft. Acrc-j;cct. Second-ft. Acre—/‘ec&)
T IANUATY. e e i 5,400 88 0 g 540
February. .. ... . cadoo| 0 0 4,40
. ‘March.......... lg’ % . 2%3 8 5 13000
A 43,500 707 16,800 273 80,300
June.l 18,800 316 | 112,800 L0 | 131,600
Tul - 10,080 164 ) 800 989 70,8580
Aupst, I 4,540 74 26,200 126 0,740
September. ... 3,980 67 17,750 298 21,730
October........ g,g@ .:g 13, % 229 19,300

November..... . : & ),
Docember... ..ol il 3,000 9 0 0 3,000
120,000 |-.oennn.n.. 258,000 |...oeuennn.. 378,000 |......

Nb'n:.—])ischarge in second-feet Ool:lpuwd from estimates of approximate discharge in acre-feet. -
SUMMARY OF IRRIGATION IN THE COLORADO RIVER BASIN.

The available information concerning the irrigated and 1rr1gz.a,bl
arecas in the entire basin of the Colorado are conveniently summarize
in the following tables. The first presents datz} for t}}o areas betyve it
the heads of Green and Grand rivers, to and including the basin o
Virgin River; the second gives similar data for areas lying below th

Between these two sections the Grand Can)_ron §taqu as a natur
barrier. The only lands irrigable by direct diversion in this 616-mil

A m? i
From— irrigate
From in 1913,
L]

- Acres.
Green River and tributariesin Wyoming.....:.....coiiiiiiiiiiiiiiiinnn..,. - 28(5):%
Henry’s Forkin Utah..e. v ieinii it iiiiiaiaaeas %9
SHTT T 0 1)) S PO SN A
[&: 1757 0] ¢ 1) PP P
Pot and GIouse CreeKS....v.cuueenieinetuneaaeeieroneenanenaecaionnnn 2,000
Brush CreeK...ueieiiieiiietieroaeieaescnraseasorcamasosioennenn o
AShley Creek.. ... e iuirto it aaaans prdond
Duchesne River ... ... oot it liiiiiiiiieiiiaeeaaieennnnnns oo
“Minnie Maud CreeK .e..ouoouur e aiaaaeaaaeaaaeaaaearaanancnannnens 2o
Price RIVEr. .. .oooo it ittt iiaia e i ceeeiiaaaannas 35000
San Rafael RIVer..e.uuo ittt citieaeaaa o
Fremont RiVer.......ee ittt iiiaiiieiiaeaeenananaans o
Escalante RIVOT.e. ... iiiiiiiiiiinenee it iataaaaaaaaiaanan X o0
3% 4 101 SO PSS g
KANAD CT00Kaan maaeaecaraeeaeeaceenenanansneeneeeseencnsensenennan o
A1 7:08: 0 130 S o]
B €301 1 24 3 R SO o
‘White River. 303 900
-Grand River. e
San Juan Riv - o
Little Colorado River. .. 4000
Green River direct, in U o

" Colorado River direct....

980, 000

IRRIGATION.

'qted and irrigable lands in lower basin of the Colorado
. mouth of Virgin River,

159

y iﬁcludiny all areas below

From—

Area irri-

Additional .
area that
.may be
irrigated.

porado River direct, as follows:

E Cottonwood Valley above Bulls Head..................

g Mohave Valle{"between Bulls Head and Mellen
Chemehuovis Valley............_... [ Siiiie
Colorado River Indian Reservation, by gravity ... ...
Colorado River Indian Reservation by pumping... .. ..
Galzona Valley.... ..

5 Palo Verde Valloy... . ..

alo Verde Mesa, by pumping.
Chuckwalla Valley, by pumpin

3 Cibola Valley... . .. ... ...

y Yuma project, U. S. Reclamation Serviee, hy Ly -

5 Yuma project, U. 8. Reclumafion Servico, by pumnpin
k- Imporial Valley in the United States.

j Imperial Valley in Moxico.. .. .......... .o

v,Lands east and south of Volcano Take in Moxico. .

¢ Lands east of dry channel Colorado River and west of De
pel Rio tract, in Mexico

£5 :

. 100, 000
. 214, 000

. 83, 900

18,000
65, 000

~ 636,000
200, 000
250, 000.
150,000
297,000

kibutaries:
B Williams River
.Gila River, .,

2,367,000

2,000
150, 000

2,519,000

Total area irrigated in Colorado River basin in 1913:
United States

50, 000
Total additional area that may be irrigated:

United States. ......................acres.. 4, 002, 000
Republic of Mexico. .................do.... 897, 000

. 4,899, 000

Total area ultimately irrigable in Colorado River basin.acres. .

lopmont, about 5,580,000 acres may

Areas irrigated and irrigable from Colorado River and its tributaries.

1, 631,

6, 530, 000

i irrigation in tho Colorado River basin reachoes its extromo de-
| be under irrigation in tho
hited States and 947,000 acres in Moxico.

In tho following tablo the arcas irrigated and irrigablo fr

om Colo-
lo Rivor and tfibutarios are summarized by States:

000

Within tho basin.

Total area
ultimately
irrigable.

Additional
area that
may be
irrigated.

Outside

Area irri- the basin,

gated in
1913.

Approxi-
mate por-
centage.

Acres.
580, 000
857,000

5,000 9,000 |-
297,000 | a 1,068,000

ol (3

1,581,000 | 4,002,000
000

5,726, 000
50, 897,000

947,000

3

1,631,000 | 4,899,000 6,673, 000

LIOCC| OO

a Includes Imperial Valley projects.

g
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. RN
ADEQUACY OF WATER SUPPLY FOR LANDS ON LOWER COLORADO,

The quantity of water that would be required to irrigate properl
- the 2,730,000 acres of land irrigable from the Colorado below Virgir
River, with a head-gate duty of 5 acre-feet, is shown by the followir
table. = Tho probable distribution of water diverted each month of the
year in per cent of the total diversion for the year is based on'th

record of diversions through the Imperial canal during the yeai'sy;lg)];l*
1912, and 1913’ ‘ B

Water necessary to serve irrigable lands below Virgin River.

TR
. Acre-foet | 4, . "7
Month. Tolal demand. per acre. Per cen
Acre-feet. | Second-feel. s
JONUAIY e eeeeiiet it 820, 200 13,300 0.30 L b Ol
February.......cooooviiiiiiiiiiiiiiiiinaa, . 765,520 13,800 .28 = 5,64
March. e e 1,093, 600 17,800 .40 .86,
ADHileee it 1, 148, 280 19,300 .42 8
May 1,257,640 20, 500 .46 9.4
June........... 1,257,640 21,100 .46 R/
July........... 1,558, 380 25,300 .57 il
August...... 1,449,020 23,600 .53 10,
Soplember 1,312,320 22,100 .48 .88
(814701 . 1,257,640 20, 500 .46, 8.1
November. . .coiiiiiii i iiiiiiieiinnanes cea- , 220 15,200 .33 6,48
DOCOmbEr. . .o et ieiniiiiiiiiiieeieieenaas A 847,540 13, 800 31 - 6.9
13,670,000 |............ 5.00 100, 0¢
Yearly Mean......ccuveivneiencenacacannenenaneaficeneennnnns 18,930 {..covivvuen]eerenenas o

It will be noted that with 2,730,000 acres under irrigation below the
mouth of the Virgin, the minimum mean monthly demand of 13,300,
second-feet would occur in January; the maximum mgan monthl
demand—25,300 second-feet—would occur in July. The total ann 1al
demand would be 13,670,000 acre-foct. It has already been showr
that the lower tiibutaries, Gila, Williams, Virgin, Little Colorado;
and Paria rivers, and Kanab Creek will dischargo little if any water
tho Colorado if full use for irrigation is made of the waters of those
strecams within their own basins. The drainage arca of the lows
Colorado outside that tributary to the above-named stroams yield
little run-off, as the mean annual precipitation over this section i
only about 3 inches. It therefore seems probable that water for th
irrigation of the 2,730,000 acres below the mouth of the Virgin mus
ultimately come from the region above tho mouth of Paria River_yg?
*above the Grand Canyon. It is diflicult to estimate the quant.it_.y_i
water that will reach tho Colorado when all lands susceptible of irrj
~ gation in the basin above and including Virgin River aro placed undg
cultivation, but doubtless some seepage water will reach the mai
stream from the irrigated lands. The water available for the irriges
tion of lands on the lower Colorado can not be accurately estimate
for lack of discharge records.

Tho following table shows tho water. that was available during th
veriod 1902 to July, 1914, inclusive, the estimated demand for the

&

4

IRRIGATION.
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irrigation of 2,730,000 acres below Virgin River, with a head-gate duty
f 5 acro-feot, the surplus for the period in which the actual flow was
greater than the irrigation demand, and the shortage for the period
n which the actual flow was less than the irrigation demand. The
upply available was estimated by deducting from the recorded dis-
tharge of the Colorado at Yuma the recorded flow of the Gila and
robably represents fairly the discharge of the Colorado at Hardyville
dunng the period: .

l{ean annual supply of and estimated demand for water to irrigate land in the lower Colo-

rado basin.
i Surplus | Shortage
! for p%r}ol;l for period
: in whic in whic
3 Year. Supply. Demand, |actual flow | actual ﬂ(?w
i was greater| was less
i than than
4 demand. | demand.
"
Acre-feet. Acre-feet. Acre-feet, 2
T 7,959,000 | 13,670,000 | 2, 22‘/ 000 Acre fec.
11,263,000 | 13,670,000 | 3,467 000 | 7 480,000
9,892,000 | 13,670,000 | 1.794 000 | ©:156,000
15,946,000 | 13,670,000 | 6,030,000 | 353,000
17,423,000 | 13,670,000 | 6,898,000 | 4»293,000
20,818,000 | 13,670,000 | 12,315,000 |  2099,000
12,500,000 | 13,670,000 | 2,146,000 | 2295000
25,314,000 | 13,670,000 | 13,420,000 | 2-809,000
14,111,000 | 13,670,000 | 4,847,000 | 1,334,000
17,565,000 | 13,670,000 | 6,085,000 | 4 651,000
18,145,000 | 13,670,000 | 7,766,000 | 299,000
11,697,000 | 13,670,000 | 3,051,000 | 3»670,000
16,307,000 | 13,670,000 | 9,191,000 | % 205,000
203,035,000 | 177,710,000 | 79,235,000 | 43,444,000

1 @ January to July, inclusive.

'It will be noted that during the period covered by the table
*(7)3t,0'35,000 acre-feet passed Hardyville, Ariz.; the demand for water
) rigate 2,730,000 acres during this samo period would have been.
177,710,000 acre-feet. This table apparently indicates that the flow
of the Colorado is sufficient to serve properly the irrigable land below
Jirgin River if the flow of the Colorado is under complete control
gl. XVI, in pocket). The mass curvo (Pl. XVII) shows that theo-
rtically 14,000,000 acre-feet storage would have been required to
eet the demand during the low-water stage covering the period
fuly 1, 1902, to February 1, 1905. This estimate is based on the
sumption that there would be no losses in transportation of stored
¥ater, but it is probable that 20 per cent of the stored water would be
st by evaporation or wasted by improper regulation. The reservoirs
ould bo several hundred miles abovo the lands to bo irrigated, and it

fould be necessary to deliver more water than was actually required
i order to avoid the probability of a shortage. No doubt consider-
wle water would be necessarily wasted during periods of violent
lorms that might affect the Colorado River basin below the storage

21022°—wsp 395—16——11
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Price RAVer. e e eeareceaaaeacaraancanennarararacas 50,000 “

I

i

B reservoirs, as the outlet gates at the reservoirs could not be closed Sl E

| B in sufficient time to prevent the discharge of the lower Colorado from i & B

Hl' ‘greatly exceeding the demand for irrigation. Assuming, therefore, S . © ;
o that 20 per cent would cover all losses in stored water, storage res - ".".

L voirs would be requirod with an aggregate capacity of 18,000,000 : & ﬁm | x

“}l ‘acro-foet. This estimate of storage requirement is based on thodgme = ~ | &

, il , assumption that the entire run-off of Colorado River is to be regulatod S P - H

b for the irrigation of lands below Virgin River and that there will b & ° N\ u 1

o no increase in the irrigated area above Virgin River. To make upf . z e
”l the shortage during tho years of low run-off—1902 to 1905—would a \\\ 3 !'

j have required 18,000,000 acre-feet storage. This may therefore bollE 2 g
N considered the maximum storage requiremont undor most unfavorablo@l & \ > 5
m] conditions. ' ' . o it

! There are reservoir sites on the upper Colorado and its tributaries; : g \ 3 S B

f which, if utilized, would place the Colorado under complete contr : R ¢ " :
‘i”v (p. 218). - o 3 AN &

M EFFECT OF INCREASE IN IRRIGATED AREA ABOVE VIRGIN RIVER S o CAW s : 4 O

ON THE FLOW OF THE LOWER COLORADO. - T %&%D \gt, g : 1
m ' The table on pago 158 shows that approximately 980,000 acres we : 8 K%’,c \\, § % : 1

H irrigated in the Colorado River basin above and including the Virg 2 %, "\& i

g _ in 1913, and that an additional area, roughly estimated at 2,380,0 F g X ‘\D &

‘ H, acres, is susceptiblo of irrigation. During the year 1913, with 930,000 © %‘N\ \ «

i acres irrigated above the Virgin, 11,788,000 acre-fect of water passod S ., SRV, 8 .

i the gaging station on the Colorado at Yuma, Ariz. .~ Of this amount3l. ¢ S N\ 3
b _ 1,693,000 acre-feet was diverted to the Imperial Valley, leaving, N AWML 3 i
ml ' 10,095,000 acre-feet as the amount of water that wasted into the Gulff 2 > B 7’% \\_ A\ 5 K1

k of California. If additional areas aggregating 2,380,000 acres an : 3fg B L\l h\ 5 ik
< I‘i" _ placed under irrigation above and including the Virgin, the dischargs 8 TR R 5 :

? ”l‘ of the lower Colorado will be materially reduced, but the estimati fra g; \ \ 2

1 of the amount of the reduction presents a problem containing so m; - 8 seed éE 30 o ar

{ factors that no two engineers working independently would be likely S - g 3¢ ;g N1 s .
i to arrive at the same result. It should be remembered that thollll 9 5z Ei £% R 2 i
: H i following discussion represents the opinion of but one engineer. . LR \Y‘\\ w

1 The situation of the additional areas that may be irrigated is shoyniillt 3 S$eES g ‘ 5 i
: i . L ®© m;é’;;g X e \ o 1
il . by the following table: : 2383738 \\\ o i3

i [ TR ! Z i
1 ” ': Irrigable areas in basin of the Colorado above and including Virgin River. g P lw o "\\ = :

g ! From— ) | Acres. ° e w \\‘ .
s Green River and tributaries in Wyoming................ 300,000 - c 3 5 55 3 \

fH ‘.3 Henrys Férk in Utah..c.ooveieiannnaiieenaieiaaees 10,000 '8 \\\

4 Pot and Grouse creeks. . .. coeeeoeeceearaecacauerenennn 100 0 \ i
BrUSh Oreek. ....vveeeennnesnnnesnnemenemanaamnnenens 4,000 . ® _ . ;
it ASBIEY CrEEK. ... eeneeneeneeenannaennnnnnnenenaeas 15, 000 5 s B

s ” ! DUChESne RAVET. - oo e e aeeaeaaeeaaae e eaaaaennas 180,000 . . 8 & S 3 s 3 2 & e 2 = °

AL 329}-8J08 0 SUOI|[IN ‘ H
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i From— - Acres,
SanRafa,elRiver...............................: ...... 30, 000
L Fremont River.................._.[0 40, 000
A Bscalante River................__.[[ T 12, 000
i) Paria River............. . /777 10, 000 |
738 Kanab Creek. ... 1, 500 |
% Virgin River............ ... 48, 000
e Yampa River................. e 260, 000
7 White River................. ... 150, 000
2 Grand River....... R 475, 000
3 San Juan River................. ... 595, 000
i Little Colorado River....................... 77 30,000
E Green River direct in Utah.............__.. 7" - 170,000
2, 380, 600

- The additional areas that may be irrigated noar the headwaters of
;}the various tributarics in Utah, Wyoming, and Colorado consist,
¢hiefly of hay lands. The irrigation season is short and large quanti-
lies of water are used. In many places 10 to 20 acro-feet, of water per
acro irrigated is turned onto the land, but only a comparatively small
smount of water—possibly not more than half an acre-foot per acre
Imigated —is actually consumed or lost to the main stream, as a largo
part of the amount diverted returns to the stream as surface flow or
wepage. For tho cultivation of the large areas of irrigable lands
lower down on the various tributarics the average diversion from the
main stream or head-gate duty is about 3.5 acre-fect. The diagram
(fig. 3) shows the head-gate duty or diversion in acre-feet per acre
irigated near Grand dJunction, Colo., to be 4.16 acre-feet. This dia-
ram was based on a, study of the diversions made for the irrigation
of 43,000 acres during a dry year with an abundance of water avail-
ible.
E;,Though the head-gate duty for the additional lands that may be
imigated in Utah, Wyoming, and Colorado may not vary greatly, the
quantity of water consumed by the growing crops and the quantity
that will return to tho stream and finally reach the Colorado depends
n the quantity diverted, and on the character of the crops and soil.
0 some of the streams little of the water diverted for the irrigation
of new lands on the upper stretches will be roturned to the stream
nd be available for rediversion lower down. Physical conditions in
® upper basin of the Colorado favor a comparatively high return
ow from the irrigated areas in this part of the basin, Green, Yampa,
White, Grand, San Juan, Price, San Rafael, Fremont, and Escalante
ivers occupy deep box canyons for many miles of the lower sections
f.their drainage arcas. For example, none of the water that reaches
e Green below the mouth of the San Rafael, the Grand below West-
ater, Colo., the San Juan below Shiprock, N. Mex., can be redi-
ed for irrigation above the mouth of the Virgin, for it finds its way

- PSS, oA
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Colorado, where diversion is not possible.

“rivers in Colorado and Wyommg In the 800 miles of canyons of the) lacrc—foot storage per acre to be irrigated, that is, that storage reser-
iv ]
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io the Grand Canyon of tho . For some of the new projects under consideration in the upper

through the canyons of tho ributaries fo- the y Colorado basin 2 acre-fect storage per acre to be irrigated will be
An interesting comparison may bo drawn between the streams of kequired; for others perhaps less than 1 acre-foot per acre irrigated
the upper Colorado basin and Arkansas and North and South Platte may suffice. It scems reasonable to assume necessity for at least

lowor Green and Grand rivers and the upper Colorado in southem oirs will be constructed with an aggrogate capacity of 2,380,000
Utah and northern Arizona water can never be diverted for irrigatio wre-feet. Secpage water from these reservoirs would no doubf, find
whereas diversion of the waters of the Arkansas, for examploe, is pos-3 its way to the main streams and be available for irrigation below.
sible at many places between Canon City and the Colorado-Kunsas Loss due EO evaporation Sh(l)llﬂd however, be considered. With a
State line. "During years of average run-off almost the entire flow isggsrsc number of TGSGI'VOH‘S;. aving an aggregate capacity of about
diverted at several points below Canon City, and the return seepav %,380,000 acre-feet, approximately 75,000 acres of water surface

: Id be exposed to evaporation. TFor a conscrvative estimate it
ted for irrigation lower down on t rou P
from tho imigated lands is rodiverte 8 has been assumed that 50,000 acres of water surface would be ex-

JAN. FEB. MAR. APR. MAY JUNE JULY AUG SEPT. OCT.  NOV. Wl osed six months cach year and that the evaporation during this

° A7 7 period would be at least 2 feet; on this assumption the loss due to
12— ' 7 =ah gvaporation alone would bo 100 000 acre-feet.

" | . - § It is well known that all the irrigable lands under any canal system

% A 7 | Siliro not ilrigatcd cach year. Ior examp]o onc water user may have

o 7 7 his entire farm in crops one year but in the followmg year may culti-

©
N
N

Taté not more than half his farm. For various reasons somo of tho
arms may be idle. It has been assumed that on an average about
10 per cent of the irrigable lands under the various canal systems
would be irrigated cach year—that is, that about 1,666,000 acres of
addltxonal land would actually be irrigated in the region above and
mcludlng the basin of the Virgin cach year. The average head-
gate duty for this net arca to be irrigated would be about 3.5 acre-
feet, which would mean that 5,831,000 acre-fect would be diverted
during the irrigation scason, or between May 1 and October 1, each
year. Concerning the quantity of water actually consumed and lost
fo the main stream and the quantity returning to the main stream as
geepago and surface waste from the irrigated lands little information
is availablo, but tho results of somo investigations indicatc that
sbout 25 per cont of the water diverted may return to the stream.
stream. Irrigation in the Arkansas basin in Colorado is so hlgl}l From 5,832,000 acre-feet diverted, therefore, approximately 1, 457,000
developed that little water passes the Colorado-Kansas State’ lingillacre-feot may be returned to the Colorado and its tmbutanes and
except during periods of sudden floods. Conditions on the Norilillbecome available for irrigation on the lower Colorado. Under these .
Platte and the South Platte in Wyoming and Colorado are similar con(htlons of development above the Virgin the total loss to the flow
those on the Arkansas in Colorado.’ Ml of the lower Colorado would be about 4 ,374,000 acre-feet.

On the assumptlon that 2,380,000 acres are to be placed under cul
vation in the rogion above and including Virgin River, a large part.o SUMMARY.
the water for these lands would be provided by utilizing small
voirs. The demand on the water supply of the lower Colorado wou
extend over the entire year, though most of the water Would |
stored during the flood period or in May, June, and July. Probabl )
at least 6,000,000 acre-feet would be diverted between May: 13 '
October 1 each year.

