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CONTRIBUTIONS TO THE HYDROLOGY OF THE
UNITED STATES, 1930

N. C. Grover, Chief Hydraulic Engineer

SURFACE WATER SUPPLY OF MINOR SAN FRANCISCO BAY,
NORTHERN PACIFIC, AND GREAT BASINS IN CALIFORNIA,
1895-1927

By H. D. McGrAsHAN

INTRODUCTION

The measurement of the flow of the streams in California was begun
by the State engineer in 1878, in accordance with the law requiring
him “to investigate the problems of the irrigation of the plains, the
condition and capacity of the great drainage lines of the State, and
the improvement of the navigation of rivers.” The work was
restricted to a few localities in the Sacramento and San Joaquin River
Basins, the principal station being on the Sacramento at Collinsville.

The State engineer’s office was discontinued in 1884, and practically
no further stream studies were made in California until 1894, when
engineers of the United States Geological Survey made a few measure-
ments of streams in the semiarid parts of the State. The following
year the Geological Survey established a station on the Truckee River
at Tahoe, and since that time it has gradually extended the work, as
funds were made available, until it now has records of flow at a large
number of points on California streams.

The records to June 30, 1912, for the drainage basins included in
this report were published in Water-Supply Paper 300. Subsequent
records are contained in the annual series of water-supply papers as
follows:

‘Water-Supply ‘Water-Supply ‘Water-Supply

N Papers Papers Papers
1912 _______ 330,331 (1917__________ 460,461 | 1923_______-_. 570, 571
1913 __ . 360,361 [ 1918__________ 480,481 (1924__________ 590, 591
1914__________ 390,391 | 1919-20_______ 510,511 1926 ________- 610, 611
1915 .. 410,411 (1921 ________. 530,531 (1926 _________ 630, 631
1916 - oo 440,44111922__________ 550, 5561 11927 ______.___ 650, 651

1
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Although a few of these papers are out of print, most of them can
be bought from the Superintendent of Documents, Government
Printing Office, Washington, D. C., or they may be consulted at the
Geological Survey offices at 303 Customhouse, San Francisco, and
600 Federal Building, Los Angeles, and at the public libraries in the
principal cities. ’

The records are summarized in this paper to make them readily
available for reference. For detailed information of daily discharge,
run-off in acre-feet, and station descriptions giving full information
regarding location and equipment of stations and other pertinent
information, reference should be made to the above-mentioned water-
supply papers or to the files at the Geological Survey offices.

COOPERATION AND ACKNOWLEDGMENTS

Cooperation in stream measurements between the United States
Geological Survey and the State of California was first provided for
by the State legislature in an act approved March 16, 1903. Similar
acts continued the cooperation until April 22, 1909, when an act
placing cooperation between the State and the United States Geologi-
cal Survey on a permanent basis was approved. This act provided
as follows:

The department of engineering is hereby empowered to carry on topographic
surveys and investigations into matters pertaining to the water resources of
the State along the lines of hydrography, hydroeconomics, and the use and dis-
tribution of water for agricultural purposes, and to that end, where possible and
to the best interest of the State, shall enter into contracts for cooperation with
the different departments of the Federal Government in such amounts as may
be an equitable and necessary division of the work. The State engineer, with
the consent of the governor, may maintain and continue such investigations
where there is available money not covered by cooperation contract. For the
permanent maintenance of said surveys and investigations there is hereby con-
tinuously appropriated out of the general fund of the State treasury for each and
every fiscal year, commencing with the date upon which this act becomes effective,
the sum of $30,000.

Of this sum $9,000 was allotted annually to investigations of water
resources. To supplement this fund and the Federal appropriation,
the State conservation commission, State board of control (water
powers), State water commission, and later the department of public
works through the divisions of engineering and irrigation and water
rights have allotted additional money.

The State budget for 1928 and 1929 groups all State cooperation
with the Geological Survey for investigations of water resources and
provides a fund of $25,000 a year for the biennium. This coopera-
tion is disbursed by the division of engineering and irrigation, depart-
ment of public works, through Edward Hyatt, jr., State engineer.