&\\

N

Second —feet
~

w
N

>
N\

N

A ; 7
° 7~ //////_

F1GURE 3.—Diagram showing head-gate diversion for irrigation of 1,000 acres near Grand J unctio

An attempt has been made to estimate the quantity of water that
3vill be consumed by the future developments but the results should
o considered only roughly approximate. The losses to the flow of




. ' :
i;‘ 1 166 COLORADO RIVER AND ITS UTILIZATION. C ; IRRIGATION.
|

tho lower Colorado, due to future dovelopment above Hardyville, from all the reservoirs would probably amount to 3.5 feet in depth,

may be classified as follows: and tho total annual loss due to evaporation would be about 822,000

l
}.l i . 1: Losses due to diversion for irrigation within the Colorado River ?,cre-feet. This estimate should be increased to 1,000,000 acre-feet
I _basin. - ' . _ ' . .. i order to include the losses due to cvaporation from the water sur-
i 2. Losses due to diversions from the Colorado River basin to other face of the hundreds of small reservoirs that will be utilized in con-|
11:| drainage basins. e ction with futuroe irrigation systems. !
.*‘ - 3. Losses due to evaporation from the water surfaco of resqrvoirs On summarizing the data relative to the future reduction in 13119|
i ~ used for irrigation and river control. - /{4 flow of the lower Colorado, we have:
! - To estimate approximately the loss to the flow of the lower Colorado, % oot
i | 8~ duo to diversionsfor irrigation of additional areas within the Colorado Estimated loss due to possible future irrigation above Hardy- e

. River basin above Hardyville, tho following assumptions have been OSSR AR 4,374,000

o made: (1) That the area watered each year is 70 per cont of the area Es;{gi;egla:;;ss due to future diversions from the Colorado

H | irrigable under the various systems; (2) that tho head-gate duty fo Estimated loss duo to evaporation from the water surface of

'y the net area irrigated,each year is 3.5 acro-feot; (3) that 25 per ce various reservoirs that may be constructed in connection
Lo of tho water diverted will roturn to the streams as seepage from th with future irrigation and for the purpose of river control... 1,000,000
i ; l ' irrigated lands. The additional area that may be irrigated in th 5 714. 000

i . . AR LY TS . , 714,
iH; ’ Colorado River basin above and including Virgin River is estimate . .
e ® Tf the mean flow at Hardyville for the years 1902 to 1913, inclusive,

at 2,380,000 acros. If 70 per cent of this area is irrigated each ye m
08U, P S b fostimated at 15,560,000 acre-feet, represents the average flow that

might bo expocted at Hardyville in futuro years without future devel-
bo divorted annually. If 25 por cont of this wator roturns to ih fopment abovo Hurdyxilllo, it mny.bo assumed that tho full utilization
1 stream and is availablo for irrigation below, the net loss to the flo the Colorado la;;d 1ts tﬁbuSam.es above Hardyville would reduce
H ' of the upper Colorado and its tributaries, due to diversions for irri 10 moan annual flow at Hardy ville (or belo.w 'the Virgin) to about
1 Gation, would bo 4,374,000 acro-foct. ‘ 9,900,000 acro—‘fc.ot. It is estimated that the irrigable area below the
] i Diversions from the Colorado River basin to other drainage basins FVirgin, aggregating 2,730,000 acres, will need for complete develop-
; ‘ ment 13,670,000 acre-fect of water annually.

Y will also reduco the supply availablo for use on the lower Colorado. e .
M Prosent diversions are small, but tho future loss to the lower Colorad i Tho figur o here presented thcrcfore.lndlcatc that complete utiliza-
| " from this cause is roughly estimated at 340,000 acre-feot annually..; tif n and control of the stroam waters in. tho upper basin will creato a
- The loss due to evaporation from the reservoirs that might b i ortage (.)f about 3,800,000 acre-feet in the supply . av.allable for the
M‘ constructed in the Colorado River basin above Hardyville is difficul bwer basin. More completo d&.t a would pro}) a,.bly ! ndicate a greater
‘ to prodict. Though a fairly accurato os timato might be prepared ortagein the water.supply available for the irrigation of lands on the
i tho annual loss by evaporation from the water surfaco of the large; wer .COIOMdO' ‘_Ewdcl}tly the flow Of. C(.)lorado River and its tribu-
QI tarics is 1ot sufficient to irrigate all the irrigable lands lying within the

fbosin.  If diversion to other drainage basins were prohibited by law
fabout 340,000 acre-fect annually might be saved for use on the lower
Colorado, but this quantity is small when compared to the shortage

i sufliciont water must be diverted annually to irrigate 1,666,000 acres
”l If the averago head-gate duty is 3.5 acro-feot, 5,832,000 acro-feet-wil

|

!

i

|

i” - rosorvoirs that may bo used in connection with the control of th

’ Colorado, the number of small reservoir sites that will bo utilized i

Il connection with future irrigation developments can not be forecas
_Ten of the largor reservoir sites in the basin above Leo Ferry affor

” i an aggregate capacity of 30,800,000 acre-feet (seo p. 218); with rese

voirs full tho total area exposed to evaporation would bo approx

mately 313,000 acres. If the Colorado is complotely controlled f

! H “ irrigation it wi11. be necessary to construct some storago dams for t ' ACCURACY OF ESTIMATES.

* I purpose of holding the stored water for perhaps two or threo years Tho f . . . T .

| | N samont tho flow during sorics of years of low run-off. It sea le igures in _tho foregoing discussion indicate the available water

% l‘ | rousonablo to baliove, thereforo, that 75 per cont of tho agarogato ar o ply a.}l)ld 1-(;?1.111‘ements for storage under the most favorable con-

‘ I it exposed to evaporation with the reservoirs full would be expos jitions, bub thoir accumcy_depends on many factors that may tend
reduce the estimate of discharge of the lower Colorado, so that an

throughout the year. The averago annual loss due to evaporation
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area below Virgin River much less than 2,730,000 acres would be
irrigated, and a storage capacity of less than 18,000,000 acre-fect cason that the use of the water of the
would be necessary. Among the factors affecting the problem.the the present time than it was in 1902,
following may be mentioned: ‘ T

" 1. The discharge of the Colorado at Yuma, Ariz., has been com-
puted from records obtained at that point by the United States
Reclamation Service and the United States Geological Survey. The
- gaging station at Yuma is a short distance below the mouth of Gila fow of
River. The water available for the irrigation of lands below thg Bconditions in all respects similar.
mouth of: Virgin River was roughly estimated by deducting the
measured flow of the Gila from the measured flow at Yuma. N ;
other correction was made in these records, although water for the and Paria rivers.
reclamation of about 53,000 acres was diverted from the Coloradoe fthe Colorado at I1I
between Virgin River and the Yuma gaging station in 1913, that is,
the discharge estimated by deducting the flow of the Gila from that
the Colorado at Yuma would be somewhat less than the actual fl
below the mouth of the Virgin or at Hardyville, Ariz. Probably abo

150,000 acre-feet of water was lost to the Colorado by diversion during Silhis contingency the estimate of the flow of the Colorado af Hardy-

1913 between Hardyville and Yuma, Ariz. Furthermore, the Co ¥ille must be reducc.d by 300,000 to 500,000 acre-feet annually.

rado loses some water by evaporation in the 244 miles between Hard g 4. Tho water available for irrigable lands below the Virgin may
~ villeand Yuma. - If the average widthof theriveris assumed tobeabou nally be derived almost entirely from the run-off of that part of

1,000 feet and the annual evaporation 7 feet the loss from evaporqtfj S Colorado River basin above the mouth of Paria River or above

in this section would be 218,000 acre-feet. The water surface exposed e Grand Canyon (p. 160).

to evaporation is no doubt greatly increased during years of:higly
run-off, when 100,000 to 200,000 acres on the section of the Colo | . .
between Hardyville and Yuma may be inundated. Though the i water from this basin to other drainage basins.
charge estimated by deducting the flow of the Gila from t:hat, 0
Colorado below Yuma is apparently less than the actual dlscl.mr
the Colorado at Hardyville, Ariz., the small error introduced is pro
“ably counterbalanced by the fact that a head-gate duty of
feot has been applied to the discharge records at Hardyville, ; o v )
reality the head-gate duty should be applied at the respectiv 'iﬁgc{;{l}‘;(‘j riit‘f;egrteer;angar ’Hny ‘8’ 1%07Q feet above sea level, the
headings after deducting from the actual flow at Hardyville the lof 3 Y 0 the Gull of California is 1,487 miles, and the
due to evaporation below Hardyville. Therefore the use of : the.dig
charge record thus obtained to determine tho water available : , S1he . .
irrigation of lands on the lower Colorado seems consistent.” (;I;w%en 1 and 12 foot p;:r mile; 1 a 10-mile scotior
. 2. Since 1902 the areas irrigated in the Colorado basin.’aboys proy be as much as 15 feet per mile. The greatest fall per milo is
Yuma have been largely increased. In other words, if e;mct} ha
imati ditions that determined the flow of the Colorad g ) - 7,31 :
Zs:rni(xal gclglr;atil;- ;:;_;g;fd blcgilming with tho yoar 1902 wero Topg ‘at 1ts mouth 3,880 fcet, the Intervening distance being 356 miles
f 12-year period beginning with the year 1915, th - g
. gﬁiﬁgiﬁ: late);'epexl‘;o d Woulg bo lgss than th}:mt during, the. oa jres offer the best inducements for tho development of head for
For example, if the climatic conditions that produced tile;:‘run'
' feet at Hardyville, Ariz., in 1902 should. U ; :
Zﬁi?l’(z;)l?riﬁ?ihzewi:ter of 1)974—1’5 the r’un-oﬂ" at Hardyville QR coms to dovelop head for power unfeasible, However, an cnor-
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915 would be considerably less than 7,959,000 acre-feet, for the

Colorado is greater at

‘ The correction that should
e applied to the Yuma records beginning with the year 1902 can

ob bfa determined from available information concerning the increase
g 1rrigated arcas during this period. It should be noted, however !
Bihat these records can not be considered to represent properly the;
glow of the Colorado at Yuma during future years under climatic

k3 Ultimately little water may be contributed to the

;' tin wa > Colorado b
EGila, Williams, and Virgin rivers, Kanab Creck, and Little ColoradO):

The records used in estimating the discharge of
the ardyville include the run-off from all these tribu-
paries except the Gila.  The mean annual run-off from the other five
fanges from about 350,000 to 750,000 acre-fect.

Bf this water may eventually be used for irrigation
gles and may thus be lost to the Colorado.

The greater part
on theso tributa-
If allowance is made for

5. The quantity of ‘water available for the irrigation of lands in the
sin. of Colorado River will probably be reduced by the diversion

WATER POWER.
GENERAL CONDITIONS.

tions in the Colorado River basin are not in
the development of cheap water power. From

The physical condi
neral favorable for

erage fall is thcrqfore 4.08 feet per mile. In this distance there
jo about 1,000 rapids but no sheer drops. In the valleys the fall

1 of the canyon

L Ladore, Cataract, Marble, and Grand canyons.
At Kremmling, Colo., Grand River is 7,312 feet above sca level

d the average fall 9.64 feet per mile. Grand River and its tribu-

; .;' er by diversion. The low fall and other unfavorablo conditions
jithe Green and Colorado would render the diversion of these

s amount of power can be developed on these rivers by con-
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structing high dams. An approximate profile of Green, Grand, and
Colorado rivers is shown on Plate XVIII. e
It is estimated that more than 2,000,000 horsepower may be
developed without interfering with the use of the water for 1rr1gat10n F
There are about 25 hydroelectric plants in the Colorado River basm,i
many of which develop but a few hundred horsepower. In addition,;
there are 8 or more small plants where power for milling and forg
pumping water for irrigation is used direct from the wheel shaft. ‘&
The location of the power plants is indicated on the map of the
Colorado River basin (P1. XIII, in pocket) by dots; undeveloped sites?
are indicated on the map by arrowheads. Dots and arrowheads are;
numbered to correspond to the numbers used in the following descnp—t
tions of the more important plants and sites.
The foundation for dams or cost of development of the unutxhzedm
power sites has as a rule not been investigated. Consideration of;

‘market for power has also been omitted, as that market will chango

greatly with increase of population, construction of industrial plants, 1

and use of hydroelectric power for operation of trunk line mllroad&

DEVELOPED WATER POWERS.

Shoshone plant (6).—The Shoshone power plant is on Grand RIVGI‘;
10 miles above Glenwood Springs in Garfield County, Colo. A low;

- diversion dam has been constructed across Grand River, from which’

the water is carried to the forebay of the plant through a concrote
lined tunnel 24 miles long with a carrylng capacity of 1,250 seconc
feet. The operating head at the plant is 175 fect. The installation
consists of two turbines, two generators, and auxiliary machmery
LEach turbine is 54 inches in diameter and is rated at 9,000 horsepower
at 400 revolutions per minute. The operation of the wheels is cox;,
trolled by automatic governors. Each wheel is direct-connected Wlth
a General Electric genemtor of the 3-phase 60-cycle type. The rate
capacity of cach generator is 5,000 kilowatts. The current is gener
ated at 4,000 volts. The power is transmitted 180 miles to Denv
and intermediate points, the line voltage being 100,000.
Castle Creek plant (8).*—The Castle Creek plant owned by th
Roarmg Fork Electric Light & Power Co., is in Pitkin County, Colo.
in T. 10 8., R. 8¢ W, sixth principal meridian. The water is takei
from Maroon, Castle, and Hunter creeks, tributaries of Roaring T I‘or
which flows into Grand River. An operating head of 356 feetc«
obtained by carrying the water of Maroon Creck through 4,000 fee'
of 30-inch pipe; the water of Castle Creek, carried to the power ho ‘ 59
by a 4,000-foot 24-inch pipe line, gives a head of 340 feet; and. th,
water of Hunter Creek, carried to the power house through 2 miles’
14-inch pipe, gives a head of 876 feect. In addition to auxxh‘_;

N

1 Colorado State Engineer Sixteenth Bienn. Rept., p. 123, 1913, .
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‘machinery, the installation consists of seven wheels with a rated
apacity of 2,900 horsepower at 300 revolutions per minute, as fol-
ows: Four 57-inch Pelton wheels, each furnishing 250 horsepower;
ne 84-inch Doble wheel, giving 500 horsepower; and two 60-inch
Doble wheels cach giving 700 horsepower. There are six generatoys,
four of 200 kilowatt capacity and two of 400 kilowatt capacity,
perating at 600 volts.
“ The plant contains five automatic governors, three of the Lombard
and two of the Replogle type. The power is used for mlnmg and
milling and for lighting the town of Aspen.
+ Orystal Riwver plant (10).—The Crystal River plant, on Crystal
:‘Rlvcr, a tributary of Roaring Fork, in Gunnison County, Colo., s the
s property of Colorado Yule Marble Co Three double-runner De Remer
wheels arc used. Wheel No. 1is 48 inches in diameter, runs at 348 revo-
utions per minute, and is rated at 550 horsepower with two nozzles.
t is belted to two General Electric 3-phase 200-kilowatt generators,
perating at 2,300 volts. Each of the other wheels is 36 inches in
diameter, runs at 360 revolutions per minute, is rated at 600 horsc-
~power with four nozzles, and is direct-connected to a General Electric
:3-phase 540-kilowatt generator operating at 2,300 volts. Wheels Nos.
2and 3 arc controlled by long-bar automatic governors. The operating
head is 390 feet. No storage is provided. The power is used in the
. quarry and mill of the Colorado Yule Marble Co. and for lighting the
own of Marble. The water supply is insufficient in winter months
and a 2,250-horsepower auxiliary steam plant has becn installed.
Ames plant (16).—The Ames plant is owned in fee by the Western
Colorado Power Co. and that company’s issued stock is owned by
he Utah Power & Light Co. The plant is on San Miguel River in
£sec. 32, T. 42 N, R. 9 W., New Mexico p11n01pal meridian, in San
& Miguel County, Colo Tho water supply is derived from Howards
EFork and Lake Fork, tributaries of San Miguel River. The waters
of Lake Fork are cm’ried to the plant by a 40-inch by 38-inch timber
Eflume, 12,550 feet long. The penstock is of stecl, is 2,620 feet long,
fand varics in diameter from 30 to 24 inches. The static head ob-
talned by the Lake Fork diversion is 915 feet and the effective head
fis 835 feet. The water of Howards Fork is carried to the plant
Bby a timber flume, 27 inches by 27 inches, and 4,800 fect long.
EThe penstock is of steel, is 2,000 feet long, and varies in diameter
firomn 28 to 16 inches. The static head obtained by the Howards
Fork diversion is 624 feet and the effective head is 580 feet.

- At the power house are two water wheels, one generator, gov-
ernors, and auxiliary machinery. The wheels arc of the lmpulse
typo ma,nufacturod by the Pelton Water Wheel Co.  Wheel No. 1 is
84 inches in diameter and is rated at 1,200 horsepower at 225 revo-

1 Jdem, p. 124,
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lutions per minute; wheel No. 2 is 120 inches in diameter and is
rated at 5,000 horsepower at 225 revolutions per minute. Both;
wheels are direct-connected to one General Electric generator of the:
3-phase type, rated at 3,600 kilowatts. The current is generated at:
11,000 volts, and the plant is operated in parallel with the Ilium plan
- Ilium plant (17).—The Ilium plant is owned in fee by the Wester
Colorado Power Co., whose issued securities are owned by the Utah:
Power & Light Co. The plant is on the South, Fork of San Miguel:
River in sec. 6, T. 42 N., R. 9 W., New Mexico principal meridian,’
in San Miguel County, Colo. The water used at this plant is diverted:
direct from tho tailrace of the Ames plant, and then through 5 miles.
of timber flume. The penstock is of steel, 32 inches and 28 inches i
diameter and 700 feet long. The static head is 499 feet and the,
effective head 490 feet. The installation at the power house consists:
of two water wheels, one generator, and auxiliary machinery. +The’
water wheels are of the impulse type manufactured by the Pelton
Water Wheel Co. Each wheel is 72 inches in diameter and rated
at 800 horsepower at 200 revolutions per minute. The water wheels: 8
are direct-connected to a General Electric generator of the 3-phase
type, rated at 1,200 kilowatts, operating at 1,000 volts.. The voltage
is stepped up to 11,000 and the plant is operated in parallel with the
Ames plant. : ' '
Tacoma plant (18).—The Tacoma plant is owned in fee by the
Western Colorado Power Co., and the issued stock of that company:
is owned by the Utah Power & Light Co. The plant is on Animas
River in sec. 31, T. 38 N., R. 8 W., New Mexico principal meridian,
in La Plata County, Colo. The water is obtained from Cascade
reservoir, which is fed by Cascade and Elbert creeks. The flow into
the reservoir is controlled by a system of diverting dams, {lumes,
and canals. The water is carried to the plant by a timber flume,
56 by 38 inches and 9,000 feet long, and a stecl penstock 2,550 feet
long, varying in diameter from 44 to 34 inches. The static head is
988 feet and the effective head 963 feet. The installation at.the/§
power house consists of two water wheels, two generators, and
auxiliary machinery. The water wheels are of the impulse type
manufactured by the Pelton Water Wheel Co. Each wheel is-84
inches in diameter, is rated at 3,350 horsepower at 300 revolutions @
per minute, and is direct-connected to a General Electric generatorig
of the 3-phase type, rated at 2,250 kilowatts. The current is gen
erated at 4,000 volts. The power is used for mining, milling, an
lighting. ' .
Roosevelt plant (21).—The Roosevelt plant, which is on Salt Rive
at Roosevelt dam, in Maricopa County, Ariz., was built by the United
States Reclamation Service. To provide power for use in the construc-
tion of tho Roosevelt dam and to make possible the development o

g
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ower with the reservoir empty, a canal was constructed above the
owage line of the reservoir to carry the water of Salt River to the
ower house. This system consists of a diversion dam on Salt River,
$19.33 miles of open canal, 9,535 feet of tunnel, and 3,000 feet of pres-
‘suro pipe. Tho operating head is 226 feet. In connection with thist

Pdevelopment three water wheels and three generators were installed. |

“The wheels are of the turbine type manufactured by S. Morgan Smith

;& Co. Lach is 30 inches in diameter and is rated at 1,680 horsepower.
- Tho generators aroe of the General Electric 3-phase 25-cycle type, rated
/st 1,060 kilowatts. In addition to the machinery mentioned above,
‘throo water wheels and threc generators have been installed. The
i{_head for theso additional units is obtained from the dam itself and
L varies from 80 feet to 226 feet, the variation depending on the elevation
Fof the water surfaco in the reservoir. Of the three additional water
Fwhoels two are 30} inches in diameter and are rated at 1,800 horse
?powcr oach; ono is 53 inches in diameter and is rated at 6,000 horse-
‘power for a head of 160 feot, although the maximum capacity of the
.wheel at a head of 226 foet is about 7,000 horsepower. Two of the

dditional generators arc of the General Electric 3-phase 25-cycle type,
ated at 1,060 kilowatts cach, and a third is rated at 5,000 kilowatts.

:The total installed wheel capacity is 15,640 horsepower, and the rated
"capacity of tho six generators is 10,300 kilawatts. The current is gen-
“erated at 2,200 volts. o

~ South Consolidated plant (22).—The South Consolidated plant is

‘on tho South canal of tho Salt River project of tho United States
& Reclamation Service, in sec. 22, T. 2 N., R. 6 E., in Maricopa County,
@ Ariz. The operating head is 29 feet. The installation consists of
'two water wheels and two generators, with automatic governors and
auxiliary machinery. The water wheels are of the turbine typo
%manufacturcd by S. Morgan Smith & Co. ITach wheel is 48 inches
‘in diameter and is rated at 1,400 horsepower. The generators aro of
i tho General Electric 3-phase 25-cycle type, rated at 1,000 kilowatts

ach.
Crosscui plant (23).—The Crosscut plant is on the Crosscut canal

ton the Salt River project, United States Reclamation Servico, in sec.
"9, T. 1 N., R. 4 E., in Maricopa County, Ariz. The operating head is
116 fect. The installation consists of six water wheels, six generators,
fand auxiliary machinery. The water wheels are of the impulse type
'manufacturcd by the Pelton Water Wheel Co. Each wheel is rated
Fat 1,000 horsepower. The generators are of the Westinghouse 3-phase
25-cycle type, rated at 875 kilowatts each. The current is generated
Fat 11,000 volts.

i Arizona Falls plant (24).—The Arizona Falls plant is on the Arizona
ccanal of tho Salt River project, United States Reclamation Service,

in sec. 28, T. 2 N,, R. 4 E., in Maricopa County, Ariz. The installa-
ion consists of two water wheels and two generators, with auxiliary
L)
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Hydroelectric plants in Colorado River busin—Continued.
by S. Morgan Smith & Co. Each wheel is rated at 725 horsepowg
The generators are of the General Electric 3-phase 25-cycle:

Colorado River basin below Grand River.

each rated at 525 kilowatts. The current is generated at :11 Location. O, Tnstalled
volts. 3} Index head. | PG
Childs plant (25 ).—The Childs plant is on Fossil Creek, a tnbu ) ame of plant. | "No. |
of Verde River, in Yavapm County, Ariz., and is owned by the Arizon Stream. . County. State. | Fect. | JCil% ﬁ%i‘;’.
Power Co. The water is carried from IF oss1l Creck to the power ho
by means of a flume, pressure pipe, and tunnels. The capaclty of thig8rcoma. ........... 18 | Animas River.....| La Plata.......... 963 | 4,500 | 6,700
system is about 47 second-feet. The effective head is 1,060 foot i iie Tvor. 1o % | N ok o | Navajorooness:2:| Ketao A %
The installation consists of three water wheels and three generato‘ 21 15,640
.with auxiliary machinery. The water wheels arc of the impulse typgilicoscut. ... 2 G 8,000
manufactured by the Abner Doble Co. Each wheel is 70 inch il 38| Fesen 3:9.32?.‘ ..... 5,000
diameter and is rated at 3,000 horsepower at 400 revolutions p

minute. The generators are of the General Electric 3-phase 60-cyel ® Head varies {rom 80 bo 220 feet

type, rated at 1,800 kilowatts each, at a speed of 400 revolutions p
minute. The current is generated at 2,300 volts. This plant has,
auxiliary steam plant of 240 kilowatts capacity. :

Summary of developed powers.—In addition to the 11 plants described;
above 14 hydroelectric plants are in operation in the Colorado Rive
basin., A list of such plants is given in tho following tablo:

UNDEVELOPED POWER SITES.!
GREEN RIVER BASIN.