The earliest stream gaging in the State was done under the direc-
tion of William Ham. Hall, State engineer, by C. E. Grunsky, who
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continued in charge until the State engineer’s department was
abolished. Work by the United States Geological Survey was begun
in 1894, under the direction of F. H. Newell, chief hydrographer, by
Arthur P. Davis and Joseph B. Lippincott. On the establishment of
the United States Reclamation Service, in 1902, Mr. Lippincott be-
came supervising engineer for California, and the field work was
continued under his direction by William B. Clapp and Samuel G.
Bennett, until the separation of the Reclamation Service from the
Geological Survey in 1906, when Mr. Clapp became district engineer.
On Mr. Clapp’s death in December, 1911, H. D. McGlashan was
appointed district engineer.

Much cooperation and many records have been furnished by other
Federal bureaus, counties, municipalities, irrigation districts, per-
mittees and licensees of the Federal Power Commission, private com-
panies, and individuals, to whom credit is given in the annual series
of water-supply papers.

MINOR SAN FRANCISCO BAY BASINS
COYOTE RIVER BASIN

The Coyote River rises on the sparsely wooded slopes of Pine
Ridge on the east side of Santa Clara Valley. The surface of the
drainage basin above the mouth of the canyon, opposite Madrone,
is rough, and a considerable part of it has an altitude of more than
2,000 feet. The course of the Coyote River is peculiar in that three
times on its way out of the mountains it doubles on itself by sharp
turns. After leaving the mountains it hugs the east side of Santa
Clara Valley for 7 or 8 miles and then passes through what is known
as the lower gorge, about a mile below the station at Coyote. Here
the Santa Clara Valley narrows to only 1,200 feet. Between 4 and 5
miles farther downstream the river passes behind the point of a pro-
jecting hill through what is known as The Narrows. Below The Nar-
rows the valley recedes eastward, leaving the Coyote River 3 or 4
miles from its side. The stream continues its course through the
broad level floor of the valley for about 18 miles and then enters the
south end of San Francisco Bay.

ALAMEDA CREEK BASIN

Alameda Creek rises on the northern slope of Packard Ridge in
Santa Clara County, 4 miles north of Mount Hamilton, at an alsi-
tude of 3,000 feet. The stream flows northwestward through Alameda
County to the lower end of Sunol Valley, where it turns westward,
follows Alameda Canyon for 6 miles to Niles, and enters San Francisco
Bay 4 miles west of Alvarado.

The principal tributaries are Calaveras Creek, now regulated by
the Spring Valley Water Co.’s reservoir at the outlet of Calaveras
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Valley; San Antonio Creek, which drains La Costa Valley on the east;
and Arroyo de la Laguna, which with its tributaries—Alamo Creek,
Tassajero Creek, Arroyo Mocho, Arroyo las Positas, and Arroyo del
Valle—drains Livermore and Amador Valleys. At the head of Ala-
meda Canyon is the infiltration gallery of the Spring Valley Water
Co., which supplies the aqueduct that serves the city of San Francisco.

The drainage area of Alameda Creek above the head of the débris
cone at the mouth of the canyon at Niles is 634 square miles. Along
the débris cone are many wells that furnish water for the irrigation of
truck gardens and orchards. These wells receive their main supply
through percolation from Alameda Creek.

SAN PABLO CREEK BASIN

San Pablo Creek rises near the western boundary of Contra Costa
County, east of the Berkeley Hills, flows northwestward east of and
parallel to San Pablo Ridge, and enters San Pablo Bay about 2%
miles west of San Pablo. An earth dam across San Pablo Creek in
the canyon above San Pablo provides nearly complete regulation of
this stream. This reservoir forms a part of the water-supply system
of the eastern Bay cities.

NORTHERN PACIFIC BASINS

The principal streams that enter the Pacific Ocean in California
north of San Francisco Bay are the Russian, Eel, Mad, Klamath,
and Smith Rivers.

RUSSIAN RIVER BASIN

The Russian River rises in the eastern part of Mendocino County,
on the western slope of the Coast Range, and flows southeastward to
its junction with Santa Rosa Creek in Sonoma County, where it turns
westward and enters the canyon through which it flows to the Pacific
Ocean. The total length of the main river is about 100 miles.