Flaming Gorge reservoir power site (I).—The Flaming Gorge power
mto is at the dam site for the Flaming Gorge rescrvoir, in north-
‘eastern Utah (pp. 199-201). The elevation of the low—water level of
‘Green River at the dam site in Horseshoe Canyon is 5,825 feet. By
constructlng adam to elevation 6,050 for storing to elcvatlon 6,040 feet,
the reservoir capacity would be 3,130,000 acre-feet. The storage

Hydroclectric plants in Colorado River basin.

Green River basin.

Location. 8{,’,‘2‘; capamty between the 6,000 and 6, 040-foot contour would be'1,210,000

Name of plant, | 1dex head. ?mrc-fcet or sufficient to cqualize the flow of the river at this point

' Nos Stream. Conty. | State. | Toot, | Kilo- fand insure a minimum flow of 2,700 second-feet. By constructing

a 3-mile tunnecl at elevation 6,000 feet an effective head of about 290

Ashley Creek....... 1] Ashley Creek...... 250 feet could be obtained. Wlth a head of 290 feet and a flow of 2,700
Sotiomwood 12| 3 | Cottonwood Greak. ) second-feet 71,000 brake horsepower? could be developed.

© Swallow Canyon power site (2).—Swallow Canyon is near the

Grand River bosin. upper end of Browns Park, in northeastern Utah. This canyon is

Spruce Creele-ssre=:| 3 | Shmcoresk.-- Bl fabout, 2 miles lpr}g. At its upper end, .'m sec. 31, T. 2 N, R.25 E,

Shoshone. . ... 6 | Grand River.. 175 | 10,000 Salt Lake meridian, an outcrop of solid rock extending across the

Glenwood Springs.. 7 | No Name Creek. 460 248 g
Castlo Creels . 35 400 ‘channel of Green River indicates that it would be practicable to

Maroon Creek .
Castle Creek.......
Hunter Creek.....

‘construct a high dam. The water level could be raised about 150

Yule Creek......... 9 | Yule Creek....... -
10 | Crystal River...... feet without interfering with the development of the Flaming Gorge
12 iz;fll{: %rgf}l{( """" sme. By utilizing the Flaming Gorge reservoir site a uniform flow

enson Creek. ... .
Uncompahgre

River. )
16 Howards Fork....| San Miguel........
Lake Fork........ RPRN: U, ISP .
17 | South Fork San |.....d0....c.cceee... ..
Miguel.

@ Figures indicate position of plant on P1. XIII (in pocket).
b Figures represent rated capacity of generators.

¢ Figures represent rated capacity of water wheels.

d Two plants.

of 2,700 sccond-feot could be maintained, which, with a head of
(150 feot, would make possible the development of 36,800 brake

 horsepower.

The position of the power sites is shown by the arrowheads on the map (Pl. XIII, in pocket). The
mber of the arrowhead corresponds to the number used in the text.

*In this report brake horsepower represents horsepower on the water-wheel shaft, calculated on the
asis of @ water-wheel efliciency of 80 per cent.
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Cross Mountain Canyon power site (3).—The Cross Mountain.

Canyon site is on Yampa River a few miles above Little Snake;
River in Moffat County, Colo. The canyon is about 4 miles long,
and by constructing a pipe line 8 miles long a head of 165 feet could;
be obtained; with a pipe line and canal 7§ miles long a head of 224
feet would be available. Twenty-cight miles above Cross Mountain
is the Juniper Mountain reservoir site, where a dam 165 feet high
would give a storage capacity of 600,000 acre-feet. The average:
annual flow of Yampa River at Cross Mountain Canyon is about;
1,100,000 acre-feet. By storing 600,000 acre-feot at the Juniper;

Mountain reservoir site (sce p. 203) a uniform flow of 1,100 second=3

feet could be maintained in this canyon. The low-water flow under;
normal conditions is between 50 and 100 second-feet. With a uni:
form flow of 1,100 second-feet and a head of 224 feet 22,400 brake:
horsepower could be devecloped.
Blue Mountain Canyon power site (4).—Seven miles below the
mouth of Little Snake River in Moffat County, Colo., the Yampa
enters Blue Mountain Canyon through which it flows to its confluence:
with Green River. The elevation of Yampa River at the head of
this canyon is 5,583 feet; at its mouth, 5,065 foet; the total fall in
the canyon is 518 feet. By constructing two or three dams it i
probable that an aggregate head of 400 feet could be made available,
No investigations of dam sites have been made, and these data are
-presented as showing possibilities only. By utilizing the Juniper
Mountain reservoir site a uniform flow of 1,100 second-feet, can be
maintained in this canyon, and this flow, with a total head of 400 feef,
would make possible a development of 40,000 brake horsepower:‘zf:;
Split Mountain Canyon power site (5).—Split Mountain is on Green
River, 20 miles above Jensen, Utah, and 2 miles below Island Park
By constructing a tunnel 9,000 feet long, with its upper portal at the;
lower end of Split Mountain Canyon and its lower portal in the SW,
% sec. 36, T. 4 S., R. 23 E., Salt Lake meridian, 9 miles of the river
could be intercopted. An 80-foot head could be obtained withoul
a diversion dam. The average annual discharge of Green Rivef%é.t
this point for the 20-year period 1895 to 1914 was about 3,980,000
acre-feet, or the equivalent of a uniform flow of 5,500 second-fect,
If the Flaming Gorge and Juniper Mountain reservoirs should be built
it is probable that a dependable flow of -not less than 5,000 seconds
feet could be maintained at Split Mountain. The dependable low flow;
under normal conditions is about 600 second-feet. With a flow’ of
5,000 second-feet and a fall of 80 feot 36,400 brake horsepower coul
be developed. B
Ashley Creek power site (6).—Ashley Creek, which has its source iI
the Uinta Mountains at an elevation of about 12,000 feet, flows in'a
southeasterly direction and joins Green River 3 miles below Jensen,

WATER POWER. 17

Utah. In the 9-milesection immediately north of the south boundary
of the Ashley National Forest the creck falls 2,730 fect, or 303 feet
per mile; in the 34-mile section immediately south of the Ashley
National FForest boundary the fall of the creck is 360 feot. By con-
structing three power plants possibly 2,600 feet of fall might be !
tilized. The dependable minimum flow of the creek under normal |
conditions is about 30 second-feet. If a dependable minimum flow
of 80 second-feet could be obtained by using small storage reservoirs
18,900 brake horsepower could be developed.
i Duchesne River power sites (7).—The only part of Duchesne River
‘that will be considered is a 23-mile section, immediately above the
mouth of Strawberry River, which joins the Duchesne at Duchesne,
Utah. In the 11-mile section of the river immediately above Rock
(reek the fall is 450 feet. The dependable flow is about 70 second-
feet and may be increased to 114 second-feet by storage. With a
flow of 114 second-feet and a fall of 450 feet 4,660 brake horsepower
uld be developed. ’
t. Between the mouth of Rock Creek and the mouth of Strawberry
giver the Duchesne falls 510 feet ; the length of this section of the river
s 12 miles. The minimum flow below Rock Creek is about 140
wcond-feet, which may be increased to 250 second-feet by storage.
However, considerable water from Rock Creek and Duchesne River
bove Strawberry River will be diverted for irrigation, and it is
robable that only about 100 second-feet, can safely be used as a basis
or estimating the possibilities of power development. If the avail-
thle head is 450 feet and the flow is 100 second-feet, 4,100 brake
lorsepower could be developed.
*f Minnie Maud power site (8).—The Minnie Maud site is in Desola-
fion Canyon on Green River, about 1 mile below the mouth of Minnie
aud Creek. A 200-foot dam at this site would form a reservoir
aving a storage capacity of about 4,000,000 acre-feet. The capacity
b the 120-foot level would be approximately 1,440,000 acre-feet,
hich would indicate that the storage capacity between the 120-foot
vel and the 200-foot level would be 2,560,000 acre-feet. If the
flaming Gorge and Juniper Mountain reservoirs should be constructed
he flow of Green River would be practically under control to Jensen,
Jtah. The inflow from White and Duchesne rivers could be regu-
Igped with a storage capacity of about 2,560,000 acre-feet at the
llinnie Maud storage site. It would therefore be possible to utilize
the Minnie Maud storage dam to the level of 120 feet to obtain a head
or power development. The discharge records obtained at gaging
fations in the Green River basin indicate that the average annual
im-off available for storage at the Minnie Maud reservoir site for the
0-year period 1895 to 1914 was 5,300,000 acre-fect, or the equivalent
21022°—wsp 395—16—12 :
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. in Desolation Canyon, about 37 miles below the Minnie Maud dam

WATER POWER. 179

of 5 uniform flow of 7,330 second-feot. Probably a mean low ﬁow and a head of 135 feet could be obtained for the development of
not less than 6,000 second-fect could be maintained by storuge , ower. The dependable minimum flow at the present time is 2,000
indicated above. With a head of 120 feet and a flow of 6,000 secon gf:ond-feet. With increase in irrigation from the Grand and its
feet 65,400 brake horsepower could be developed. g ributary, Gunnison River, the minimum flow is most likely to occur
Ratllesnake power site (9).—The Rattlesnake site is on Green Rw ‘gl in August and September. If the flow of the Grand is not regulated
By storage it may fall below 500 second-feet at Westwater during
those months. If tho Kremmling reservoir site is utilized to equahze
the flow of Grand River to the mouth of Eagle River, then it is rea-
onnblo to expect that the minimum flow of Grand River at West-
yater would be about 1,000 second-feet. With a head of 135 feet
fand a flow of 1,000 sccond-fcct about 12,300 brake horsepower could
be devoloped.

and about 3 miles above the mouth of Rattlesnake Creek. A'd
175 feet high could be constructed to raise the water lovel 165 feot
and the backwater would not extend to the Minnie Maud dam 8
If the Minnie Maud power site were utilized as discussed in tho'p
ceding paragraph, a minimum flow of 6,000 sccond-feet would be;
available for power development at tho Rattlcsnakc dam site. Wi
a head of 165 feet and a flow of 6,000 second-feet 90,000 brake hors
power could be developed.

Coal Creek power site (10).—The Coal Creek sito is on Green Riv
at the mouth of Coal Creek, 29 miles above the town of Green Riv
Utsh. The Green River Co. proposes to construct a dam at’tk
point for ‘the purposo of dlvortmg 2,000 second-feet of the water
Green River to irrigate land in the vicinity of Green River, Uta
Raising tho water lovel at Coal Creck 160 foot would not interfere
with the dovolopmcnt of power at the Rattlesnake dam site. - Th
dependablo minimum flow available at Coal Creek would be the samg
as that available at the Minnie Maud and Rattlesnake sites, or 6 000
second-feet. - Assuming that 2,000 second-feet will be diverted’
irrigation, there would remain 4,000 second-foot available for use’
power development. With a hcad of 160 foet and a flow of 4,00
second-feet 58,200 brake horsepower could be developed.

, COLORADO RIVER AND TRIBUTARIES BELOW GRAND RIVER.

“Junction power site (13).—Recent investigations made by the
Unitod States Roeclamation Service show the conditions at the junc-
ion of Groon and Grand rivers in Wayno County, Utah, to be unfa-
yorablo for tho construction of a high masonry dam,! and though the
onstruction of a rockfill dam may be practicable the cost would be
hlgh A dam intonded primarily for the development of power will
probably never bo constructed at this point, but a reservoir to be
operated primarily in the interest of irrigation on lower Colorado
River may become commercially feasible at some future time when
the entire run-off from the Colorado is needed for irrigation below
Virgin River, if a 270-foot rock-fill dam can be built hcrc at a cost
ot oxceeding $43,000,000. A 270-foot dam would make possible
the storage of 8,600,000 acre-feet of water. The construction of a
power plant at the dam would interfere with the free operation of the
teservoir for irrigation. It might become necessary to allow a flood
to pass through the dam to remove silt deposited in the reservoir
asin. To obtainn head of 100 feet for the development of power,
940,000 acre-feot of storage capacity would be lost. If the Green-
Grand reservoir were constructed and operated in the interest of
irigation, all reservoirs on Green River could be operated to equalize
the flow of Green River for power development, and the Kremmling
eservoir sito on Grand River could also be operated primarily for
the development of power.

k- Marble Canyon power site (14).—Marble Canyon extends from the
mouth of Paria River, a few miles south of the Utah-Arizona line, to
iho mouth of Littlo Colorado River. The fall in this 60-mile section
of the river is about 550 feet, and by constructing three dams a head
of 450 feot could probably be developed. TUnder present conditions
the natural dependable low-water flow of Colorado River in Marble

GRAND RIVER BASIN.

Gore Canyon power site (11).—Gore Canyon is lmmcdmtely bel
the Kremmling reservoir site on upper Grand River, in Grand Co
Colo. The canyon proper is about 3% miles long. In an 8-mile s
tion of the river, beginning at the rmlroad station at Gore, the fall
420 feet. The Central Colorado Power Co. has investigated
feasibility of developing power in this canyon. Owing to the p
cipitous character of the canyon walls the river can not be diver
except by means of a tunnel. By constructing a tunnel 24,000 f
long a head of 411 feet could be obtained. By utilizing the Kre
ling reservoir site a mean flow of 1,600 second-feet would be a,valla
and about 60,000 brake horsepower could bo dovelopcd

Westwater power site (12).—The Westwater site is on Grand Rive
10 miles below the railroad station of Westwater, in Grand County
Utah. Theo water level at thoe dam site could be raised 140 feet with
out damage to the roadbed of the Denver & Rio Grande Railr y

1 See discussion of Green-Grand roservoir site, pp. 206-210,
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} Canyon is about 3,500 second-feet. If the flow of tho Colorad
: should be regulated to meet the demands of irrigation the dependabl
low flow in the canyon would be approximatcly 10,000 second-feot
With a head of 450 fect 143,000 brake horsepower could be develope
‘without storage and 410,000 brake horsepower with storage.
~ Upper Grand Canyon power sites (15).—The Grand Canyon of th
Colorado is in northwestern Arizona. In the 84 miles between th
mouth of the Littlo Colorado and Kanab Creek the fall is 780 fee
the average fall per milo being 9.3 feet. Owing to the precipitous

" character of the canyon walls it would not be feasible to creat
head by diversion, but by constructing four dams it may prove

foasible to utilize 600 feet of thoe fall. At many points the canyo:
walls are but a fow hundred feet apart, and foundations suitable for
high masonry dams can probably be found. The dependable mini
mum flow is about 3,500 second-feet. If tho flow of the Colorad
should be regulated for irrigation, the dependable minimum flow:
would be about 10,000 second-feet. Without storage 191,000 brak
horsepower could be developed; with storage 545,000 brake horsg:}
power. .

feet ang a head of 110 feet 50,000 brake horsepower could be developed
jand with a flow of 10,000 second-feet obtained by storage 100 006
:brake horsepower could be developed. ,

v Verde.R.'h‘)er power site (18).—A private company has investigated
@th.e feasﬂnl.lty of developing power on an 18-mile section of Verde!
gRlver, a tributary of Salt River, in Yavapai County, Ariz., beginning!
(st a point 9 miles above the mouth of Fossil Creck. The tentative
plan of development calls for the construction of threo power houses
kthc first to be placed at a storage dam 9 miles above Fossil Creek,
the second 2 miles below Fossil Creek, and the third 7 miles below"
e second. The water would be carried to power houses Nos. 2
and 3 by means of canals, flumes, and tunncls. The total eﬁ'ectivo
:head to be utilized in the 18-mile section of the river is 415 feet
By regulating the flow of Verde River it appears that 9,750 brakc;
:horsepower may be developed. ’

SUMMARY.

i In t.;he forogoing discussion attontion has boen called to the points
ab Whlf}h large quantities of power can probably bo doveloped. Data
regarding tho many sites at which small powers can be doveloped are
100 meagoer to warrant their discussion. Somo of tho larger sites
may not be utilized for many years; others will not prove commercially
foasible until the flow of the Colorado or its principal tributaries is
controlled by storago.

% A summary of tho possibilitics of the undeveloped powers i
i ow
nted in tho following table: poc powers is pro-

.

l
|

Lower Grand Canyon power sites (16).—In tho lower Grand Can

yon, between Kanab Creek and the Nevada-Arizona State line, th

Colorado falls about 850 foet in 144 miles, the average fall per mil

being 5.9 feet. The physical conditions are similar to those in t

upper section of the Grand Canyon. To create a head for the develo

ment of power it would be necessary to construct high dams.  Priva

parties are considering plans for the development of power on

section of the river by means of six 100-foot dams, and it seen

‘probable that a total head of 750 feet can be utilized in developi

power. With the present minimum flow of 3,500 second-feet 239,00

Undeveloped power sites in Colorado River basin.

brake horsepower could be developed; with the river flow regulate . ind o ;
to conform to the future demands for irrigation, 10,000 second-fo Name of site. Now Stream. State, ofavalabie p
would be available during thoe low stage, and this flow, with a he _ power? ’
of 750 feet, would make possible the development of 682,000 bra. ¢ ' Brake horse-
horsepower. ' Ao Gante e } | Green River......... Utah.....o.ooee P00
Boulder Canyon power site (17).—Three miles below the mouth Hiow Mountain Cansion 3 | Yampa itiver 2 “Colorads . 22,100
Virgin River the Colorado passes into Boulder Canyon. Tn thol i) Srege . Conyon ol g e A i 36,100
half-mile section of this canyon the distance between walls is abor Hinnie Moo o ZIII"": : g‘;g;é?}‘}'ii‘;&-_: e 8760
240 feet. The rock is granite in large ledges. Privato parties co o Crooe esseses IR 38'“?{'“'“ 50,000
template constructing a dam to a height of 125 feet to obtain I %ﬁgﬁ?&‘;‘f’.‘fii 0o BT ﬁﬁﬁgnﬁi‘}éf ------ Clor 80,000
i effective head of 110 feet. The dependable minimum flow withs o _?ﬂlﬁjgdgl"'iifc'r::--~-.- 12,308
i out storage is about 3,500 second-fect. By providing a small amount, D e oty v 18 |ocindo i L 313,000
of storage above the dam a dependable minimum flow of 5,0 Vorte Tbver on oo :§:3§311= """"" onaida  do oo
- second-feet may be obtained. If the flow of the Colorado is regu . B R 9™
lated to mect the future irrigation demands, a minimum flow of 2266910

@ The numbers in this column corres i

o \ this c spond to numbers given to arrowhes i

gxglgage bg.sm (PL XIII, in pocket). 'The arrowhead indicates the lwatiog(ﬁ {);llerggyvet;fsﬁzlorado Tuiver
n water-wheel shafts realizing 80 per cent of theoretical power. ’

10,000 second-foet would bo available. With a flow of 5,000 second
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* MARKET FOR POWER.
DISTANCE TO MARKET CENTERS.

Twenty-five hydroelectric plants, aggregating 77,725 horsgpowe
installed capacity, are operated in the Colorado River basin. I.
addition there are in operation a number of plants at which powe
used direct from the wheel shaft for milling and for pumping waters
for irrigation. The capacity of the undeveloped powor sites‘is est;
mated at more than 2,000,000 brake horsepower. Thorough invest:
gations of the Gore Canyon site on Grand River have been made by
the Central Colorado Power Co., and preliminary investigations have.
beon made at the Minnic Maud, Rattlesnake, Junction, Upper and;
Lower Grand Canyon, and Boulder Canyon sites on Green and C 1
rado rivers by private parties. . .

* As early as 1908 a report was prepared by Guy Storhng, consulting
engineer, Salt Lako City, Utah, setting forth a tor}tatlve plan' {¢
utilizing the Minnio Maud, Rattlosnake, and Jun.ctlon power site:
A survey was made of the Minnioc Maud site and filings woere made on
" the necessary water in accordance with the laws of -Utah. Mzr. Steras
ling reported the aggregate capacity of the throo sitos to be 275,00
horsepower at tho plants, or 183,270 horsepowor d.ehvored at the
customers’ switchboards. He estimated the immediato demand.
53,000 horsepower, and the possible demand within a.fev.v years aft
completion of tho plant at 100,000 horsopower. Tl}o air-line distanc
to present market centers, as shown by the following table:

- A
Air-line distances from Minnie Maud, Rattlesnake, and Junction power sites to principal
cities and mining camps within a radius of 300 males.

From From
Minnie | Rattle-
City. Maud snake
power | power
site. site.
Miles. Miles.
Salt Lake City, UtBho . .eeeeeeeae et niineaenceees }gg 55
Park City, Utah....... .ee cee 102 1
Eureka, d .- o eeen 120 120
Ogden, Utah....
EFy Nev 275 22
LeBAVIIIE, COI0. «nnoemnnamennmenaemmnsnsenneeannannasnsaaaas 2‘3,; 2?7
Grand Junction, Colo....eveameneeerieimmmenaaaeeeuaneaaaaaieseee 5 X
Silverton, Colo........ 1 152
Tolluride, Colo. « .coareaanaeerineinnmarieetiiaciaeneoanes Y 1
Cripple Croek, Colo..caeeuaeiiimnnmmraeaiananrmeananaeeees » 20
Creede, Colo. ... vueeneeremaemearansreentaraetarinnnaant 208 19
Denver, Colo. . .vevennnreeanciamiennmeameumeananseanannnaanses ceen m m
PUEDIO, COl0uennctnunranneannaacnaesssanmanneasseasssmnatant o

ARTIFICIAL FERTILIZERS.

The manufacture of artificial fertilizers may in the future aﬁoi‘q
‘a large market for clectrical power in the Colorado River basin. .In
1912 it was reported that more than 200,000 horsepower was be
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used in Norway in the manufacture of calcium or sodium nitrate and
other nitrogen compounds for use principally as fertilizers.! A part
jof this product was marketed in California and in the Hawaiian

Islands. Plants for the manufacture of cyanamid (CaCN,) have been

restablished in practically every country in Europe. The plant of!
e American Cyanamid Co., at Niagara Falls, Canada, which was!
arted in 1909 with an annual output of 12,000 tons of cyanamid,

was enlarged in 1913 to produce 32,000 tons annually and in 1914

was again enlarged, so that the output is now 64,000 tons.? This

loutput requires a continuous use of 30,000 horscpower. Cyanamid

is well ‘adapted to the cheap production of ammonium phosphate, a

Lcompound which may be used directly in agriculture. :

p: If high dams are built in the Colorado River basin for the pur-

se of preventing floods and regulating the {low to conform to the

rigation demand, a large amount of cheap power can probably be

developed in conncction with the storage works. At the Flaming

Gorge dam site (pp. 199-201), where power can be developed cheaply

if the cost of the storage works is charged to the irrigation interests,

raw materials necessary for the manufacture of ammonium phos-

phate are available, and it would be necessary to remove phosphate

rock in excavating for the spillway. Limestone also is found in the

vicinity. The slack water above the dam would afford water trans-

portation to a point a few miles below Green River, Wyo., the nearest

railroad point, and a market for the product would be found in the

agricultural regions of the adjoining States.