The principal tributaries of the Russian River are the East Fork,
Big Sulphur Creek, Dry Creek, Santa Rosa Creek, and Austin
Creek—all very small except during the rainy season.

The Russian River Valley, in Sonoma County, is fertile and well
cultivated. The climate is very equable throughout the year, and
fruit raising is the important industry.

EEL RIVER BASIN

The Eel River rises on the western slope of the Coast Range, in the
California National Forest, and drains parts of Lake, Trinity, Men-
docino, and Humboldt Counties. From its junction with the Middle
Eel at Two Rivers it flows northwestward about 110 miles to the
Pacific Ocean. The principal tributaries below Two Rivers are the
North Fork, the South Fork, and the Van Duzen River.
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The lower part of the drainage area, below the mouth of the
South Fork, is in the redwood belt. The remainder of the area is
semiopen and contains very little merchantable timber except on a
small tract near Grizzly Mountain. The lowlands are very fertile
and well cultivated. The rolling and hilly lands are covered with
grass and are used only for grazing.

The precipitation throughout the drainage area is very heavy

during the winter.
MAD RIVER BASIN

The Mad River rises in the southern part of Trinity County and
flows northwestward across Humboldt County to the Pacific Ocean.
Its total length is about 90 miles.

The basin is very narrow, and the tributaries are small. The
upper and lower parts contain good agricultural land; the middle
part is suitable only for grazing.

During the rainy season the river is turbulent. In the upper part
of its course its channel is practically dry during the summer, the
water standing in pools; farther down flow continues throughout*the
year but is insufficient to irrigate all the land that is improved.

The lower course of the river is through the famous redwood belts
the upper part of the basin has only a fair forest cover consisting of
serubby timber without much brush.

KLAMATH RIVER BASIN

The Klamath River drains a territory lying east of the Cascade
Range in south-central Oregon and south of the Siskiyou Mountains in
California. The river rises in Upper Klamath Lake, flows generally
southwestward, and empties into the Pacific Ocean at Requa, on the
coast of northern California. Only that part of the basin lying in
Oregon has been studied in detail. The drainage from this part of the
area is collected in large lakes whose margins are wide, shallow marsh
lands covered with tules and aquatic plants. From Upper Klamath
Lake, which lies 4,141 feet above sea level, flows the Link River, a
stream 1% miles long, discharging into Lake Ewauna at an altitude
of 4,080 feet. Klamath Falls, the principal city of this section, is
situated on the Link River. From Lake Ewauna to the town of Keno,
a distance of 20 miles, the Klamath River flows through a flat, marshy
country. About 5 miles above Keno the river is connected with
Lower Klamath Lake by a channel known as Klamath Straits. About
half a mile below Keno the river breaks over a rocky ledge and here
begins its precipitous fall of 100 to 200 feet a mile to its mouth. The
drainage area above Keno, exclusive of Lower Klamath Lake, is 3,150
square miles. The streams draining into Upper Klamath Lake rise
about 8,000 feet above sea level. The altitude of Klamath Falls is
4,100 feet.
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The principal tributaries of the Klamath River are the Sprague
River, which drains the southwestern edge of the Great Basin divide
in Oregon, and the Anna River, which heads in a large spring supposed
to be fed by the waters of Crater Lake. The Williamson River,-
which drains the northern part of the Klamath Indian Reservation,
is tributary to the Sprague River. The Lost River, although not a
tributary of the Klamath, is usually considered with it, as a slough
connects the two. Water formerly flowed either way, the direction
depending on the heights of the streams, but the flow is now stopped
by an artificial dike.

The mean annual rainfall at Klamath Falls, about 12 inches, fairly
represents this section of the drainage area. A large part of this
precipitation occurs as snow. As nearly all the streams are spring-fed
and therefore rarely freeze, records of stream flow are little affected
by ice.

Irrigation is practiced extensively in the upper part of the area,
although dry farming has been fairly successful. The agricultural
products consist chiefly of forage crops for stock and cattle, the
country being well adapted to stock raising. Grains, alfalfa, and the
hardier vegetables and fruits are grown with some success, but the
climate is too rigorous for the intensive agriculture that is possible
at lower altitudes.