7

3
E:

ELECTRIFICATION OF RAILROAD LINES.
GENERAL CONDITIONS.

. During recent ycars many clectrical engineers have come out
strongly in favor of replacing steam locomotives with electric loco-
motives in railway scrvice. Ieretofore, railways have replaced
steam locomotives by electric chiefly to care for heavy suburban
aﬂic or to solve special problems of operation, such as the steam,
gas, and smoke produced by steam locomotives in long tunnels.
The Butte, Anaconda & Pacific Railway, which operates about 120
miles of track in Montana, now uses electric motive power, and some
of the larger railroad systems have recently adopted electric in
preference to steam locomotives for main-line freight and passen-
ger service. A division of the Norfolk & Western Railway in the
mountains of Virginia was electrified early in 1915. The Chicago,’
Milwaukee & St. Paul Railway Co. is electrifying its road between
Harlowton, Mont., and Avery, Idaho, a distance of 440 miles, in-

-

4 1 Lewis, J. 1., The Columbia River power project near The Dalles, Oreg.: Oregon State Engineer. Bull.

: }pp. 52-53, 1912.

3 Landis, W. 8., The fixation of atmospheric nitrogen: Met. and Chem. Eng., vol. 13, p. 218, April, 1915.
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volving the use of 650 miles of track, and contemplates the extensio
of the eclectrified zone from Avery, Idaho, to Seattle and Tacomal,
Wash., 850 miles farther west. The electrification is practicall
completed from Harlowton to Deer Lodge and will probably ‘b

extended to Avery by January 1, 1918.

' Six trunk railroad lines now in operation and t

wo that are proposed:
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% Asection of the Denver & Salt Lake Railroad is alrcady constructed,
tbut as there is only a remote possibility that this section would be
Foperated electrically until the line is completed to Salt Lake City, the
) total mileage was included with the proposed lines.

t

!

PHYSICAL CONDITIONS ON RAILROADS.

i Thefollowing table shows the principal physical conditions affecting
the railroad lines for which electric-power requircments have been
‘estimated:

could, if electrically operated, be supplied with electricity generated
at water-power plants in the Colorado River basin. In this connee~
tion the following data (pp. 184-190), abstracted from a report pre-
pared by Charles P. Kahler, electrical engineer, Oregon Short Ling
Railroad Co., Salt Lake City, Utah, will bo of interest. The eloc-
trification of existing and proposed railroads in the Colorado Riwt T
basin and adjacent regions would furnish a market for the entiro

Physical conditions on railroad lines.

Ascents. Average grades.

Railroad. Miles.

outhwestern Pacific Railro:
: )
LINES OPERATED. )

output from water-power plants having a capacity of 525,000 brake i West. | Tast. | West. | East. | Doth
horsepowgr. RAILROAD LINES CONSIDERED. ijOregon Short Line Railroad: () s | M| s | D0 | R | T e
" The clectric power necessary to operate a stoam railroad depen: £Union Pacific Rallrond: (?))"‘k')?‘: s ﬁg 4 2‘1’; 1‘:‘% : {?’ :g»% 108
on many varying factors, and complete data on which to base o s Podro, Los Angeles & Snit Lake ftail- = 499 | 5,27 .2 » J272
close estimate of the electric power that would be required to operato g ™ * )i , 0 R O il IOl IO OO 3
the stoam railroads that traverse the Colorado River basin are not il Meveon, Topoa & Sana Fo itaii| 0| oo | ™ 0|2 305
available. The approximate estimate here presented, however,in ! : =l 800 10,146 | 12,872 330 420 377
cates in a general way the probable market for clectric power if ) @
railroad lines named in the following list should be electrified: - .  Denver 4 Salt Lake Ralliamd 120000000

Oregon Short Line Railroad:
(@) Montpelier, Idaho, to Granger, Wyo.
(b) Ogden, Utah, to Sandy, Utah.
Union Pacific Railroad:
(@) Ogden, Utah, to Granger, Wyo.
(b) Granger, Wyo., to Cheyenne, Wyo.
San Pedro, Los Angeles & Salt Lake Railroad:
(a) Salt Lake City, Utah, to Daggett, Cal.
(b) Branch lines near Salt Lake City, Utah.
Denver & Rio Grande Railroad:
Ogden, Utah, to Pueblo, Colo.
Atchison, Topeka & Santa Fe Railway:
(a) Daggett, Cal., to Gallup, N. Mex.
(b) Williams, Ariz., to Grand Canyon, Ariz.
(¢) Ash Fork, Ariz., to Phoenix, Ariz.
Southern Pacific Co.: )
(a) 'Yuma, Ariz., to Lordsburg, N. Mex.
(b) Miscellaneous branches.

a Salt Lako to Sandy is considered as operated by San Pedro, Los Angeles & Salt Lake Railroad.

.. The curvature is not stated in the tables, as complete information
was not available, but an allowance for curvature has been made in
 the estimates of power consumption.
i The cast and west ascents given in the preceding tablo were taken
sfrom condensed profiles and consequently are less than the exact
 totals for these lines, but the ascents not taken into consideration
L generally arc on minor or momentum grades and would not mate-
 rially aflect the requirements for electric power.
.. For ordinary interurban electric railways it is gencrally assumed
Fthat the ascents and descents of grade equalize each other. This
Bl cssumption can not be made, however, in estimating the power
irequircments of the trunk-line steam railroads where brakes have to
[ be used on down grades. The possibility of returning to the trolley
 wires power gencrated by the locomotive on down grades was not
taken into account in the estimate here given. On some sections
considerable power might be thus returned, but the total for all the

lines was deemed unimportant for the present purpose.

LINES PROPOSED.

Denver & Salt Lake Railroad:

Salt Lake City, Utah, to Denver, Colo.
Southwestern Pacific Railroad:

Grand Junction, Colo., to San Diego, Cal.
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QUANTITY OF TRAFFIC. .

The estimated tonnage, including the weight of electric locomotives,
. equipment, and cars with contents, of the railroads considered is
shown in the following table: ' E

Average tons per day per mile of line.

Passenger

Railroad. trains.

Tons.
Oregon Short Line Railroad: (8)....cccemueiiieiiiieiimmmmimennnaecnaaeee 4,400
b)a. 2, 400
Union Pacific Railroad: (g) ....... g, g%
.......................... A
San Pedro, Los Angeles alt Lake Railroad: (8).....cocemivieneanaanes 2,400
Denver & Rio Grande Railroad...............oc.iociiae. 4,000
Atchison, Topeka & Santa Fe Railway: (a).... 6,000
Southern Pacific Co.: (8).......... 6,000
Denver & Salt Lake Railroad. .. 3,%
)

Southwestern Pacific Railrogd e

a Salt Lake to Sandy Is considered as operated by San Pedro, Los Angeles & Salt Lake Railroad.

The data are incomplete, but the figures are probably sufficiently
accurate to serve the required purpose. The tonnage eastward is
not tho same as the tonnage westward, but, except on the southern
railroads, for which an allowance is made in the estimates, the differ:
ence is small. .

The average daily passenger and freight traffic, in ton-miles, com
puted from the tonnage and mileage given in the foregoing table, is
shown below: :

S

Average traffic in ton-miles per day.
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lines in this section would operate at 60 cycles, and the fact that 60
is & multiple of 15 would make it convenient to connect together the
60-cycle and 15-cycle lines.

POWER LOSSES.

; !
ll: No allowance Was made for losses in the high-tension lines from the |

power plants to the railroads, but the losses in the high-tension lines
paralleling the railroads were taken into account.

% The following table shows the efficiencies of the locomotives, trans-
‘mission lines, and transformer stations:

Per cent.
High-tension Hnes. « c..vuvnvnnnmoiei it 95
Transformer stations (step down)........... ... .oiiiiiiiiial. 97
Trolley feeder Wires. ... eeeeeenaneneaeamaae i iaaanan 92
Locomotives (comaplete).....oooro oo 80
Over-all efficienCy . ceeee et o i et 67.8

¢ In other words, it is estimated that only about two-thirds of the
power delivered to the railroad high-tension lines would be utilized in
hauling the trains. . ‘
CONSUMPTION OF POWER.

The average daily consumption of power, in kilowatt hours, for
passenger traflic, and data used in obtaining it, and also for the freight
and mixed traffic, are presented in the following table. The train
resistance on lovel track was assumed at 8 pounds per ton for passen-
ger trains and only 6 pounds per ton for freight and mixed trains, which
are operated at lower speed than passenger trains. Theoretically the
watt hours per ton-mile are equal to nearly two times the total train
resistance in pounds per ton. At 663 per cent efficiency the watt-

Railroad. Passengor jrelght hours per ton-mile would equal three times the total resistance in
raties 1 traflic pounds per ton, and this factor was used in the tables.
Oregon Short Line Railroad: (%) .................................... ggg,% ‘ Average daily consumption of power for passenger trafiic.
Union Pacific Railroad: (a)...... o 3,5()410()0
bB)-rneeenn 10,140,000 Resist
San Pedro, Los Angeles & Salt Lake 5,750,000 esistance (pounds per ton). |  Watt
Denver & Rio Grande Railroad... 6, 590, 000 . hours per | yy0 catt
Atch}ilson, g‘opgkac & Santa Fe Rai 553, %;%2’ % Railroad ’I;;I;-(!irg;es to?&r;ﬂe hours
Southern Pacific Co.: (8)......... £ : . it
Donor & Sait Lake Talliond. ... 5,580, 000 Friction, | Grage. | Total. | percent |Perday:
Southwestern Pacific Railroad......coommmmmnmimneneiiiiiienaanns 11,000, 000 . efficiency).
506, 000 8 3.2 11.2 33.6 17,002
BASIS OF ESTIMATE. 86,400 8 4.0 12.0 36.0 3,111
e a8 H| m) O Bi oam
Three of the railroad companies operating lines in this drainage; Los Angeles & Sait L 1’ W’m ‘ : ' ’
. . . . o R Rallroad: (8). ... cieiiiiaiinaen , 500, 8 5.5 13.5 40.5 60,750
area have seriously considered the single-phase system in connection. enver & Rtio Grande IKnilroad 2,636,000 8 e1) 141 az3 | 111503
. M . . . . tchison, Topeka & Santa Fe Rail-
with the proposed electrification of parts of their lines, and that sy FWBY: (B) « o s enesnmnansmennnnennnes 3,480, 000 8 7.6 15.6 46.8| 162,804
. . 380uthem Pacific Co.: 2,496, 000 8 3.5 11.5 34.5 86,112
tem forms the basis for estimates here presented. It was assumed tha Demvar & Salt Luko Railtond 2.0 2,2 000 ; ol 16 0| 107136
. . . - Southwestern Pacific Railroad........ ,400, . 13.7 41, 180, 840
the high-tension lines would operate at 150,000 volts and 15 cycles, ‘"

that the trolley voltage would be 15,000, and that single-phase com
mutator locomotives would be used. Most of the commercial power
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‘average load ‘divided by the maximum requirements gives what is

Average daily consumption of power for freight and mized trafic. :
known as the “load factor,” and the probable load factor for the

Resistance (pounds per ton). |  watt various railroad lines herein considered is given in the preceding table.

Railroad. Ton-miles hours per ” On the Southern Pacific Co.’s lines and the Atchison, Topeka &

per day. Friction, | grage, | Total pegﬁggnt Santa Fe Railway some correction should be made to allow for the

o s |eliciency). heavier westbound freight trains. For the Southern Pacific lin

Oregon Short Line Railroad: (a). ... 420, 000 6 22 0.2 9761 - 2530 B this correction may be of considerable  magnitude, although the

Union Pacific Railroad: (a). . | s e i &9 100 LU R ascents west are much less than the ascents east. On the Atchison,

San Podro, Los Angeles(&)Snlt fae| 10,140,000 6 551 1.5 .5 ‘Topeka, & Santa Fe Railway the east and west ascents are, however,

Donvor & Tk cirands fairond 17| 6:500,000 el &3 18 s not, very different. If the above factors are taken into account the

Alchison, Topeka & Santa Fo Rail- | 0 000 ol asl 1 0.5 'maximum amount of power in kilowatts that it would be necessary to

gzﬁ:;*g};gﬁﬂm, e rond | B M0 A I I 34 5 supply to the secondary transmission lineswhich parallel the respective
Southwestern Pacific Railroad........ 11,000, 000 6 5.7 1.7 35.1 &lh‘OaldS is shown in the fOUOWng table:

The estimates given in the two tables preceding are combined in Mazimam demand for power for railroads.
the following table, which shows the total kilowatt hours per day for

OPERATED RAILROADS.

. . . . . Kilowatts.
each railroad, tho average load in kilowatts, and maximum load in Oregon Short Line Railtoad. ...« e noeneeeeeeneeeeseenn.., 12, 000
kilowatts required to operato the estimated traflic: Union Pacific Railroad. ... .oooooieeniiiiiiiiiii i, 47,000
Lo . San Pedro, Los Angeles & Salt Lake Railroad.................. 29, 000
Total requirements for power, in kilowatt hours per day, all service. Denver & Rio Grande Railroad. - oo ommo oo 37, 000
Atchison, Topeka & Santa IFe Railway. .. .. ... ... 65, 000
. : Passen- Freight ?H‘E'ﬁz{ Average Annual Southern Pacific Co....vnvnoiiiii 35, 000
Railroad. gor, an miscel- | Total. Joad load _—
| mixed. | o0 * | factor. 225, 000
i PROPOSED RAILROADS,
Oregon Short Line Rail- . Kilowatts.| Per cent. | Kilownts, Y. ai
Toad: (8) e R 17,002 S| %" saw S Denver & Salt Lake Railroad......ooiiiiii 40, 000
..................... 3,111 “516 15 4 Southwestern Pacific Railroad..............oocooiaiiaa.. 60,000
Union Pacific Railroad: (a). 1%’ %§ 2(23, éé% } 60 —
San Pedro, Los Angeles & Salt’ ! 100, 000
Lake Railroad: (B)eevanceannn 60,750 112,412 } 45 —_——
() P P 500 325, 000
Denver & Rio Grdande Railroad. 111,503 16, 805 45 ’
Atchison, Topeka & Santa Fe o . . .
Ballway.g 2. 2,562 0 1. If the railroad companies are to purchase the electric power from a -
Sonthern Peic Gol 12,000 power company that company must be prepared to deliver to the high-
y V¢ 40 7 . . . . . . .
By 500 3 : )
Denver & Salt Lake Raoad -~ 107,13 10,500 ot {ension transmission lines whl_ch parallel the rall}‘oad a maximum of
Southwestern Paciic Rallroad. .| 180,840 21,166 45 325,000 kilowatts. By assuming a generator efliciency of 95 per cent,

step-up transformer efliciency of 97 per cent, and a loss of 10 per cent
m the prlmary transmission system, it is estimated that the power
‘company’s plants must have a capacity of 525,000 brake horsepower.
f The consumption of power depends of course on the traffic, and the
estimate of tonnage for the proposed railroad lines is roughly
lapproximate.

The traflic on the existing lines will no doubt increase, but the
Lcapacity of the power plants need not be increased proportionally,
‘for as a rule the load factor increases as the traffic increases.

If the high-tension transmission lines and power plants were
*operatod agea single unit the load factor for railroad operation alone
;Would be higher than for the average of the individual roads, and.

&

The traffic is not usually of uniform intensity, and more power
would be required during some times of the day and some seasons
of the year than at others. The maximum requirements for power
would also be greater at some seasons than at others. Furthermore,
during some months there is an empty-car movement which is greater
eastward than westward, ‘especially on the southerly rallroads,
and this movement has to be considered in determining the maximum
load in kilowatts that it would be necessary to supply to the secondary’$
transmission lines which parallel the railroads. On long lines.the
daily peaks would be relatively less than on short lines, and where
the traffic is dense the load would usually be more uniform. The
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-Head Rock is 500 feet above sea lovel. The distanco by river between

.Jacinto Mountains, and merges on the north with Salton Basin (pp
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As the slope of the delta is greatest toward the north and west, the
ver during flood periods is continually seeking a new channel to
“Salton Sea. Several million dollars have been expended by private
‘interests and the Federal Government in constructmg levees and
g{bank protective works, that are more or less temporary in nature, to
.prevent the overflow of the Colorado into Salton Basin.! The valuq;
of the property in Imperial Valley subject to injury by overflow has
been variously estimated at $30,000,000 to $50,000,000, and between
Bulls ITead Rock and the’ international boundary arc properties
valued at $10,000,000 to $15,000,000 which also need protection from
“the floods of the Colorado.

. Obviously no amount of levee construction and bank revetment
;will prevent high-water stages on the lower Colorado, and if floods
sare not prevented thousands of dollars must be e\pcnded annually
‘in maintaining protective works on the river below Bulls Iead Rock.
For the prevention of the extremely high stages only one method is
"availablo—the construction of proper ly located storage reservoirs of
{suflicient capacity to hold back the ﬂood-makmg waters. If by this
means all or the groater part of the overflow is prevented, the lands
along the lower river can probably be adequately protected by bank
revetment and the cost of maintaining the protective works will
have been reduced to a minimum.

If no lands below Virgin River were irrigable from the Colorado,
sthere would be to-day in this region railroad stations only at the
Santa e cr osbingb at Parker and Needles and at the Southern
Pacific crossing at Yuma, Ariz., and, excluding railroad properties,
'land here would be practically valueless The region, however, con-
tains irrigable lands of great value. About 367,000 acres were irri-
“gatcd below Virgin River in 1913 dircctly f10m the Colorado, and
addltlonal arecas aggregating approximately 2,367,000 acres are classcd
as irrigable. The present value of the irrigated lands and related
industrics below Virgin River is between $40,000,000 and $60,000,000.
If all additional irrigable lands arc supplied with water, the value of
‘the property in the irrigated arca would probably exceed $300,000,000.
To protect the property from the ravages of floods and to increase
the irrigated area the flow of the Colorado must be regulated. The
control of the river, if obtained by the use of storage reservoirs, will
‘therefore serve a doublc purpose—it will protect the irrigated area

'from overflow and bank encroachment and it will increase the water
¥

consequently the required power-plant capacity and the cost of power
generation would be less. Also, if the same power plants and trans-
mission system served the whole territory for lighting, power, and all
other purposes, the load factor would be greater and capacity of the
plants required to handle the railroad load would be somewhat less
than indicated by the table :

RIVER CONTROL. .
GENERAL PROBLEM.

The elevation of the water surface of Colorado River at Bulls'h

Bulls Head Rock and the Gulf of California is 370 miles; the average
fall in this section of the river, therefore, is 1.35 feet per mile.  Be-
tween Bulls Head and Yuma, Ariz., approximately 200,000 acres of 3
irrigable land are subject to overﬁow during periods of hlgh run-off
From Yuma to the Gulf the river flows through its delta, which is
made up of silt brought down and deposited during past centuries
and which extends southward to the Gulf, westward to the San i

140-141). Atlow stages the river winds through the delta in a channel
fairly well defined by banks 10 to 12 feet in average height; at high
stages it overflows its banks at many points.
After the river has flowed in one channel for a number of years its
bed and banks arc built up by silt deposits until the stream itsclf
. occupies g ridge on the delta. The manner in which the bed and
“banks are built up by the silt deposits is described by Gilbert as
follows: !
Alluvial streams tend to broaden their channels by eroding one or both banks,’]
The influence of vegetation opposes this tendency. Often the erosion of the bank :§
exposes roots, and some trees extend rootless into the water. At low stages the bared 2%
parts of the flood channel are occupied by young plants. In these ways vegetationiid
creates obstacles which retard the current at its contact with the bank and thus
oppose erosion. If the current is strong erosion is merely retarded, not prevented
if the current is weak deposition may be induced. * * * ;
Some streams aggrade so rapidly that vegetation does not secure a foothold. By
erosion of its banks such a stream broadens its channel and reduces its depth until
the slackened current clogs itself by deposition of its load. The built-up bed become
higher than the adjacent alluvial plain, and the stream takes a new course. DBeforo '}
the assumption of the new course the banks are overtopped by shallow distributaries
which deposit their loads on the banks, thus building them up, until the stream is
made to flow on a sort of elevated conduit, and when the main body of water at las
leaves this pathway it is apt to start its new course with a steepened slope and scour
for itself a relatively narrow channel.
The building up of the bank by depos1t10n from overflow is more pronounced i in th
presence of vegetation. The ridge thus created is called a natural levee.

1 For detailed accounts of the causes that led to the formation of Salton Sca and of the various attempts
Aand final successful effort to shut the flood flow of Colorado River from the Salton Sink, see the following
reports

Grunsky, C. E., The lower Colorado River and the Salton Basm Am. Soc. Civil Eng. Trans., vol. 59,
' pp. 1-51; discussion, pp. 52-62, December, 1907.

" Cory, II. T., Irrigation and river comrol in the Colorado River delta: Am. Soc. Civil Eng. Trans.,
yol. 76, pp. 1204—1453 discussion, pp. 14564-1571, December, 1913,

1 (hlbert G. K., The transportation of débris by running water: U. 8. Geol. Surve} Prof. Paper 80
p- 222, 1914,
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supply availablo for the irrigation of new lands. The ideal end to be i
sought is. the modification of the natural flow of the Colorado to con-
form to the demand for water for irrigation below Virgin River. :

The diagram (fig. 4) shows clearly the necessity for river regula- ‘3
tion. The shaded part shows the natural flow of the Colorado at
Yuma for the years 1911 and 1912. The demand for the irrigation
of 2,730,000 acres below Virgin River is shown by the heavy line,
The volume of the discharge in excess of the irrigation demand should
be stored for release when the natural flow is less than the demand, .

MAGNITUDE AND FREQUENCY OF FLOODS.

To regulate the flow and provent the floods on the lower Colorado,
reservoirs properly located and with sufficient capacity to hold back 3
the water that would otherwise make up a flood must be utilized,
The source of the water that produces the annual floods at Yuma, |
Ariz., is shown by the following table and also in the diagram (P],

Annual 'discharge, wn acrefeet, of Green, Grand, and Colorado rivers, 1895-1914,

Green River. g’iggg Colorado River.
Year. . : ;
At Green |AtBridge] At | At Green . Abdune- | Al Hardye;
River, ort, Ouray, River, |Atmouth.| At mouth, Green and viaeggn:*:
‘Wyo. tah. Utah. Utah. Grand, dam, <5
i
1,260,000 | 1,860,000 | 3,210,000 | 4,350,000 | 4,520,000 | 6,360,000 | 10,900,000 |16, 600,000
1,460,000 1 2,140,000 | 3,690,000 | 4,170,000 | 4,320,000 | 6,700,000 | 11,100,000 |13, 400,000,
1,680,000 | 2,510,000 | 4,330,000 | 6,250,000 | 6,460,000 | 8,260,000 | 14,700,000 [a15. 400 000:
1,500,000 | 2,240,000 | 3,860,000 | 5,300,000 | 5,430,000 | 4,850,000 | 10,300,000 |13 200,000}
-1 2,650,000 | 3,880,000 | 6,700,000 | 8,120,000 | 8,480,000 | 8,900,000 | 17,400,000 |a22, 00,000
-| 1,080,000 | 1,550,000 | 2,670,000 | 3,720,000 | 3,820,000 | 6,880,000 | 10,700,000 |a16, 500’ 000
-| 1,280,000 | 1,880,000 { 3,240,000 f 4,420,000 | 4,600,000 | 7,010,000 | 11,600,000 (ai4, 900,000
-| 1,010,000 | 1,480,000 | 2,550,000 | 3,490,000 | 3,600,000 | 4,280,000 | 7,850,000 | 7,960,000
1,400,000 | 2,060,000 | 3,550,000 | 4,830,000 | 4,960,000 | 5,650,000 | 10,600,000 | 11,300,000
-| 1,830,000 | 2,690,000 | 4,570,000 | 5,200,000 | 5,320,000 | 5,070,000 | 10,400,000 | ©’290,000;
976,000 | 1,440,000 | 2,480,000 | 4,000,000 | 4,120,000 | 6,490,000 | 10,600,000 | 15,900,000
1 1,520,000 | 2,240,000 | 3,860,000 | 6,450,000 | 6,670,000 | 7,690,000 | 14,400,000 519, 200,000
-| 2,880,000 3,790,000 | 6,520,000 | 8,890,000 | 9,250,000 | 7,900,000 | 17,200,000 | 24, 800,000
1,220,000 | 1,790,000 | 3,080,000 | 4,220,000 | 4,390,000 | 4,660,000 | 9,050,000 | 12,600,000
2,520,000 | 3,710,000 | 6,400,000 8,680,000 | 9,040,000 | 8,470,000 17,500,000 | 25,300, 000
1,350,000 | 1,090,000 | 3,430,000 | 4,640,000 | 4,900,000 | 5 830,000 | 10,700,000 | 14, 100,000°
-| 1,220,000 | 1,790,000 | 3,080,000 | 4,200,000 | 4,370,000 | 6,800,000 | 11,200,000 | 17,600,00°
- 1,450,000 | 2,130,000 | 3,670,000 | 6,220,000 | 6,430,000 | 8,500,000 | 14,900,000 | 18,100, 000:
+| 1,670,000 | 2,460,000 | 3,850,000 | 5,360,000 | 5,490,000 | 5,370,000 | 10,900,000 | 11, 700,000’
1,710,000 | 2,520,000 | 4,770,000 | 7,080,000 | 7,350,000 | 8,660,000 | 16,000,000 | 20] 100,000}
Twenty- e
year aver- ks
8g6.unnnnn. 1,570,000 | 2,310,000 | 3,980,000 | 5,480,000 | 5,680,000 | 6,720,000 | 12,400,000 | 16,200,000

a Mean obtained by comparing the annual run-off of Colorado River at junction of Green and Gmndt;
rivers, with record showiné the run-off of Colorado River at Hardyville and by comparing the run-off of
Arkansas River at Canon City, Colo., with the run-off of Colorado River at Hardyville. -

b Record obtained at Hardyville gaging station.

The relative importance of the tributarics of the Colorado is shown :
by the map of the basin (Pl. XX, in pocket), on which the width of
the lines representing the streams is proportional to the volumo of dis-

charge. This map shows graphically the small volume of run-off above -
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194 COLORADO RIVER AND ITS UTILIZATION.

Flaming Gorge and Kremmling and the large run-off at the junction .
of Green and Grand rivers, and indicates the futility of constructing :
reservoirs on small tributarics or near tho head of Green and Grand
rivers for the purpose of controlling the flood flow of the Colorado "
at Yuma. In the following tablo the relation of run-off of Green, A
Grand, San Juan, and other rivers is expressed in per cent of flow at
Laguna dam.

Relative run-off of Colorado River and its tributaries.

Per cent of flow
at Laguna dam.

Green River at Flaming Gorge, Utah........ .. ... ... ... .. .. 14.3
Grand River at Kremmling, Colo......cooiiiiiiiiiiiiaai 7.4
Green River at mouth, Utah.. ... ... ... ... ol 35.0 -
Grand River at mouth, Utah...... .. ...o.......o..oo..oo.... 41.5 2
Colorado River at junction of Green and Grand rivers, Utah...... 76.5
San Juan River at Bluff, Utah. .. ... ... ... oo, 14. 2 i
Colorado River at mouth of Paria River, Ariz.................... 92.5 4
Colorado River at Laguna dam, Ariz.-Cal........................ 100. 0 3

s .
B T T R T

-
w

The diagram (fig. 5) shows the annual variation in the flow of Colo-
rado River for the 20-ycar period 1895 to 1914, inclusive. The mean }
annual run-off at Hardyville or at Laguna dam dumng this period was
16,200,000 acre-feet. The least run-off recorded is that of 1902-—-}"5
7,960,000 acre-feet, or 51 per cent below normal.  The highest run-off ;
rccorded is that of the year 1909—25,300,000 acre-feet, or 56 per cent 3 —
above normal. From 1901 to 1905, inclusive, the run-off was below —
normal, as is indicated not only by the large tributaries of the Colorado @ |
above Virgin River but by many of the larger streams in the Great
-Basin.

The rise and fall of Great Salt Lake, for example, shows roughly 3
the variation of the flow of the streams in tho Great Basin that are .8 :
tributary to the lake. The lake levels for the 65-year period 1850 to ] -
1914, inclusive, are shown in Plate XXI. During this period the lake
level was lowest in 1902. Estimates have been made of the quantity
of water that has flowed into the lake annually during this period.,
(Sce P1. XXITI. ) In making these estimates an arca curve of the lake o
surface for various levels was prepared from surveys made in 1850 3
and 1869. The earlier survey was made by Capt. Howard Stans— oA
bury, of the United States topographical engineers, April 1 to June -
26, 1850, when the mean level of the lake was at an clevation repre-
sented by 3.4 feet on the present midlake gage, and its area was’
1,120,000 acres. A similar survey made in the spring of 1869 by @
Clarence King, United States geologist, showed the mean lovel of the:?
lake to be about 12.8 feet, and its area 1,386,240 acros. "

The quantity of water received by the lake annually, including the |
rainfall on the lake as well as the inflow, was estimated from the
records of the annual variation in lake level and tho surveys showing




1883 | 1884 1885 1886 | 1887 1888 1889 | 1890 1891 1892 | 1893

1862 1863 | 1864 | 1865 | 1866 | 1867 | 1868 1869 | 1870 1871 1872 | 1873 | 1874 | 1875 | 1876 1877 | 1878 | 1879 | 1880 | 188! 1882

YEAR _ 1850 | 185¢ 1862 | 1853 | 1854 | 1855 | 1856 | 1857 1858 | 1859 | 1860 | 1861

(9):1 & W 191 %- YV X7 B A No) A MM S0 1us 1 Jot: 33 .V ATo 14 K- VY- ) W LG WO ] - Corinne > =t

s hed 5y MErCUs ELIones, wivil enginasr SaltLake City =2t

pgp———,

1347 | 11.76 | 11.74 | 18.65 | 19.21 | 1442 | 9.37 | 1252 ] 16.64] 9.21 | 16.58 | 12.34 | 13.36

17.06 | 22.27 | 20.24 | 1532 | 1085 | 157 | 13.96 2048 ]| 18.25 | 11.80 | 14.57 ] 10.99] 9.73

12.20 { 15.00 | 13.60 [ 12.00 | 16.80 | 15.20 | 17.50 | 15.50 | 14.40 | 11.80 | 11,90 | 12.90 | 13.20 | 6.73 12.33 | 16.92 | 22.25 | 28.00
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RIVER CONTROL. 195

the arca of the lake, b

Y assuming the annual evaporation to be 48
inches.

There is little doubt that those estimates are sufliciently
sccurate to show conclusively the periods of high, low, and average
frun-off. The periods of low run-off thus shown were 1857-1860,

1872-73, 1877-1830, 1887-1889, and 1900-1902. In the 65-year
period 1902 was the year

educed somewhat by the use of water
for irrigation. The years of high run-off were 1854-1856, 1864-1368,

1874-1876, 1884-85, and 1907-8. If the variation in the water level
\Jf Great Salt Lake does indicato the variation in run-off, then it is
‘freasonable to assume that the period of lo

, W run-off on the Colorado,
s
3 26
25
24 Z
23 2 ' :
22 - — /
: 2 @ =Approximate
20

19
18

6 7 —— //___t ‘#Lgo_-lear mean
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; FIGURE 5.—Diagram showing annual discharge of Colorado River above Gila River, 1895-1914.

‘§901 to 1905, inclusive, may not occur on .an
fnce in 50 or 60 years.

§ The accuracy of the records showin
Juma, Ariz., for tho year 1902 has
as read daily as usual; 36 discharge measurements were made during
e year; changes in the cross section of the river channel were due
«off scour and were probably small, as the average discharge was small;
bj{; «! the run-off for 1902 is the lowest recorded for’ Green and Grand
~viff-ers, the two largest tributaries of the Colorado. It therefore scems
408 .t the run-off records for the Yuma station for 1902 are not only

“zivf  stent but of an accuracy comparable with that of the records
avodd  ‘ng the run-off at that station during later years.

average oftencr than

g the run-off of the Colorado at
been questioned; but the gage

A

of lowest run-off. During the last 20

i




196 COLORADO RIVER AND ITS UTILIZATION.

Daily gago readings have been taken showing the stage of the Colo- 2
rado at Yuma since April 1, 1878, to date, but systematic discharge
measurcments were nob begun until 1902, and no method has been
dovised whereby the carly gage heights can be used to determine the -
discharge. Owing to the fact that the river bed is croded during:
high water and silted up during low the section of the river channel 4
that determines the clevation of the water surface at the Yuma gage
is not permanent and the usual mothod of defining tho rolation be- ‘3
tween gage height and dischargé by means of a rating curve is not
practicable. Tstimates of the annual run-off in acre-feet, based on
. tho run-off of Green, Grand, and Arkansas rivers have been made for 3@
" , the period 1895 to 1901, inclusive, and are probably accurato within
L 20 per cent.
‘i Tho gage-height records aro of value, however, in that they show
’1 {ho river stago and dates of all floods since 1878. At Yuina tho river:2
| overflows its banks at gago hoight 25 foct and above, regardless of 3
¥ tho actual discharge. Plato XXIII shows 2 38-yoar record of the §
) ‘

i
i1
e
i
}

river stage obtained by plotting tho gage hoights from 1878 to 1915, 8
inclusive. The gage hoight 25 fect, ab which overflow ocecurs, s 3
shown by tho heavy dotted line. It will bo noted that overflo '
occurred in 1884, 1886, 1890, 1801, 1892, 1893, 1895, 1897, 189
1000, 1001, 1903, 1904, 1905, 1906, 1907, 1908, 1909, 1911, 1912/
and 1914. In the 21-year period, 18781898, overflow occurred §
during 8 years; in tho 17-yoar period, 18991015, overflow occurred}
during 13 years. There is no reason for concluding that tho averages
annual dischargo for tho period 1878-1898 Was loss than that forg
the period 1899-1915. Tho gage rocords show thab the averagel
low-water plane has gradually risen, and as a result tho river chand
nel is more obstructed by silb deposits; {he average annual {lood that]

now causes overflow would, in the cighties, have remained in the
river channel. ‘ !
The gage-height chart (PL. XXIII) shows also the occurrencoe of
sudden floods asido from tho annual riso due to melting snow. Noarly
all these sudden {loods come from Gila River, which joins tho Colo;
rado 11 miles above Yuina. The magnitudo of these Gila floods ha
been lessened somewhat by the construction of tho TRoosovelt dax
on Salt River, bub violent floods still reach tho Colorado ‘fromth
- gource, and these floods will continue to menace irrigation dovelog
ment below Yuma unless they are controlled by storago TI¢ 7OiI]

ey o
et ke N

et e et e

T o 7 P ol

e e

CAPACITY OF CHANNEL. b

When the river rises abovo tho 25-fool stago on the gage aéYuié
overflow ocours within tho limits of the irrigation works of thoFUmt
States Reclamation Servico at that place. If tho flow of thejives
to bo regulated in such a way that lovocs will not bo requied

‘ochargo at Yuma musb bo kept below tho carrying capaciy of .

i
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RIVER CONTROL. 197

il e goge Vst 285 fohs "'l [ollowing Luhls whiows l,hl‘x e
7"(mplwll,y of the river chanmol al Y o for sbagos approgingt-
foob on tho gage, and tho dates on which that stage has been

l DViss

|
‘ Gags l Dis~ ‘!

RATNRY e
i T i “rayrre_ irrpe, S N ‘\\*\\\‘\
i H :
; ! For: re ft. Fe. | Sect.
{ ! i ! ‘ 215 59,200 | May 15,1906 ................ 21,9 46,500
o i L ; ; 25.2 48,9%0 || Dec. 7, 1906. 25.3 60,000
it : Y ‘ | 24.8 49,050 || Apr. 20, 1907 248 41, 500
[ i ) I i i ! 25.2 44,430 || Tuly 24, 1007 24.85 1 82400
! i i : : 24.8 38,192 || Juno 21, 1908.. 24,75 51,700
P e i » it 250 | 40,350 || Juno 22, 1908 2,00 55100
AR NS I - . : 21,9 47,000 || June 2% 1008010011 2.0 500y
i ; ; 25.05 3RE0 N May e, 1w0 T 24.9 35,50
R ! ! 245 147310 5 Tuly 1410w 205 s0.%00
RNEY | o .. ; ; 259 45,050 1| Ma¥y 24, 1010. .10 2.0 70,300
) ! i f 25,0 41,520 || June 19, 10110000000 2075 | 63300
SO : H i : 25.1 40,050 || June 29, 191 21. %0 70,500
v | z: : ! R RS - A R 2.0 37,320 || May 30, 191 25.050 69100
i | o i TR : ' : e 21.95 3%,390 | June 26, 1912. 214.35 78,000
. H A i i :3 Ji [ i X 14 25.5 42,200 1} June 11, 1913. 22.50 62,300
S0 R N ‘ L . S 1 e AT, 0 | May 24 gm0 A 2o TN
RSP , VLT e e i 1 460 | Juane 29, Wt T i 21.20\ 106, 300
[ “oon
; Lo N
The above table brings out the following facts: At a stage of 25

feet on the Yuma gago the carrying capacity of the channel in 1902
was about 60,000 second-feet; in 1903, about 50,000 sccond-feet; in
1904, about 40,000 sccond-feot.  In 1905 the carrying capacity of the
channel was still further reduced by silt brought down by the spring
floods from Gila River. On May 16, 1905, with a gage height of 25
feet tho discharge was 37,320 second-foot. During 1906 the safe car-
Iying capacity was 48,000 sccond-feet. In 1907, 1909, 1912, and 1914
unusually high floods occurred. During these years at tho 25-foot
stago the discharge ranged from 41,000 to 106,000 seccond-feet.
Under natural conditions during the period 1902 to 1914 the carrying
capacity of the river channel at Yuma for the 25-foot stage varied
between 37,320 and 106,000 second-feot. If the river were regulated
the high floods would be prevented and the low-water flow would be
ébnsidcrably increased. These changes would tend to climinate the
scour that occurs during high floods and the silting up during periods
of low flow. It therefore seems reasonable to assume that with the
river under control and a flow moro cqu
of tho channel at Yum
36 50,000 sccond-foot,

v
[}

alized the carrying capacity
a for the 25-foot stage could be maintained

STORAGE REQUIRED.

To determine how much storage would be required to prevent the
floods exceeding 50,000 sccond-feet the daily discharge at Yuma for
the period 1902 to 1915 has been plotted (Pl. XXTV, in pocket).
The volume of discharge above 50,000 sccond-feet must be stored.
From this chart tho following table has been nren )
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annual storage required to maintain a fiow at Yuma not exceeding. 3

50,000 second-fect.

Storage required to maintain a flow at Yuma not exceeding 50,000 second-feet. i"

Acre-feet. Acrefeet. Acrefeet.

1902........... 176,000 1907........... 5,750,000 1912........... 3, 820, 000 .3

1903........... 654,000 1908......... .. 155,000 1913........... 164, 000

1904, .......... 2,320 1909........... 6,330,000 1914..._....... 4, 700, 000

1905........... 2,690,000 1910........... 792, 000 B
1906. .......... 2,770,000 1911........... 1, 300, 000

b

The table indicates that during 1909 it would have been necessary";;'

to store 6,330,000 acre-feet to maintain a flow at Yuma of 50,000
second-feet or less. o 'f

A mass curve of the discharge of Colorado River at Hardyville,
has been prepared for the period 1895 to 1914, inclusive (PL XVII,.
p- 162), by means of which various storage problems can be solved:
approximately. Disregarding evaporation and tho effect of develop-

- ment of irrigation, it is estimated that for the 20-ycar period 1895 to!

1914 amecan discharge of 15,750,000 acre-feet or21,800sccond-feet could!

" have been maintained at Hardyville by utilizing storage reservoirs

with an aggregate capacity of 25,000,000 acre-fect. Such rebmxlutioxv;‘z_
would increase the navigability of the stream and make possible the
maximum use of the waters of the Colorado for power development,,

* It has been conclusively shown by engineers that it is not commercially}

feasible to maintain a channel on the lower Colorado suitablo y.'fqg'
navigation; it is also apparent that thoe regulation of the river for the
benefit of power development would result in a waste of water.  Withs

“out going into further detail it may be said that the regulation of th ,

Colorado to produce a uniform flow is not desirable. The problem'\(;‘g
greatest importance is that of regulating the river to conform to tho;
demand for water for irrigation and of protecting the irrigated aren
from overflow. The storage required to regulate the flow to meet the
demand for irrigation of the 2,730,000 acres of land below Virgin
River could bo estimated with a fair degree of accuracy if there wer
to be no increase in the use of water on the upper reaches of . thy
Colorado. A diagram indicating the storage required under . thi
hypothetic condition is shown in Plate XVII. On tho diagram ¢,
line AFC represents the demand for the irrigation of 2,730,000 acrg
with head-gate duty of 5 acre-fect. To augment tho low-water floy
during the years 1902 to 1906, inclusive, 14,000,000 acre—feetg;%_
storage would have been required. If the demand-line is extendo
back from G, it intersects the mass curve noar A, thus showing th
the reservoirs would fill. o

To make up the losses due to evaporation and other causes. i,
probable that a storage of 18,000,000 acre-feet would be roquir, o
This may be considered a maximum storage requirement, for . i
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- would not bo possible to bring about, this enormous development on
the lower Colorado within a short period of years. Tho development
: Wlll be gradual and will be paralloled by increase in tho irrigated area
in thp Colorado River basin above Virgin River. In another part
+ of this report (p. 158) it has been shown that 980,000 acres were Iijrri-l

gated abovo and including Virgin Rivor in 1913, and that an addi-

if storage reservoirs

 voi . : , will be comparativel
. uniform roturn flow from the irrigated lands. Theso factoxps will no)t:

¢ only reduce the annual run-off availablo for irrieati
g . or irrigation on t
| Colorado but will cause marked changes in the . n tho lowor

STORAGE SITES.

GREEN RIVER BASIN.

FLAMING GORGE RESERVOIR SITE.

General conditions.—From Green River, Wyo., the Green flow
southward through an open country for about 75 I,niles Four mil .
vsouth. of the Utah~Wyoming line it passes into a ¢ : o o
Flaming Gorge, 1 mile below whi
vj‘Canyon. , The dam site for the Flaming Gorge res
:‘k.)wer end of Horseshoo Canyon (Pl XXV, A)
‘river below Flaming Gorge and about 4 miles 1
Henrys Fork."

Dl.mng tho fall {md winter of 1914 tho United States Reclamation
}Sta.rv1ce made detailod surveys of this site. Investigations to det,
mine the charactor of the foundation at the dam s;’tc are not cog;t

in chargo indicato that
6 water surface. The
A dam 210 feet,

' feet on the to
escrvoir capablo of storing 3,000,000 acre-feot, b

Orvoir is near the
. about 3 miles by
miles below the mouth of

thigh would bo 200 feet lon
o ) on tho bott
ind would form g r g 10 bottom and 550

Area and capacily of Flaming Gorge reservoir site, Utah- Wyoming

';"." Contour. . ity |

d r Arca. Capacity. Contour. Area. Capacity
Fect,

Acres. Acre-feet.

Acres. | Acre-feet.

3,500 21,600 | 1,450

5,900 25600 | 1990 000

7,800 29,700 1 2,490, 000
11,100 31,400 [ 3,130, 000
14, 600 40,300 | 3860, 000
18,000 46,700 [ 4,720,000

eI

levation above soa level of water surfaco at dam silo during 1o
N
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Run-off available for %8269|,55 drainage area tributary to’the
Flaming Gorge reservoir site is about 15,000 square miles. ‘I
records showing the run-off from Green River at Green River, ﬂ@
and also from Blacks Fork below ITams For
Wyo., a fairly accurate estimate of the run-off avai
able for mﬁogmo at 35 E:Bm:m Qowmo reservoir

and Bridgeport,
near Granger,

the @89: the intervening %E:pmm area being about amo wpc.E.,

miles.

with fair accuracy the run-off available for storage at HFEEM Qoam
The drainage area above the gaging station on Blacks Fork and tha
on Green River at Green River,
area tributary to the Flaming Gorge reservoir site; the 30 per cen
the drainage area below these stations and above the dam site fo ﬂ
Flaming Gorge reservoir furnishes proportionally much less of g
run-off than the drainage area above the stations; it will therefore |
assumed that the combined run-off at tho two ma&:m stations is 5
per cent of the quantity of water available for storage in the F HFBE

Gorge reservoir site. -

. Annual discharge of Green River at Bridgeport, Utah.!

Acre-feet.
1895, ..ot 1, 860, 000
1896......... .. 2,140,000
1897. e .. 2,510,000
1898. . .oo..... 2, 240, 000
1899, eeenn... 3, 880, 000
1900. . ... e 1, 550, 000
1901........... 1, 880, 000
1902. .o ooeeon.. 1, 480, 000

COLORADO RIVER AND ITS UTILIZATION.