SMITH RIVER BASIN

The Smith River is formed in Del Norte County, Calif., in the
western part of T. 17 N., R. 2 E., Humboldt base and meridian, by the
junction of its Middle and North Forks. The Middle Fork, which
drains the larger area and is therefore considered the continuation of
the main stream, rises on the western slope of the Siskiyou Mountains
in the central part of T. 17 N., R. 5 E., flows northwestward 5 miles,
then southwestward to the point at which it receives the North Fork.
Below these forks the main river continues southwestward to the
north-central part of T. 16 N., R. 1 E., where it turns abruptly to
the west, and thence flows westward and northwestward to the
Pacific, in T. 18 N., R. 1 W. The length from the mouth to the
head of the Middle Fork is about 45 miles; the principal tributaries
of the Middle Fork are Preston and Patrick Creeks.

The North Fork of the Smith River rises in the extreme south-
western part of Josephine County, Oreg., and flows somewhat west
of south into Del Norte County, Calif. Its length, including major
windings, is about 20 miles; the principal tributary is Stony Creek.

The South Fork, the principal tributary below the junction of the
North and Middle Forks, rises on the western slope of the Siskiyou
Mountains, in the northern part of T. 16 N., R. 4 E., Humboldt base
and meridian, flows southwestward about 12 miles, then northwest-
ward to its junction with the Smith River in the northern part of
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T.16 N, R.1 E. Including its major windings this fork is 32 miles
long. Its principal tributaries are Quartz, Jones, Hurdy Gurdy,
Gorton, and Coon Creeks from the north and Goose and Rock Creeks

from the south.
GREAT BASIN

SALTON SINK BASIN

* The Salton Sink originally formed a part of the Colorado Desert,
which has an area of nearly 2,000 square miles and extends northwest-
ward almost 100 miles from the California-Mexico boundary line. It
comprises two fertile valleys, one northwest of the sink, in Riverside
County, known as the Coachella Valley, and the other southeast of
the sink, in Imperial County, called the Imperial Valley. The
Salton Sea, which now partly fills the sink, lies between the two
valleys and is partly in Riverside County and partly in Imperial
County. The longest diameter of the sea has a northwest-southeast
direction. On December 31, 1908, its surface was 206 feet below
mean sea level, and it had a length of nearly 45 miles, a maximum
width of about 15 miles, & minimum width of 9.5 miles, a maximum
depth of 67.5 feet, and a superficial area of about 443 square miles.
In February, 1925, the surface of the sea was 249.6 feet below sea
level and the area was 265 square miles. It is about 160 miles
southeast of Los Angeles, 90 miles northwest of Yuma, and 50 miles
north of Calexico.

A few thousand years ago, according to geologic evidence, what
is now the Salton Sea was a part of the Gulf of California, which then
extended about 200 miles farther northwest than at present. It is
probable that the gulf waters then swept inland to the base, or
nearly to the base, of San Jacinto Peak, although all evidence that
would enable their exact limits to be fixed has been obliterated by
more recent geologic events. At that time the mouth of the Colorado
River was in the vicinity of Yuma, 60 miles in an air line north of
its present location. Presumably, then as now, it was discharging
large quantities of silt each year, cut from the great canyons of the
upper Colorado and the Gila Valley and carried to the Gulf. Running
water will carry in suspension matter that quickly settles in still
water, and here the settling process is aided by the clarifying effect of
the salt water. :

As a result of these processes the Colorado delta was gradually
extended southwestward toward the Cocopa Mountains, and when
it reached them it had separated the old gulf into the present gulf
and an inland sea. Delta growth, however, did not cease with the
separation of the water body into two parts. Silt continued to be
brought down the stream and to be deposited in its bed, along its
banks, and in the still waters at its mouth. A stream by this process
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of deposition eventually builds its channel up until it is higher than
the lands adjacent on both sides. The stream is then in a condition
of unstable equilibrium, and at some favorable time, as during an
exceptional flood, it will break out of its immediate banks and flow
in some less restricted course. By this process, often repeated, it
comes eventually to flow over all parts of its delta, building up each
part in succession. By such a process the Colorado must have dis-
charged alternately into the Gulf and into the depression now known
as the Salton Sink, meanwhile building up the delta dam that separates
them until it reached a height of about 40 feet above sea level.
It is highly probable that during this process water filled the Salton
depression and evaporated from it many times, for it must have
quickly disappeared whenever the erratic river changed its course to
the Gulf, the run-off from the mountains that surround the sink
being too slight to maintain a permanent body of water in this region
of intense evaporation. Meanwhile the original body of salt water
that occupied the sink had been displaced by the volumnes of fresh
water poured into it from the river, and in the intermediate stages of
the lake’s existence, at least, its water was fresh or nearly fresh. A
clear and definite indication of the last occupancy of this depression
by a lake, presumably just before the river had shifted to the course
that it now follows to the Gulf, may be seen in the remarkably well
preserved old water line that rims the desert from Indio to the Cerro
Prieto at a height of 40 feet above sea level. On the rocky points
that projected into the lake thiz water line is marked by a thick
deposit of calcium carbonate, by slightly cut sea cliffs, and by a
change in the profile of the rocky spurs. Where alluvial cones and
the sandy floor of the desert formed the shore line, beaches have been
developed, and although of soft sand and easily eroded, they are
even now well preserved, thus testifying to the recency of the action
that produced them. Over the floor of the desert and along the
sandy beaches are myriads of shellsof fresh or brackish water mollusks?
that lived in the lake. )

There are some reasons for thinking that the lake at this latest
stage was not perfectly fresh—at least that its waters were distinctly
“hard.” Its area when it stood at 40 feet above sea level was some-
what in excess of 2,100 square miles. The average flow of the Colo-
rado has been determined from records for 1903-1925 at Yuma as
about 16,800,000 acre-feet a year. The evaporation from a surface
of the area of the old lake, under the conditions that prevail here, has
never been determined but is undoubtedly high. 1If it is as high as 8
feet a year, it would nearly equal the average annual inflow from the
Colorado; if it is but 7 feet a year, the average inflow would exceed

1S8tearns, R. E. C., Remarks on fossil shells from the Colorado Desert: Am. Naturalist, vol. 13, pp
141-154, 1879.
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the evaporation by 2,000 second-feet, or somewhat less than 14 per
cent of the inflow. In either event, the waters of the lake would be
markedly more alkaline after a term of years than those of the Colo-
rado. The calcium carbonate incrustations on the rocky points about
the shores of the old lake are best explained by supposing that the lake
waters contained large quantities of this salt, so that wherever they
broke in spray and evaporated more rapidly than usual, the car-
bonate was deposited. This necessary excess of inflow over outflow
at the period of maximum area of the lake, taken in connection with
the thick calcium carbonate incrustations on the shores, indicates
distinctly hard water. It may be assumed that other salts than
calcium carbonate were also present in large amount, for the condi-
tions that would lead to the abundance of one salt would also lead to
an abundance of the others. The shells so thickly distributed over
the desert floor, however, are not salt-water forms, but are identical
with those of creatures now living in the springs and occasional per-
manent streams about the desert borders. Many of these springs and
streams are somewhat brackish, and the creatures flourish in them. It
seems probable, then, that the lake waters also were rather alkaline,
perhaps even brackish, at the time the lake attained its maximum
area.

The period at which this lake disappeared can not be precisely
fixed. The time units of geology are too large and too indefinite to
translate satisfactorily into years, so that when we say that the dis-
appearance of the lake is the most recent of geologic events we still
leave the mind groping for a definite human standard of time. The
sandy beaches that mark the borders of the ancient lake are cut
away where washes cross them from the mountains, but in sheltered
places they are still perfect. Where they stretch across an embay-
ment from one rocky point to another they are mere embankments of
sand, old barrier beaches, with depressions behind them once occupied
by shallow lagoons. In other areas, where they contour the alluvial
cones, they are gullied and cut away where streams have flowed across
them but in other places are preserved unscarred. At one locality a
low sea cliff that had been eut in alluvial-fan material was still pre-
served, although the loose sand and boulders would slump in a few
heavy storms.