Utah,

. N “ U. S. GEOLOGICAL SURVEY

WATER-SUPPLY PAPER 395 PLATE XXV

75t

m?o can vo made

Wyo., is about 70 per cent o a

A. DAM SITE GREEN RIVER, UTAH.

Acre-feet. 8
1903........... 2,060,000 1911 .......... 1, 790,
1904, .......... 2,690,000 | 1912. .......... 2, 130,
1905. ....... .. 1,440,000 | 1913........ een 2,460,
1906 .......... 2,240,000 | 1914. ....._ ... 2, 52
1907. ... ...... 3,790, 000 . iy
1908. . ooen.. 1, 790, 000 46, 150, 000,
1009 ... ... .. 3, 710, 000 Mean.......... .N» wHon 000
1910 .......... 1, 990, 000

The mean annual run-off available for storage in the Fla
Gorge reservoir site is 2,310,000 acre-feet,
20-year period 1895 to 1914 being 1,440,000
3,880,000 acre-feet. Practically the entire flow could be stored withs
out muom&.mism with prior rights v&oi.

run-off during the

of ?B._om in the vicinity of Browns HVS.W. p_go:mw suitable ?&E
places could no doubt be found. -

the variation in the annu:

as SSS are few w.ammao.

¥ The record for the years 1895 to 1911, inclusive, Is based on the discharge records showing the
of Green River at Green River, Wyo., and of Blacks Fork, below Hams Fork, near Granger, $€o
sum of the flow at these stations was assumed to be 85 per cent of the flow at Bridgeport, Utah. “Breaks ]
in the record for the two stations in Wyoming were filled in by noting the run-off at other stations in th k
The records for the years 1912 to 1914 were obtained at Bridgeport, Utah. The mean H
for the 20-year period is probably accurate within 5 per cent.

Green River basin.

B. JUNCTION OF GREEN AND GRAND RIVERS.
Green River at left, Grand River in center, and Colorado River at right.
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) Value of site.—The Flaming Gorge reservoir sito is near the hoad- i
Tl . waters of Green River, where tho stream is comparatively clear. The il
3 . . . E F"
rec - capacity of the reservoir would probably not be seriously reduced by s
an . the deposition of silt. Bedrock has been found at the dam site 60 ér
: ne 170 feet below low-water lovel. There is a natural spillway site atla
ab ¢ low saddle a mile above the dam site, The area that would be sub-
Be ¢ merged is mostly vacant public land, and little agricultura] land
Ut . .. would be flooded.! .
th Of the smaller reservoir sites the Flaming Gorge appears to be the
mi -most valuable in the Colorado River basin. Its chief value would
wi come from its operation to increase the low-water flow for irrigation
Tt . - on tho lower Colorado and to oqualize the flow of Green River in the :
on " interests of power development. TIts use would not reduce materially ey
ar the floods on the lower Colorado.
th BROWNS PARK RESERVOIR SITE. ,
Tl g . o i
- * (eneral conditions.—Browns Park is a small valley on Green River S i
i as - in northeastern Utah and northwestern Colorado. The valley is B
p‘e’ - about 35 miles long and more than a mile wide, The Green, after e
' Ge ; 4l passing Browns Park, flows into Ladoro Canyon. Investigations S
o3 x . M -
f ‘44 made by thoe United States Reclamation Service show that 2,520,000
| . o L
- 4§ acre-feet of water could be stored by raising the water lovel 200 fect
i ~at the upper end of Ladore Canyon.? At the dam site the bedrock
f 18 lies 160 feet below the mean low water., A planc-table survey of the
18 - reservoir site was made from which the following data were obtained:
18
! 18 Area and capacity of Browns Park reservoir site.
18
19 Elova- Eleva-
N 19 leht of d Yon of Total Teight of 4 St Total
H t am water 'otal eight of dam water 14
19 € g(feet?). surface Area. capacity. %feet). su:faco Arca. cap(:)lt?ity. :
3 . above sea ahove sea) o
: - level. level.
d ) Fert. Acres. | Acre-feet. Feet. Acres. | Acre-feet. i
! G 5,180 |..ooo... | 5,200 | 13,403 |~ 834 980 v
8 5,190 312 1,560 5,300 | 14,573 | 975 860 o
‘ o 520 2,540 15,860 5310 | 15,619 | 1,126,820 o h
| . 5,210 5,993 58,570 5,320 16,803 | 1,288,930 .
; 3 5,920 7,447 | 125,770 5,330 | 18,157 | 1,463,739 T
’ 5,250 | 8,161 203,81p 5,340 { 19,315 | 1,651,000 o
ol 5,240 8,830 | 288)81p 5,35 | 20,515 | 1,850,210 . .
b A 5,250 9,657 381, 290 5,360 21,773 | 2,061,680
; i 5,260 | 10,413 | 461,640 5,370 | 22,027 { 2,285 180 P
i 5270 11,277 %0940 5,380 |...0.0 00 22, 520, 000 Ca A
K . V 5,280 12,279 707,570 "
| - ‘
i ol @ Approximate.
| p. '
f - Run-off available for storage.—TRecords obtained at the Bridgeport
L of - gaging station on Green River, at the upper end of the Browns
i su t Park reservoir site, show all the run-off available for storage except :
| in ) g ,
‘ - :
| el . See discussion of artificial fertilizers, pp. 182153, i
| fo; M 2 Nowell, F. I1., Colorado River projects: U, S, Recl. Service Seventh Ann. Rept., p. 58, 1908, bt
j :
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a small flow from Vermilion Creck, which joins Green River abov
Ladore Canyon. Records obtained at Bridgeport, Utah, Green
River, Wyo., and Granger, Wyo., indicate that the minimum annual

run-off available for storage at the Flaming Gorge reservoir site is

1,440,000 acre-feet, the maximum 3,880,000 acro-feet, and the mean
2,310,000 acre-feet. Adding to these results 2 per cent gives a
fairly accurate estimate of the storable run-off at Browns Park, dr a
mean annual run-off of 2,360,000 acre-feot.

Value of site.—The Browns Park reservoir site is about 60 miles
below the Flaming Gorge site. Its use in connection with the con-

trol of Green and Colorado rivers would be no more effcctive than .
the use of the Flaming Gorge site. The dam site in Horseshoe -
Canyon is better than the dam site in Ladoroe Canyon. TFor a given

height of dam the Flaming Gorge site gives greater storage capacity;
Vermilion Creek would carry considerable silt into the Browns Park
reservoir, whereas the river at Flaming Gorge is comparalively free

from silt. There arc other reservoir sites lower on Green River -

which can be utilized when complete regulation of tho flow of Green
River is desired. e

In view of these facts the Browns Park rescrvoir site may be con- -

sidered of no value in connection with the problem of regulating
the flow of Green and Colorado rivers.

CROSS MOUNTAIN RESERVOIR SITE.

General conditions.—Tho Cross Mountain reservoir site is in May-
bell Valley on Yampa River in Moffat County, Colo. Tho dam site
is at Cross Mountain, 7 miles above the mouth of Littlo Snake River.
A 200-foot dam at this point would probably give a reservoir capacity
of 4,000,000 acre-feet, which is four times the averago annual run-off
of Yampa River at tho site. If this reservoir site were utjlized
about 20,000 acres of agricultural land would be submerged and
the village of Maybell would be flooded.

Run-off available for storage—By using the records showing the
run-off of Yampa River at Craig and Maybell, Colo., and of Williams
Fork at Hamilton, Colo., the mean annual run-off of Yampa River
at Maybell has been estimated at 1,100,000 acre-fect, tho range in
tho annual run-off being from 940,000 to 1,400,000 acre-feet. A

reservoir having storage capacity of 600,000 acre-fect would be

sufficient to control the flow of Yampa River at Cross Mountain
Canyon.

Value of site—Although the capacity of the Cross Mountain
resorvoir is very large tho run-off available for storagoe is compara-
tively small, and the damage to property by the flooding of the town

of Maybell and about 20,000 acres of agricultural lands would bo con--

siderablo. The route of the proposed Donver & Salt Lake Railroad,

ik
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now completed from Denver to Craig, is through Maybell Valley
;- and Cross Mountain Canyon and would have to be changed if this
. reservoir site should be developed.

In view of the above data and of the fact that there is another
rosorvoir site immediately above the Cross Mountain site, it may

"be concluded that the Cross Mountain site should not be considered

i connection with projects to control the Colorado.

JUNIPER MOUNTAIN RESERVOIR SITE.

General conditions.—The Juniper Mountain reservoir site is on
Yampa River in Moffat County, Colo., the dam site being in Juniper

Canyon, about 6 miles above Maybell. This reservoir sito has

been investigated by the Kindred Power & Irrigation Co. A dam
175 feet high would form a reservoir having a storage capacity of
about 600,000 acre-fect or sufficient to equalize the flow of Yampa

River to the mouth of Little Snake River. The capacity of a reser-

voir formed by a 200-foot dam would probably excood 1,400,000
acre-fcot. ‘

Run-off available for storage.—As the Juniper Mountain reservoir
site is immediately above the Cross Mountain site tho estimate of
run-off available for storage at Cross Mountain is applicable at
Juniper Mountain. The mean annual run-off for the period 1901
to 1910 was about 1,100,000 acre-feet.

Value of site.—A reservoir at the Juniper Mountain site would
submerge a comparatively small area of agricultural land and would
not interfere with the proposed oxtension of the Denver & Salt
Lake Railroad from Craig, Colo., to Salt Lake City, Utah. In
view of the possibility that at some future date it may be found
desirable to equalize the flow of Yampa River in the interests of
power development in Cross Mountain Canyon, the feasibility of
constructing a dam in Juniper Mountain Canyon should be decter-
mined by a thorough investigation.

ISLAND PARK RESERVOIR SITE.

General conditions.—The Island Park reservoir site is on Green
River in Utah, about 6 miles below the mouth of Yampa River and

. immediately above Split Mountain Canyon. Investigations® made

by the United States Reclamation Service indicate that a dam 100
feet high in Split Mountain Canyon would create a reservoir having
a storage capacity between 130,000 and 150,000 acre-fect. '
 Run-off available for storage—X¥ragmentary records summarized
in the following table show that run-off of Green River at Jensen and
Ouray, Utah, which is about the same as at Split Mountain Canyon.

1 Colorado River projects: U, 8. Recl. Service Seventh Ann. Rept., p. 58, 1908.
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1902 ........ 3,490,000 | 190 ........ 4; 640, 000
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The mean annual run-off for the 20-ycar period 1895-1914 Was

Discharge of Gm@ River at Ouray, Utah, 1895 to 1914.! 5,480,000 acre-fect, the minimum being 3,490,000 acre-foet, in 1902,

‘ Acte-feet. Acre-fect., Acre-feet. and the maximum 8,890,000 acre-feet, in 1907." The average annual

1895. ... 8,210,000 | 1903.......... 3,650,000 | I911........... 3, 080, 000 " run-off from Price RIVGI was about 180,000 acre-feet. This quantity

1896......... 3,690,000 | 1904. ........ 4,570,000 | 1912, ........ 3, 670, 000 d f ! 1

1807, .. ...... 4,330,000 | 1905. ........ 2,480,000 | 1913 ........ 3,850, 000 deducted from the mean flow of the Green at Green River, Utah,

1898......... 3,860,000 | 1906. ........ 3, 860,000 | 1914. ........ 4, 770, 000 gives the mean annual run-off available for storage at the Minnie

1899. ........ 6,700,000 | 1907 ........ 6, 520, 000 9. 510. 000 Maud reservoir site, or 5,300,000 acre-feet. As the irrigated areca
‘ igg(l) """"" 3’ Szg’ ggg iggg -------- 3’ 233’ %g Average 3 980,000 M- abovo tho reservoir is increascd tho storable run-off will be reduced.

-------- y <2V, Seseceen. ) ] et ’ ! i ‘ -
1902, 2, 550,000 | 1910, ... 3, 430, 000 The storage capacity at this site is about 4,000,000 acre-feet, which,

with tho utilization of other storage sites abovc would be more tha.n
sufficient to control the flow of Green River to its mouth.

Value of site.—~The Minnic Maud reservoir site appoars to be see-
ond in size in the Colorado River basin. The tributary drainage
area is about 38,100 squarc miles. The maximum floods which

- pass the site exceed 60,000 second-fect. Owing to tho location and
" capacity of this sito its utilization would have an appreciable effect
on tho flow of tho lower Colorado. If the conditions at the dam site
- aro favorablo for the construction of a 200-foot dam, it would scem
cortain that the Minnio Maud reservoir sito will be of value in con-
nection with any plan for the control of water for tho lower Colorado
basin.

Value of site.—Tho capacity of the Island Park reservoir site is
small, and in viow of the fact that larger sites are availablo both
abovc and below it scems evident that Island Park is valucless for use
as & reservoir.

MINNIE MAUD RESERVOIR SITE.

General conditions.—The Minnie Maud reservoir site is on Green
River in the upper end of Desolation Canyon, the dam sito being 1-
mile below the mouth of Minnie Maud Creek. A topovmphlc survey:
was mado of this site in 1908 by Guy Sterling, consult,mg ongineor, of -
Salt Lake City, Utah, whose investigations were mado in connoction
with a power project. A dam 120 feet high would be 600 fcot long on
bottom and 1,200 feet long on top and would give a storage capacity
above the 90-foot lovel of 1,000,000 acre-fect. With these data tho
writer has estimated that a reservoir capable of storing 4,000,000
acre-feet could be made by constructing a dam 200 feet high. The:
backwater would extend up Green River to Jenscn, up Duchesne
River 20 miles, and up White River 17 miles.

Run-off available for storage.—The storable run-off at the Minnio
Maud reservoir site has been computed by deducting the flow of Prico -
River from that shown by the records of run-off for Green River at
Green River, Utah.

RATTLESNAKE RESERVOIR SITE.

General conditions.—Tho Rattlesnake reservoir site is on Groen
River, in Desolation Canyon, immediately below the Minnio Maud
. site. A reconnaissance examination was made by Guy St.erhng, con-
_sulting engineer, Salt Lake City, Utah. Thoe dam sito is about 3
~miles abovo the mouth of Rattlesnake Creek and aboub the same
distance abovo tho effoct of backwater from the proposed diversion
dam for the Green River irrigation project at the mouth of Coal
Creek. A dam 165 fcet high Would be about 1,200 feet long on top
and about 750 feet on the bottom. The capacity of tho reservoir
above the 90-foot lovel was cstimated at 800,000 acre-feet. The
total capacity of a rescrvoir formed by a dam 165 foet high would
be about 1,250,000 acre-feet.

Discharge of Green River at Green River, Ulah, 1895-1914.2

Acré-teet. Acre-feet. Acra-feet;
1895. ... ..... 4, 350, 000 | 1903. ........ 4,830,000 | 1911......... 4, 200, 000 . ~ Run-off avmlablc Jor storage. —The mean annual storable run-off at
1896......... 4,170,000 | 1904. ........ + 5,200,000 | 1912. ........ 6, 220, 000" ;3= the Rattlesnake reservoir site is the samo as that at tho Minnic Maud
1897......... 6, 250, 000 | 1905. ........ 4,000,000 | 1913......... 5, 360, 000 ‘ 31t,e or 5,300,000 acre-fect.
;ggg g: ?ggzggg iggg v g: ;gg: 888 1904 e 7, 080, 000..1 Value of site.—Tho flow of Green River can be controlled to its
1900 ........ 3,720,000 | 1908. ... ... .. - 4,220,000 109, 600, 000 . ¢ mouth by mecans of reservoirs at the Flaming Gorge and Minnie
1901......... 4,420,000 | 1909......... 8 680,000 | Average..... 5,480,000 . Maud sites. The capacity of tho Rattlesnake reservoir sito is com-

paratively small and the cost of storage at this point would probably
- be high. The site may therefore prove to be of little value in con-
nection with the control of the Colorado; it has, howevcr, possible
~ valuo for the development of power, and for this purpose is worthy
i of thorough investigation,

1 The record for 1904 was obtained at the Jensen gaging station; that for 1913 and 1914 was obtained at
the stations at OQuray and Jensen. Estimates for the remaining years are based on the flow at other gaglng
stations in the Green River basin,

* 3 The run-off for the years 1898 to 1904, inclusive, is estimated from records obtained at other stations in
the Green River basin; that for the remaining years is estimated from data obtained at the gaging stntions
on Green River at Green River and Little Valley, Utah,
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GREEN-GRAND RESERVOIR SITE. arca of tho Colorado River basin. Tho averago annual run-off at

" the junction of the Groen and Grand is 76 per cent of that of Colo-
-~ rado River at Laguna dam. The dischargo of the Colorado below
* this junction has been measured only at Hardyville and Yuma, Ariz.
A fair estimato, howover, can be made by using the records shotving
tho run-off at Green River, Utah, San Rafacl River near its mouth,
and of Grand River and its lower tributaries. Tho run-off of Greon
River at Groon River, Utah, for tho period 1895 to 1914 is tabulated
. on pago 204 in connoction with the discussion of tho Minnio Maud ros-
- ervoir site. To detormine tho run-ofl of the Green at its mouth it is
necessary to add the flow from San Rafacl River. Rocords showing
tho run-off of the San Rafacl near its mouth for the years 1909 to
. 1914, inclusivo, have been used to determine tho relation between
. the run-off of San Rafael River and that of Green River at Groon

General conditions.—Tho Green-Grand reservoir site is at the junc-
tion of Green and Grand rivers, in southeastern Utah. A view of.
the junction is shown in Plate XXV, B (p. 200). By constructing a -
dam in the canyon of Colorado River just below this junction a reser-
voir of cnormous storage capacity could be created. During the.

‘summor of 1914 the United States Reclamation Service made s
planc-table survey of Green River from Gunnison Butte to its mouth,
and in 1912 the topographic branch of the United States Geological
Survey made a survey of Grand River. The following table is based
on the data furnished by these surveys: '

Area and capacity of Green-Grand reservoir sile, Utah.

Contour (feet). Area. | Capacity. Contour (feot). Area. | Copacily. - River, Utah. Tho annual run-off of Grand River at its mouth was
Acre-fect. Acre-feet, - estimated by using tho discharge records of tho Grand at Moab, Utah,

ROt AR TIS LIRS 5500 3 550, o0 and Fruita and Palisades, Colo., of Gunnison Rivor at Whitewater
30%0. o 5,550,000 and Grand Junction, Colo., and the run-off records for Doloros River
3000. Sa0, 000 e + at Dolores, Colo., and for San Miguel River, a tributary of the Dolores,
5. Wit ) 00,000 ~at Fall Creek and Placorville, Colo. Tho figures in the following

tablo aro sufliciently accurato to indicato tho annual run-ofl availablo

a Elevation above sea level of water surface at dam site during low stage. for s f:OI‘&gO ab l}hO GI'OOH- Gran d FeSOrVoIr si to:

By raising the water lovel 270 feet at tho Junction of Green and " Annual discharge of Green, Grand, and Colorado rivers al the Junction of the Green and

Grand rivers a reservoir having a storage capacity of 8,600,000 acre- Grand.

feot could be created. The backwater would extend up Green River

127 miles and up Grand River 110 miles, and would submergo the Year, Groen | Grand | Colorado Year. Green | Grand | Colorado

towns of Moab and Green River, Utah. If the water level at the - ) ) ) ' ) '

junction were raised 170 feet the backwator would extend to the - Acre-feet. | Acre-fect. Acrefeet. | Acre-feet. | Acre-feet.

Denver & Rio Grande Railroad bridge at Green River, but. the.’ gigoo:% f?;?gno,'% 23«?3% ngg&% 1;;%28;%

town of Moab would be flooded. Tho reservoir formed by a dam ?gclgomm)? 1073600, 000 3:33&%’ 5,830,000 ig:%&%

170 fect high would have a storage capacity of 2,900,000 acre-foot. - 2;328;8‘0.’? }3;388;,%’8 ?s iégj% gj?ggj% ﬁig%:%
During the fall of 1914 the character of tho foundation at the dam Z%%’ 1 %0, 000 7350, 000 % 00, %00 16,000,000

site was investigated by engineers of the United States Reclamation 3,3?3% %33383"0)8 20-year -

Service. Diamond-drill holes bored at four points showed the con- ; ??s%% 12238%) average.| 5,680,000 | 6, 720,000 | 12, 400,000

ditions to be unfavorable for the construction of a high masonry
dam. It may bo found feasible, however, to construct a rock-fill
dam, the spillway to be through tunnels from Green River to Colo-
rado River, where the distance between the rivers is 2,600 feot. A
dam 270 fect high would be 1,260 feet long on top and 620 feet on
the bottom. ' _ i

Run-off available for storage.—The drainage area tributary to the
Green-Grand roservoir site comprises the area drained by Green
and Grand rivers, 44,400 and 25,900 square miles, respectively, tho
combined aroa, 70,300 square miles, being 28.8 per cont of the total

The table shows that the mean annual run-off available for storage
. at the Green-Grand reservoir site for the 20-year period 1895-1914
§ Wwas 12,400,000 acre-feet. The minimum flow, 7,880,000 acre-feet,
1 occurred in 1902, and the maximum, 17,500,000 acre-feet, in 1909.
- The monthly mean flow of the Colorado at the junction of the Green
. and the Grand for the period October 1 » 1913, to December 31, 1914,
is shown by the following table:




of Colorado River at Yuma could be regulated in such a way that

- day period was 86 per cent of that at Yuma during June. By cutting.
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Monthly discharge of Colorado River at Jjunction of Green and Grand rivers Jor the period

Oct. 1, 1913, to Dec. 31, 1914.0 48 These data are submitted to show that this site is not only properly
~ 4 located but that its capacity would be sufficient to make possible a
3 fairly complete regulation of the flow of Colorado River at Yuma,
Ariz.  The utilization of the site in conjunction with tho proposed
. reservoir on San Juan River at Bluff, Utah, would make it possiblelto

Discharge in second-feet. o

Run-off .
Month. (totalin - 5
Maximum. | Minimum. | Mean, | 8cTe-feet). .

SR AL

1913-14.

OCtOber. .....veeei 8,810 6,730 | 7,680 472,000 - 12 . regulate the flow at Yuma m such a way as to prevent all overflow below
- Dao|  gae| Dow w00 - Bulls Head Rock and to increase the low-water flow sulliciently to
5 0| Bl o irrigate nearly 2,000,000 acres of land not now reclaimed.
55,000 | 1040| Brree 1,350,000 If reservoirs at I'laming Gorge on Green River and at Kremmling
101, 000 27,900 63,900 3,930, 000

on Grand River had been in operation during 1914, the peak flood

20, 52,700 | 84,600 | 5,030,000 ’
52,300 | a0 oo ¢ flow at Yuma in June could have been reduced from 137,000 to 105,000
10,300 S0) wuo| 4Bow . M second-feet. Itis apparent that the high floods on thelower Colorado
ThOYOAr. v T 15, 900, 000 . can not be completely controlled by mecans of these twosites. If these
October. ........oee....... e 17,400 7,00 | 10,300 633,000  floods are to bo prevented the dams must be placed at or below the
November. ..............o.o. il 8,380 5,120 6,440 383,000

Decomber A 8380 ari0| 415 355000 - junction of Green and Grand rivers and on lower San Juan River.
................................................ , :

. Although the conditions at the junction of the Green and Grand are
- unfavorable for the construction of a high masonry dam, another type
“of dam, possibly a rock fill or combination of rock fill and masonry
dam, might be practicable. With the data available at the present
- time it appears that excessively high stages on the lower Colorado
- can not be prevented without using the Green-Grand reservoir site,
and therefore before it is abandoned every phase of the project should
be investigated. The value of an acre-foot of stored water must be
known before anyonc can properly pass on the feasibility of complet-
/ing & dam at the junction. For example, assuming that each acro of
- new land on the lower Colorado will require 5 acre-feet of stored water
- and will stand a chargo of $25 for storage works, without considering
the enormous valuo of storage at the junction for flood prevention, a
- reservoir operated to increase the low-water flow for irrigation alone
-would warrant an expenditure of $5 an acre-foot, or $43,000,000.

At present only meager data are available showing the amount
of silt carried by Green-and Grand rivers.! If the silt brought down
‘annually by the Green and Grand is equivalent to 10,000 acre-feet, of
submerged mud, then the Green-Grand reservoir site, with a capacity
of 8,600,000 acre-feet, would be completely filled with silt in 860 years,
% if all of the silt were to be retained. All this 10,000 acre-feet of mud
¢ would, however, not remain in the reservoir, for the 10,000,000 to
5 14,000,000 acre-fect of water that would pass through the reservoir
¢ annually would undoubtedly carry from the reservoir considerable
¢ silt. It scems probable that the reservoir could be operated 500
= years before its capacity would be reduced 50 per cent.

+  If the vast irrigation interests on the lower Colorado are to be pro-
- tected and if the river is to be regulated in such a way as to make pos-

@ This table is based on rocords showing the discharge of Green Rivoer at Little Valley, San Rafael River
near its mouth, and Grand River at Moab, Utah.

The maximum discharge in the poriod covered by the foregoing -
table—120,000 second-feet—occurred in June, 1914, and though the
floods of that year were unusually high, more excessive stages have
been recorded on both rivers, which are usually in flood about the
same time. A rough estimate indicates that the flow immediately
below the junction of the rivers during the heavy floods in May,
1897, exceeded 130,000 second-feet. ' ‘

Value of site.—By utilizing the Green-Grand reservoir sito the flow.

the maximum flood would not exceed 50,000 second-feet. Rarely
would there be sufficient flow from San Juan River and other tribu-
taries to create a discharge at Yuma excceding this amount if the
entire flow at the junction of Green and Grand rivers was cut off. i
For example, the mean discharge at Yuma for the month of June, " .
1914, was 110,000 second-feet. The peak of this flood, which oc-
curred June 14, was 137,000 second-feet. The mean discharge of the
Colorado at the junction of Green and Grand rivers was 94,100
second-feet during the 30-day period beginning May 22, and the peak
flood, which occurred June 3, was 120,000 second-feet or 88 per cent
of the peak flood at Yuma. The mean flow at the junction for the 30--

AR ST

off the entire flow at the junction of the Green and Grand the flood of ‘
137,000 second-feet at Yuma could have been reduced to about 17,000
second-feet and the mean flow to 16,000 second-fect. During the 7%
same 30-day period 5,600,000 acre-feet of water would have been . k-
available for storage at the Green-Grand reservoir site.

18ee discussion of silt below junction of Green and Grand rivers, pp. 223-226,

21022°—wsr 305—16——14
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sible the maximum development of irrigation, thon the Grcon-Gran_d
reservoir or its equivalent must be utilized. It is probable thaf: if it
is physically possible to build a safe dam on the Colorado at the junc-
tion of these rivers with an expenditure of $43,000,000 or less the
undertaking will prove commercially feasible at some future date. On
account of its location and capacity, the Green-Grand site is the most
valuable in the Colorado River basin. R

GRAND RIVER BASIN.

EKREMMLING RESERVOIR SITE.

General conditions.—The Kremmling reservoir sito is near the head-
waters of Grand River in Grand County, Colo. "By constructing a
dam in Gore Canyon 180 feot high more than a million acro-feet of
water can bo stored, and with a 230-foot dam tho capacity of the
reservoir would be nearly 2,200,000 acre-fect. o :

During the summer of 1905 tho Kremmling reservoir site was
investigated by the United States Reclamation Service.! A plane-
tablo survey was mado of the basin and borings with a diamond drill
- outfit were made at the dam site. Conditions aro favorable for t.he
construction of a high masonry dam. The canyon at the dam site
measures about 170 foet between walls at the water level and about
350 feet at the crest of the dam. ‘ Lo

RN e T

Area and capacity of the Kremmling reservoir site. ” “

Contour (feet). Area.

22,020 | 2,199,350 -

.

10,948

B

Run-off available for storage.—The run-off per square mile from th
2,380 square miles of drainage area tributary to the Kren}mlmg ros
ervoir site is very high. From records obtained at a gaging statio
- established in Gore Canyon near Kremmling, Colo., in July, 1904,
a mass curve was prepared for the years 1905 to 1913, from which it .
was found that theoretically a uniform flow of 1,670 second-foob
could be maintained in Gore Canyon with a storage of 1,100,000 acre
feet. After allowing for losses due to evaporation from the wate
surface in ‘the reservoir, it appears that a uniform flow of 1,‘60,
second-feet could be maintained to the mouth of Eagle River. - * :
Value of site.—The Kremmling is the only large storage reservoir-
site in the Grand River basin. The possibilities of irrigation in this

' U, 8, Recl. Service Fourth Ann. Rept., Pp- 121-124, 1906,

- several proposed schemes.
developed in Gore Canyon; the low-water flow at the Shoshohe

* waters of Dolores River, near Dolores, Colo.

Capacity. Contour (feet;). Area. | Capacity. o
Acre-feet. Acres. | Acre-feel, 3
/140 o400, i, 12,811
21,390 14,739
94, 050 15,805 :
6,998 215, 585 17,108 | 1,404,380
8,948 375,050 19,737 1,772,785

. acre-feet could be obtained.

i3

. ably be excessive.
»the site is practically valucless.
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basin are small, and though no largé amount of storago will be

~ required to regulate the flow to conform to the demand for irrigation

the construction of the Kremmling reservoir would materially benefit
About 60,000 brake horsepower could be

power plant on Grand River near Glenwood Springs, Colo., could
be considerably increased; there would be no danger of a shortage in
the water supply for irrigation in the vicinity of Grand Junction;

¢ and any shortage on the lower Grand that might be due to diversion
- from tho Grand River basin to the eastern slope through the Con-
] It is believed that the Kremm-
. ling reservoir could be operated in the interests of power develop-
- ment without interfering with the demand for water for irrigation

tinental Divido would be cared for.

m the vicinity of Grand Junction. Although tho floods on lower

- Grand River would be reduced only from 60,000 to about 40,000

second-foot, the operation of the Kremmling reservoir would tend to
oqualize tho flow of the lower Grand, and slightly less rogulation
would thereforo be needed on the lower Colorado River. Unfor-

© tunately, the Denver & Salt Lako Railroad was constructed through
» the Kremmling reservoir site, and if this site is utilized the position
- of the railroad must be changed. ‘

In view of tho above facts the Kremmling reservoir sito appears

. to have considerablo value, its chief importance being in relation to

proposed developments in the State of Colorado.
DOLORES RESERVOIR SITE.

General conditions.—The Doloros reservoir site is near the head-
It was examined by

. the United States Reclamation Servieo during the summer of 1914,
. By constructing a 230-foot dam on Dolores River 2 miles below the
¢ mouth of Beaver Creck a rescrvoir having storage capacity of 315,000

The backwater would extend to the

- Montezums, Valley dam and flood 3,680 acres. The average annual
; run-off available for storage is about 300,000 acre-feet.

Value of site.—Tho storagoe site may be of value at some future date
in connection with the regulation of the flow of Dolores River for the

. development of power, but its value for the development of irriga-

tion is doubtful, as the cost per acre-foot of water stored would prob-
: In connection with the control of Colorado River

BEDROCK RESERVOIR SITE.

General conditions.—The Bedrock reservoir site is on Dolores River
- at the town of Bedrock, Colo. » the dam sito being about 3 miles below
' Paradox Wash and about 4 miles below Bedrock. An investiga-

i

L




. usoc is remote.

. high the capacity of a reservoir at this sitc would bo 230,000 acre-fect.

45
W

\
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tion’ made- by the United States Reclamation Servico during ¢
summer ‘of 1914 indicates that a dam 235 feet high would form'
reservoir having a storage capacity of 1,330,000 acre-feet and ﬂoodiﬂg%
?,bout 12,700 acres. The average annual run-off available for storage
is a little more than 300,000 acre-feet. Tho entire run-off of Dolores
River for a period of four years would bo required to fill the reservoir,

Value of site—The Bedrock reservoir site is of no value in connoe-
tion with the control of Colorado River and probably has no valuo for
any feasible irrigation developmoent. It may, however, be utilized
in connection with power projects on lower Dolores River, but such

MISCELLANEOUS RESERVOIR SITES.

In the Grand River basin are hundreds of small reservoir sitcé, many
of which will bo utilized in future developments of irrigation and
power. In water district No. 42, for cxample, which embraces only a
small part of the Grand River basin in Colorado, filings have been
mado on 261 reservoir sites ranging in capacity from onc-third of an
fxcrc-foot to 40,000 acro-feet. The aggregate capacity of all the sites
1s 235,000 acre-fect.

Only tho more important of the small sites are hero deseribed. -

“Grand Lake reservoir site.—At Grand Lake, near the hoadwaters of
Grand River in Grand County, Colo., a dam 20 feot high would create
a reservoir that could store 140,000 acro-feet of water.

Lehman reservoir site.—The Lehman reservoir sito is at tho junction

of the North and South forks of Grand River. With a dam 165 feet

Williams Fork reservoir site.—A 200-foot dam on Williams Fork,
a tributary of Grand River, would give a storage capacity of 80,000
acre-feet. ‘ ‘ Co

Windy Gap reservoir site.—The Windy Gap reservoir site is at the
conflucnce of Fraser River with Grand River. A dam 135 feot high-
;vould croate a reservoir whose capacity would be about 100,000 acre-

eet.

Taylor Park reservoir site.—The Taylor Park reservoir sitc is on Tay-
lor River, a tributary of Gunnison River, 24 miles northeast of Gun-
nison, Colo. The storage capacity of a reservoir formed by a dam 160
feet high would be 106,000 acre feot. This sito has been investigated
by the United States Reclamation Service and may be utilized to
increase the low-water flow available for the Uncompahgre project.

SAN JUAN RIVER BASIN,

BLUFF RESERVOIR SITE.

General comzitions.—_The Bluﬁ’ reservoir site is on San Juan River
near Bluff, Utah. A plane-table survey of this basin made by the

' United States Reclamation Service in tho summor of 1914 shows
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that by constructing a dam 214 fect high on San Juan River about 1
mile below the mouth of Chinle Creck a reservoir capable of storing
1,600,000 acre-feet would boe created and about 20,000 acres would be

“flooded. The canyon walls at the dam site are precipitous, and the
- construction of a dam 264 feet high, giving a reservoir having !a

storage capacity of 2,600,000 acre-feet, might be feasible. The
small village of Bluff would be submerged if this site were used, but
only a small area of agricultural land would be flooded.

Run-off available for storage—A gaging station was established
near Blufl, Utah, October 30, 1914, to obtain data concerning the
storable run-off at the Bluff reservoir site. A rough estimate pre-
pared by using the records showing the discharge of the San Juan
at Farmington and Shiprock, N. Mex., La Plata at La Plata, N. Mex.,
and Mancos River at Mancos, Colo., indicates that the average annual
run-off of San Juan River at Bluff is about 2,300,000 acre-feet.
During years of low flow the run-off may be as little as 1,500,000
acre-feet. The maximum annual run-off appears to be in excess of

" 3,000,000 acre-fect.

Asido from the annual rise due to melting snow, the San Juan is
subject to violent floods during the fall months. On September 5
and 6, 1909, heavy and continuous rains in the San Juan drainage
basin caused the river to rise from 1,500 sccond-feet to more than
40,000 sccond-feet in 48 hours; and a heavy rain during the
period September 25 to October 6, 1911, caused the highest flood
over recorded on the lower San Juan. At Shiprock, N. Mex., during
the later flood, the river rosc to over 22 feet on the gage, or 18 to 20
feet above low-water stage. The gage was washed out, but engi-
neers of the Survey estimated the discharge to be 150,600 second-fect.
The data available were meager, and it is probable that this estimate
is too high.

Value of site.—1f the flow of the lower Colorado is to be regulated
to mect the demand for water for irrigation, or if the floods at Yuma

-aro to be reduced to 50,000 sccond-feot or less, a reservoir on lower

San Juan River must be utilized.
If the construction of a reservoir at the junction of Green and
Grand rivers proves feasible, the operation of this reservoir in con-

junction with other reservoirs on Green and Grand rivers would effect

the desired regulation at Yuma without storage on San Juan River
during the years of average run-off. Ior example, during 1914, the
maximum {lood on San Juan River was about 21,000 sccond-feet
and occurred June 2. During that yecar the regulation desired at
Yuma could have been obtained without storage on San Juan River.
However, this river is subject to ocecasional violent floods which
might causc enormous damage on the lower Colorado. The sudden
floods could: probably be prevented from reaching the Colorado by




-

coﬁstruéting tho Bluff reservoir to a capacity of 600,000 &cre:h'

- would therefore not be endangered by tho large amount of silt carried

The profilo of this section of the river indicates that the backwater
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The flow of the San Juan could no doubt be passed throughf ‘the;
reservoir for a period of 9 to 12 months each year. If only the peak]
floods were stored and all flows of 25,000 second-feet or less were 3
allowed to pass the reservoir the amount of silt that would be de-
posited in the reservoir would be small. The life of tho reservoir %

by the river. Unquestionably the Bluff roscrvoir site on lower
San Juan River will prove of value in connection with the control of
Colorado River. .
'  TURLEY RESERVOIR SITE.

General conditions.—In connection with his project for the recla-
mation of 1,225,000, acres on San Juan River in Now Mexico, Mr. J,
Turley filed on a reservoir site on this river below its junction wi
Los’ Pinos River. According to the papers filed by him, a dam 2005
feet high would be 6,800 feet long on top, 2,070 feet on the bottom,?
and tho reservoir formed would have a storage capacity of 1,640,000
acre-feot. The average annual run-off available for storage at this’
site is in excess of 1,000,000 acre-feet. ' s

Value of site.—Although there are thousands of acres of good land ;
susceptible of irrigation from San Juan River the cost of constructing
the Turley dam may render the project unfeasiblo. F

DURANGO RESERVOIR SITE,

The Durango reservoir sito is on Animas River about 3 miles abové
Durango, Colo. A dam 100 feet high would creato a storago reservoi
having a capacity of 500,000 acro-feet. Tho run-off available fo
storage ranges from about 500,000 to more than 1,000,000 acre-fee
annually. This site may prove valuable for the purpose of regulatin
the flow of Animas River in the interost of futuro development o
irrigation. ‘

COLORADO RIVER.

COLORADO-SAN JUAN RESERVOIR SITE,

General conditions.—The Colorado-San Juan reservoir site is in Glen
Canyon on Colorado River in northern Arizona and southern Utah, i3
By constructing a dam at the head of Marblo Canyon, a fow miles™
below the mouth of Paria River, to a hoight of 244 feet, a reservoir
capable of storing 3,000,000 or 4,000,000 acre-feot would be formed.

would extend up the Colorado 186 miles, or to the mouth of Fromont
Rivor, and up the San Juan 14 miles; in other words, 200 miles of
canyon would be occupied by tho reservoir. No ficld oxamination %
has been made and the site is mentioned here only as a possibility,
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Run-off available for storage.—The average annual run-off available .

for storage at the Colorado-San Juan reservoir site is about 15,000,000
“acre-feet, or 92.6 per cent of the mean annual run-off of Colorado
t River at Laguna dam.

T
i Value of site.—The position of tho Colorado-San Juan reservoir site

i is good. The water which passes it, with the exception of the Gila
i floods, is identical with that which goes to make up the floods on the
. lower Colorado, but the capacity of the reservoir might be seriously
‘ reduced in 50 ycars by the deposition of silt. Should the Green-
- Grand reservoir site prove unfeasible the Colorado-San Juan site
« should be thoroughly investigated.

< BULLS HEAD RESERVOIR SITE.

©  General conditions.—The dam site for the Bulls ITead reservoir, at
Bulls Head Rock, about 31 miles above Needles, Cal., and 18 miles
= above Camp Mohave, Ariz., has been investigated by the United
States Reclamation Service.! Borings taken at the dam site show
“that conditions aro unfavorable for the construction of a high over-
: low dam. Bedrock was not reached in holes carried to a depth of
¢ 100 foct, the material penotrated by the drill being mostly gravel
> and bowlders. Conditions are favorable for the construction of a
: spillway on solid rock on the Arizona side. The reservoir formed by
- & dam raising the water level 100 feet would have a capacity of 841,000
; acre-feot.

S

Capacity of the Bulls IHead reservoir.

£

-8 £ . Total

. Ileight above low water. Aroa. ca’;)‘géztl v. Height above low water. Area. capacity.
3 Feet. Acres. Acre-fect. Fect. Acres. Acre-feet.
< lllot 806 4,030 60 ‘ 12,100 259, 000
2 %0 1,570 16, 000 70 13, 600 395, 000
e 30 2,460 35,900 80 14, 600 529, 000
i 40 6,210 74,700 90 15,500 687,000
50 9,220 158, 000 100 16, 700 841,000
€

. Run-off available for storage.—The storable run-off -at the Bulls
i Hoad reservoir site is given in the table showing the annual discharge
. of Colorado River at Hardyville, Ariz., on page 192. The mean annual

run-off for the period 1895 to 1914 was 16,200,000 acre-feet.

Value of site.—The capacity of the reservoir site is small and would
¢ boreduced by the deposition of silt within a fow years after the building
¢ of tho dam. The site is therefore of no value for water storage except
. for emergency use.

! DBy constructing a dam 20 feet above low water at Bulls Head Rock
* water can be diverted to irrigate 56,000 acres. The feasibility of
. constructing such a dam is not questioned.

1 U. 8. Recl. Service Second Ann. Rept., 1902-3, 1904.
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| . - During the periodr;extending from the summer of 1905“t0'f1febjf-"

s

ruary -1, 1907, the ‘Colorado flowed. into Salton Sea. (See:p .

weoks, if a railroad trestle had been constructed across the cr
asse and cars Joaded with rock had been in readiness. It is prob
able that there could be constructed at Bulls Head a dam designed -.
primarily for the diversion of the river for irrigation at the 20-foot
level but carried high enough to store water to the 60-foot level, the
spillway to be through tunnels so as to provide no storage when the dam
is operated as a diversion dam. The storage capacity at Bulls Head
between the 20-foot and 60-foot levels is 243,000 acre-feet. If a break
in the lovee should occur below the heading of the Imperial canal
during the summer floods, preparation for closing it could be made
while the river was still flowin g into Salton Sea, and when the discharge
had fallen to 10,000 second-foet, the spillway and canal headgates at 5
Bulls Head could be closed. The Palo Verde, Imperial, and Yuma s
canals could take care of 5,000 second-feet, and tho remaining 5,000
second-feet could be stored for 24 days, during which tho river chan-
nel at the break would be dry, and the break could no doubt be effec-
tively repaired. The river might flow to Salton Sea for two or threo
months during the flood stage but not for two years. The capacity
of the reservoir above the 20-foot level would not bo impaired by the -
deposition of silt, for it would be used as a storage reservoir only in an
emergency and for a short period.

With their lands and homes belowsea level, and the Colorado flowing
on a ridge in the delta above them, the sebtlers in Imperial Valley
can not feel securc until every precaution has been taken to prevent .3
overflow and to keep the river in the channel leading to the Gulf of -
California. A sudden and violent flood from Gila River may overtop
the levees at any time. A

The value of the Bulls Head sito for a combination diversion and -
emergency storage dam should be determined by a thorough invesl;,i-"
gation.

SUMMARY.

1. By disregarding losses by cvaporation, it is estimated that a |
uniform flow of about 21,800 second-feet could be maintained at Hardy- %3
ville or at Laguna dam with a storage of 25,000,000 acro-feet. Such -
regulation of the flow is neither desired nor commercially feasible." -

2, During the period 1902 to 1914, inclusive, properly located
storage reservoirs having an aggregate capacity of 6,300,000 acre-feet
would have been sufficient fo maintain a flow at Yuma not exceeding
50,000 second-feet. Such regulation, which would madterially redu

¢ PR L
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" the necessity for levee construction and minimize the cost and oper-
* ation of other protective works, may prove desirable.

3. The flow of the Gila is intermittent. The sudden and violent

floods and their enormous loads of silt menace irrigation develop-
" ments below Yuma and might cause breaks in the levees even if the
*. Colorado proper were controlled by storage reservoirs. Until the

flow of the Gila below the Hassayampa is controled the floods from
the Gila will be.dangerous. o
4. On the assumption of no further increase in the irrigated areca

¢ above and including Virgin River, all lands susceptible of irrigation

below Virgin River could be irrigated if properly located reservoirs with

- an aggregate capacity of 18,000,000 acre-feet were constructed, even if

the excessively dry period from 1902 to 1905 were to be rppeated. The
irrigated area above and including Virgin River will increase, how-
over, and eventually there will not be sufficient water in the lower

: Colorado to supply the demand for the reclamation of all the irrigable

lands. This increase in the irrigated area on the headwaters will

" tend to equalize tho flow on the lower Colorado, and finally a storage

of 3,000,000 or 4,000,000 acre-fect may prove sufficient to maintain
a flow of 50,000 second-fect or less at gage height of 25 fect at Yuma.

It is not possible to estimate accurately the effect of the increase
of irrigation in the basin of the upper Colorado on the flow of the
lower Colorado. The most urgent problem to be solved at the
present time is that of protecting the irrigation works below Virgi'n
River from the ravages of the annual floods. The solution of this

" problem may lie in the construction of storage reservoirs and a per-

manent system of bank revetments. Obviously storage reservoirs
will be required in the futuroe for the purpose of regulating thg flow to
meet the demand for irrigation. In view of these facts it seoms

-apparent that investigations should be continued to provide basc

data for plans for construction work. Every effort should be made
to find below the junction of Green and Grand rivers :.md on San
Juan River feasiblo reservoir sites aggregating in capacity not less

~ than 6,000,000 acre-fect.

The large reservoir sites worthy of consideration in connectif)n
with the regulation of the flow of Colorado River and its tributaries
In the interest of irrigation and tho development of water power are
listed in tho.following table. The sites arc named in downstream
order as they appear on tho map of the Colorado River basin (Pl
XIII, in pocket).
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Storage reservoir sites in the Colorado River Basin.

Name of reservoir. - - Stream. Ilggﬂ]?r Cap;cit.)'&
Flaming Gorge Greén River, Utah and W Tee, Acre—fect‘.
?\lrg}vns 1{’Iark.. .. -..| Green River: Utah.... OICIOO RO % ;' Zgg’%

mg)erM ounta; .-..| Yampa River, Colo. 200 1’200’000 :
X mxe :;.(ud. -.| Green River, Utah. . 200 4,000,000 :
K? esrllga e.. .. Green River, Utah..... 165 1,250,000
Grgenx:?(l} mg'.i.. --{ Grand River,Colo........................ 230 2 260’000
reen- rand. -| Junction of dreen and Grand rivers, Utal 270 [ 8,600,000
s F.Jo IO --] Animas River, Colo................. ... . 100 '500,000
Coloradiniom Foma" San Juan River, Utah........................ - 264 2,600,000
orado-San Juan. Colorado River, Ariz., Utah..... ... .. 0 000000 244 3,000,000 -
il il
30, 790, 000

@ The figures in this column indicate tho elevation of spillway above average low water.

Infoxima{,ion now available indicates that there are in the basin
reservoir sites of sufficient capacity and properly located to make
-1t possible to regulate the flow of the lower Colorado as desired. To

bo effective, however, the reservoir system must include the Green-

Grand, Bluff, and other sites on upper Green and Grand rivers, or the
Colorado-Ss_m Juan reservoir sito must be utilized in conjunction with
tho reservoirs on Green and Grand rivers.

SILT IN COLORADO RIVER.!
DETERMINATIONS OF SILT IN COLORADO RIVER AT YUMA, ARIZ,

Prof. C. B. Collingwood, of the University of Arizona, Agricultural
Experiment Station, determined the content of silt in the water of
Colorado River at Yuma for a period of seven months beginning with
August, 1892. One pint of water was taken each day and evapocl"ated
and the daily residues for each month were then weighed and a.na,lyzed:
’.l‘he results ranged from 1,631 parts per million of suspended matter
in January, 1893, to 10,309 parts per million in October, 1892, and
averaged 2,577 parts per million.? ’

From January 10, 1900, to January 24, 1901, samples of water
were collocted daily under the direction of R. II. Forbes, director and

chemist, University of Arizona Agricultural Experiment Station, |

from ‘Colorado River at Yuma, Ariz., and united in sets of six con-
secutive samples,

The samples were taken from the east side of the Colorado, at
Yuma, 1 mile below the entrance of Gila River and 14 miles be’low
Lag.um% dam. The average of the entire series of 61 determinations
of_ S{lt 18 2,776 parts per million. A fairer average, 2,814 parts per
million, for the year 1900 has been obtained, however, by interpolating
values of suspended matter for the short periods during which no

! Extracts from a discussion, unpublished i
¢ » prepared by R. B. Dole, chemist, U. 8. Geol., Survey.
3 Cory, IL, T, Irrigation and river control in the Colorado delta: A1;1. Soc. Ci’vil Eng. Trans v0}; 76
1217,1913. For Prof. Collingwood’s arlicle see Arizona Agr. Exper. Sta. Bull. 6. Yo B
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samples were taken and weighting cach figure of the series by the
+ number of days covered by it. '

Unfortunately no reliable estimates of daily discharge for 1900 are

: available, and it is therefore impossible to compute the six-day loads

of suspended matter. If the mean annual discharge is assumed to

* have been 22,800 second-feet and the mean load of suspended matber
* to have been 2,814 parts per million, the total load of silt during 1900
- may be computed as 63,200,000 tons, a quantity in agreement with
- the estimate, 61,000,000 tons, given by Forbes in discussing his data.!

The second annual report of the United States Reclamation Service 2

_contains a table of determinations of silt from February 3 to June 16,

1903, inclusive. Daily samples evidently were united in sets of three
and the silt was determined in the composite thus obtained. It is
not known who made the analyses, no comments on the figures being
included in the original text. The load of suspended matter in tons
during each sample period has been computed by multiplying together
suspended matter in parts per million, the discharge in second-feet,
the factor 0.00269, and the number of days in each period. Accord-
ing to this method of computation tho total load carried past Yuma
from February 13 to June 16, 1903, inclusive, was 58,300,000 tons,
and the average content of suspended matter during that period was
8,002 parts per million. The discharge from March to June, 1903, was
comparable with that during the same months in 1902 and 1904 but
was much less than that during those months in 1905, 1906, and 1907.2
As the series in 1903 covers only four months and does not include
October, which is usually the month of high turbidity, it does not
constitute a reliable basis for an estimate of the annual load of silt.
It covers the period of spring floods and shows that there were large
loads of silt during the last part of March and all of April. Graphic
comparison of the content of suspended matter with discharge indi-
cates a fairly regular increase of suspended matter with discharge
during March and April. The much greater discharge during May
and June, however, was not accompanied by proportionate increase
in suspended matter. _ v
During 1904 Prof. Forbes continued his study of silt in Colorado
River, apparently taking daily samples and uniting these in com-
posites of threc or more consecutive samples, on which he made
determinations of the suspended matter by weight. Io states * that

1 Forbes, R. 11., Thoe river irrigathlg'waters of Arizona: Univ. Arizona Agr. Exper. Sta. Bull. 44, p. 202,

1902.
2 Lippincott, J. B., Investigations in California [on Colorade River]: U. 8. Recl. Service Second Ann.

Rept., pp. 153-154, 1904.
3 McGlashan, I1. D., and Dean, 1I. J., Water resources of California, pt. 3: U. 8. Geol. Survey Water-

Supply Paper 300, pp. 419-450, 1913.
4 Forbes, R. I1., Irrigating sediments and thoir effects upon crops: Univ. Arizona Agr. Exper. Sta.

Bull. 53, p. 60, 1900.




- of silt during that year was 120,961,000 tons. "Neither his individual

“silt for the omitted days, and the total load of silt in 1905 has been
- the mean discharge during 1905, 27,200 second-feet, gives the total
. load of silt for 1905 as 266,000,000 tons.

“one, but it has been computed for comparison with similar figures for
“other years. The greatest loads of silt in 1905 were carried between

- the content during the last half but bears no mathematical relation

‘velocity was between 4 and 5 feet per second.

-

,» 1904, Colorado River carﬁed 840 to
32,630 parts per million of suspended matter, and that the total load

analyses nor a description of his method of computations is available,
but Cory * observes that “ the investigations were carried out in such -
detail that it was possible to compute the quantity of solid material -
from the discharge at the time.” It may therefore be assumed that
Prof. Forbes calculated the total load of silt by adding together - ;
the weighted mean loads corresponding to his sampling periods. As
the mean discharge during 1904 was 13,980 second-feet,> Forbes’s
estimate is equivalent to an average content of suspended matter of
8,784 parts per million. - v ) ' :
Samples of water were taken daily from the Colorado at Yuma by
the Reclamation Service between J anuary 1 and December 31, 1905,
The samples, which were taken at the railroad bridge below the mouth -
of the Gila, were analyzed in composites of three or four under the:
direction of T. H. Means at Berkeley, Cal. Though the dates indicate
that the series is not absolutely complete, the errors duo to that source
have been practically eliminated by assuming ‘reasonable loads of

computed ‘as 312,000,000 tons. The average of the entire series of .
106 determinations is 9,938 parts per million, which, combined with -

( As an estimate of the load
of silt-during 1905 this figure is not so nearly correct as the preceding .

February and June, the maximum daily loads having been carried
from March 19 to 24, inclusive; the content of silt during the first
half of the year corresponds more regularly with the discharge than

7 ST

to it for any appreciable length of time. - Similar lack of mathematical
regularity is shown by comparison of the content of silt with the mean’
velocity during each sampling period; the most definite deduction
that can be made from this comparison is that great loads of silt were
not carried while the velocity was less than 3 feet per second; on the
other hand, relatively small loads were carried many times while th

Since May, 1909, the United States Reclamation Service has made’
observations of the sediment in Colorado River at Yuma, Ariz.*
Eight observations were made in 1909, 22 in 1910, 52 in 1911, and

ldory, H. T., Irrigation and river control in the Colorado delta: Am. Soe. Civil Eng, Trans., vol. 76, :
p. 1217, 1913, e
2. 8. Geol. Survey Water-Supply Paper 300, p. 450, 1013,
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. 64 in 1912, The annual mean content of silt has been reported ! as
¢ 6,500 parts per million in 1909, 5,000 in 1910, 11,500 in 1911, and

7,560 partsin 1912. I'rom these data and the mean annual discharge,
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the amount of sediment carried by Colorado River during the years !

1909 to 1912, inclusive, has been computed as follows:

Tons of sediment carried annually by Colorado River at Yuma, Ariz. , 1909-1912.

Mean
Mean Load of
) Year. discharge.a g?x;}fff silt.c
Parts per

Second-feet.| million. Tons.
. 36,200 6,500 | 232,000,000
19, 800 5,000 98, 000, 000
24, 600 11,500 278, 000, 000
25, 400 7,560 | 189,000,000

@ McGlashan, H. 1., and Dean, II. J., Water resources of California: U. S. Geol. Survey Water-Supply
Paper 300, p. 451, 1913, .
b Determined by the U. 8. Reclamation Service. . . .
¢ Tons=Mean annual contont of silf, in parts per millionXmean annual discharge in second-feel X 0.985.
The forogoing cstimates of the annual loads of silt carried by Colo-
rado River at Yuma just below the mouth of the Gila arce summarized

as follows:

Summary of estimates of silt carried by Colorado River at Yuma, Ariz.

Averago
Mean dis- | content of | Total load of
Year. charge. | suspended silt.
matter.
Parts per
Second-fect .| mill 21;0151.77 Tons..
............ A
a (3, 200, 000
22,800 eu|{ 3 o1, 00 0%
15, 600 €8,002 | .oeenian. ...
13,980 48,784 3;%(2)’ ?&1{ %
e tl ta
27,200 9,938 { itrgued
36,200 6,500 | 7232,000,000
19, 800 5 £ 98,000, 000
24, 600 11,500 1278, 000, 000
25,400 7,560 7189, 000, 000

@ Calculated from total load of silt.
¢ Sum of daily loads. .
/ Caleulated from average content of silt.

a Estimate by Dole.
b Estimate by Forbes.
¢ Feb. 13 to June 16 only.
These data are complete enough to indicate clearly (1) that the
average content of silt varies widely from year to year; (2) that the
average discharge varies widely from year to year; (3) that the aver-
age annual content of silt is not proportional to the average annual

i . discharge; and therefore (4) that the total annual load of silt is not

proportional to the total annual discharge. It has already been

shown that the content of silt is not a function of the discharge or the
.- velocity of Colorado River. The annual content of suspended matter

!8ellew, F. L., Discussion on irrigation and river control [Colorado River]: Am. Soc. Civil Eng.,
Trans., vol. 76, p. 1479, 1913.
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feet, which, combined with the figure for suspended matter, 7,000

very slowly by sedimentation.

- which has been characterized by Forbes the muddiest river in the,

~ parts per million and averaged 3,730 parts per million ? between April
'9, 1905, and January 2, 1906. ‘
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The rise and fall of the Gila between January and May, 1905, are
closely followed by the content of suspended matter in the Colorado
at Yuma. In June, in spite of the high discharge of the Colorado,
its content of silt was small, and the average discharge of the Gilg
during that month was only 725 sccond-feet. During July, August,
and September the discharge of the Gila was practically nothing and
the content of suspended matter at Yuma was small. During Octo-
ber, with a small discharge from Gila River and a somewhat greater
discharge from Colorado River, the content of silt increased. The
increase of discharge from the Gila in November and December was
accompanicd by an increased content of silt in the Colorado, but this
increase was not proportional because the silt content of the Gila
was less in December than in November. A similar but not so close
relation may be traced, so far as data arc available, between the silt
content of the Colorado and the discharge of the Gila during 1903.
Comparison of data from 1903 to 1912 indicates that the silt content
of the Colorado at Yuma varies chiefly with the discharge of Gila
River. If the silt content of the water of Gila River, the discharge
of that stream, and the proportion of that discharge to the discharge
of the Colorado were all taken into consideration, the influcnce of the
Gila could doubtless be more definitely indicated. .

As the data regarding tho silt content and the discharge of Gila
River are incomplete, it is not safe to attempt to correct the figures
for the silt content of the Colorado at Yuma in order to make them
applicable to the Colorado at Laguna dam. It is possible that the
average silt content above the Gila is less than half that of the
stream below; indeed i6 is less than that at times.

may be said to vary in round numbers from year to year from 2,400 to
12,000.parts per million and to average 7,000 parts per million. The.
numerical averago of the eight annual estimates of suspended matter
in the accompanying tableis 6,834. Itis of course an open (uestion
}11;(‘)‘;) much weight should be given to the two low contents in 1892 and

In view .of all the irregularitics due to normal conditions it scems
that an estimate of the averago annual load of silt based on tho average
fxnx}ual discharge and the average content of 7,000 parts per million
is likely to give a fair idea of tho magnitude of this quantity. The
average annualdischargefrom 1895 to 1914, inclusive, is 23 ,560 sccond-

parts per million, gives 162,500,000 tons as a fair estimate for the
average annual load of silt carried past Yuma by Colorado River.
The probable error of this estimate is such that it may be called
r?undly 160,000,000 tons. Tho specific gravity of the silt is given by
Forbes® as 2.65, which is practically the average specific gravity of
the earth’s crust? and corresponds to a weight of 165 pounds por cubic -
foot:. - The weight of dry soil is given by Forbes * as 93 pounds per -
cubic foot. . On these bases the average annual load is cquivalent to
80,000 acre-feet of dry soil or 45,200 acre-feet of rock. The equivalent
as dry soil is a fair estimate of the dry mud or compacted silt on the
bottom. of a reservoir. This annual deposit in a reservoir 1 mile
square 1s equivalent to a depth of 125 feet. Such complete deposition
could not be attained, however, unless absolute stagnation cxisted
for a month, for the finer particles of suspended matter are removed

INFLUENCE OF GILA R;VER. FLUCTUATION OF SILT CONTENT.

- One of the chief sources of the silt in Colorado River at Yuma is

tho onormous smownt of suspendel met Tischargod by th Gl The general {luctuations of the silt content of the Colorado at Yuma

and their relations to discharge have already been outlined. The dis-
charge of the Colorado usually is greatest in June and least from
November to February, with floods in March or April and in Septem-
ber or October. The floods in spring and autumn usually are accom-
panied by marked increases in silt, but the June flood apparently is
not.

world. 'The silt in this stream above the head of Florence canal
ranged in 1899-1900 from 80 to 94,060 parts per million ! and aver-
aged 19.23 tons per acre-foot of water. At the Survey gaging sta-
tlon near San Carlos, Ariz., the silt content ranged from 120 to 24,700

SILT BELOW THE JUNCTION OF GREEN AND GRAND RIVERS.

During 1905 and 1906 samples of water were collected daily by the
Reclamation Service from Grand River ncar Kremmling, Colo., and
near Palisades, Colo., from Gunnison River, a tributary of the
Grand, near Whitewater, Colo., and from Green River, near Green
River, Wyo., and ncar Jensen, Utah. The daily samples were ana-
lyzed after being united in sets, usually of 3 to 6 consceutive samples,

1 Forbes, R. H., Irri ' ing sedim i : i i
8, b 60, 100t » Irrigating s epts and their effects upon crops: Univ. Arizona Agr. Exper. Sta. Bull,

! Gannett, Henry, and others, Papers on the conservation of : y , ‘
Supply Pagor 234056, 100 water resources: U. 8. Geol. Survey Water- -
8 Stabler, Herman, Some stream waters of the western United States, with chapters on sediment car-

ried by the Rio Grande and the industrial applicati
pplication of water anal, : U. 8.
Supply Paper 274, p. 41, 1911, P pualyses: U 8. Gool. Survey Wa@r-
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quently it seems fair to estimato the total load of silt carried past
Palisades at about 1,600,000 tons a year, .
Samples of the water of Green River near Jensen, Utah, were col-
lected regularly from March 24, 1905, to May 11, 1906, inclusive, byt
as discharge measurements made at that point cover only part of

and the results, with computations of the discharge of silt by Stabler
‘have been published in Water-Supply Paper 274. S
~++The ' measurements of silt at Jensen, Palisades, and Whitewater 7
~ represent an area of 43,300 square miles in a total of 70,300 square
miles. The observations were not conducted over periods long
enough to make estimates of the mean load of silt based on them
entirely dependable, but they give some idea of the magnitude of the
load. It would be distinctly advisable to make collections during a 4 . !
period of three or four years at these and other points in the basins A million and.that between May 14, 1905, and May 11, 1906, is 1,056
of both the Grand and the Green in order to obtain data from which 4 ports per million.  Accor ding to measurements at Green River, Utah,
thoroughly reliable conclusions regarding the mean silt content of the 4 the dischargo between March, 1905, and March, 1906, was much less,
streams might bo drawn. j and that between May, 1905, and May, 1906, somewhat less than the
Samples were collected from Grand River near Palisades, Colo., average; consequently it seems reasonablo to estimate the mean
from March 15 to October 31 » 1905, and from April 1 to May 5, 1906, annual content of suspended matter at Jensen, Utah, at 1,200 parts
but not during the winter of 1905-6, The average daily content, of per million. Combined with the mean dlSChaItge: 5,500 second-feet,
suspended matter between March 15 and October 31, 1905, com- this estimato gives the average annual load of silt carried past Jensen
puted by weighting the determinations by tho number of days that by Green River as 6,500,000 tons.
cach approximately represents,’is 281 parts per million. During the
period of 134 days from November 1 to March 14, with low water
and ice prevailing much of the time, it is probablo that 80 parts per

Mean discharge in second:feet of Green River at Green River, Utah, during certain periods.a

million would ropresent, a generous estimate of the average daily o Period. ' LLE;‘:%@Z ci‘fi‘é‘e‘%ity
content of suspended matter. If this estimate is included with o » : Mareh, in- L ay. lo-
proper weighting, the average daily content of suspended matter for 4 : N
“the year would be 207 parts per million. A siml.larly computed aver- q 10010 ' gt | Secondsfet,
age, including the determinations made in April, 1906, is 404 parts 3 3&1);(0’
per million, the diffcrence being caused by the great loads of silt car- E: | 6,820
ried during April, 1906, Consequently, if the average daily load of 5,500
silt is taken as 300 parts per million the estimated annual tonnage 4 & Water-Supply Papers 200 and 21,
may be greatly in error; nevertheless there seems to be no fairer ‘;g;ssg}}g;gﬂg 5‘;}{}‘;‘;3%&{2;?‘}553’&?& March, 1911, estimated.
method of estimating this quantity from the data at hand, This 4 i )
~ figure, combined with the average discharge, 5,320 second-feet, gives Gunnison River enters Grand River at Grand Junction, Colo., about
a total annual load of 1,570,000 tons of silt. 15 miles below Palisades, Colo. Determinations wore made of the
According to the observations the river carried 1, 196,000 tons of silt content of the water of Gunnison River near Whitewater, Colo., a
silt between April 1 and October 31, 1905, and 871,500 tons between 4 short distance above Grand Junction, from April to October, 1905.
April 1 and May 5, 1906. If the mean daily content of suspended - If tche average content of suspended matter during the low-water
matter 13 assumed to be 80 parts per million and the mean dischargo ~ period _fr om November to March is estimated at 80 parts per million
to be 1,600 sccond-feet * the load between April 1, 1905, and March . the weighted average content of suspended matter for the year may
31, 1906, may be calculated to have been 1,200,000 tons and that be calculated as 565 parts per million; and if the mean discharge
between May 6, 1905, and May 5, 1906, to have been 1 ,900,000 tons. dun.ng the .winter is assumed to have been 700 second-feet * the load
The discharge was much greater during April, 1906, than during - of silt carried between April 1, 1905, and March 31, 1906, may be
April, 1905, and the mean discharge from April to October in 1906 - calculated as 2,070,000 tons. The average content of suspended
was greater and that in 1905 was less than the average. Conse- matter, 565 parts per million, combined with the average annual
! Estimate by Stabler, Herman, Some stream waters of the western United States, with chapters on ! Based on estimate by Stabler, Herman, op. cit., p. 51.
sediment carried by the Rio Grande and the industrial application of water analyses: U, 8. Geol. Survey , : 21022°—wsp 395—16——15

- Water-Supply Paper 274, p. 46, 1911,
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higher than the mean.

- accompanying table:

BN

the former: is explainable

- The foregoing estimates of to
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dis‘cha'rge» for-14 ‘years,”2;830 second-feet, gives the average load of i
-~ silt as.1,600,000 tons a year. The difference between this figure and
“because the discharge during 1905 was

tal silt load are summarized in thé

- ;Mean annudl discharge a\nd load_ of silt of Green, Grand, and Gunnison rivers.

. Annual Drainage
River.: Station.: load of | area above
. silt, station.
- ' Square o
Tons. miles, | Second-feet.
Palisades, Colo..... 1,600, 000 8,5 5
‘Whitewater, Colo 1, 600, 000 8,250 S
Jensen, Utah.... 6, 500, 000 27,000
9, 700, 000 43,800

The total area of the drainage basins of the Green and the Grand is
70,300 square miles and the mean discharge of both streams is 17,130 -
second-feet. Because of the nature of the basins below Grand Junc-
tion and Jensen the load of silt below the junction of the Green and
the Grand would probably be more nearly proportional to the dis-
charge than to the area of the respective basins. On this assumption |
the total annual load of silt carried by these two streams below their
junction would be in round numbers 12,000,000 tons, equivalent to
about 6,000 acre-feet of dry soil weighing 93 pounds per cubic foot. -
This estimate is based on silt determinations covering little more than
half the entire basin and extending over a period of less than a year,
and it should therefore be considered roughly approximate. In com- :
parison with the load at Yuma, Ariz.—about 160,000,000 tons, -

‘equivalent to 80,000 acre-feet of dry soil—it shows that lower Colo- ‘
rado River derives most of its enormous load of silt from the drainage -
area tributary to Colorado River below the junction of the Green and

- the Grand, which includes San Juan, Paria, Little Colorado, Virgin, -
and Gila rivers. How the silt in Gila River affects the Colorado has
already been shown. = That the Little Colorado also brings in notable’

loads of silt is indicated by the results of determinations in 1905-6, by
which it was found that the weighted average content of suspended
matter of Little Colorado River at Woodruff, Ariz., was 7,440 parts
per million between April 15, 1905, and April 3, 1906, and individual
determinations ranged from 32 to 20,700 parts per million.! ;

1 8tabler, Herman, op. cit. , P. 56.
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