In a region of abundant rainfall such ephemeral forms as these
would be more nearly obliterated within 50 years after the lake had
disappeared than they are now in the desert. In such a region the
precipitation is twenty times that of the desert. It is the crudest of
estimates—merely a guess, in fact—to state that, reasoning from
geologic evidence alone, it may be a thousand years since the lake dis-
appeared, yet it puts in concrete form such a guess as the geologist
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is able to make, and this guess may be correct within & margin of
error of 50 per cent.

When human records are studied some evidence on this point is
found, but it is almost as uncertain as to time as that furnished by
the physical features. The Indians in the Coachella Valley have
distinct legends to the effect that at some time in the past the valley
was occupied by & large body of water. Professor Blake records that
they told him of a time when a great body of water existed in which
were many fish, and of the manner in which that water disappeared
‘““poco & poco” (little by little) until the lake became dry.

The Indians now living in the desert put this event as far back as
the lives of four or five very old men, say, four or five centuries ago
at the most. There are, of course, no records, and there is no known
check on this assertion. Statements by Indians as to time, beyond
the limits spanned by their own memories, are notoriously inaccurate.
Furthermore, we do not know the means used to procure this state-
ment. The native races are usually very prone to follow the sug-
gestions contained in leading questions and so to give the answer
desired by the questioner. To obtain an entirely independent and
unguided answer is one of the most delicate of tasks. Yet their
statement has some value, and combining the evidence of the physical
conditions and the Indian legends we may say that it is probable that
the lake disappeared and left the desert, as we have known it in his-
torical time, from five hundred to one thousand years ago.

During the summer of 1891 the high water in the Colorado over-
flowed into Salton Sink to such an extent as to endanger the Southern
Pacific Railroad at its lowest point. In the summer of 1905, after a
succession of winter and spring floods in the Gila River, followed by
an exceptionally heavy summer flow in the Colorado, there was a
repetition of flood conditions in the sink on a much larger scale.

The gravity of the situation at this later time, however, was greatly
augmented by the interference of man. For several years preceding
a small quantity of water had been diverted from the Colorado below
Yuma, Ariz., to be used by the settlers of the Imperial Valley for irri-
gation and domestic supply. The first water was diverted in the
United States and conveyed to the Imperial Valley, after passing
through Mexican territory, by means of an old river channel which
had been one of the Colorado’s distributaries during the formation
of its delta and is now known as the Alamo River. The increased
demand for water and the silting up of the original canal heading
above the boundary line necessitated the cutting of an additional
channel from the river below the boundary to connect with the canal.
It likewise silted up, and to supply the urgent need for water & canal
was cut 4 miles below the original heading to connect the Colorado
and Alamo Rivers. This canal was not provided with protective
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headworks and had a gradient much greater than that of the river, so
that with the unusual and prolonged summer flood in 1905, it began
cutting, until in July it was carrying 87 per cent of the total flow of
the river. This large quantity of water flooded several hundred
square miles about Calexico, in the southern part of the Imperial Val-
ley, and caused serious loss both in the United States and in Mexico.
These waters ultimately reached the Salton Sea, but in so doing they
deepened and widened the Alamo River into a great gorge and devel-
oped another drainage channel to the west through Imperial Valley in
a second gorge now called the New River. Notwithstanding all at-
tempts to control it the Colorado continued to pour its waters through
the Alamo and New Rivers into the Salton Sea until the early fall of
1906, when it was finally shut off by the Southern Pacific Co. It broke
again, however, on December 7, but was closed about two months
later. Accounts of these operations have been published in the Trans-
actions of the American Society of Civil Engineers, the Engineering
News, and other engineering publications. In addition to the damage
done to the railroad the sea completely submerged the plant of the
New Liverpool Salt Co. below Meeca and a few ranches in the vicinity
of Mecca.

There is some uncertainty as to the altitude of the lowest point
of Salton Sink, and it is now believed that the depth below sea level
has been overestimated in the past. From the record of the depth of
the water as it filled the lowest portion of the basin, as kept by the
New Liverpool Salt Co., it appears that the maximum depth of water
was 17 feet on October 4, 1905 (according to the gage and as checked
by soundings later), when on the same date the water surface just
covered the United States Geological Survey bench mark a few feet
from the old Salton railway station. As this bench mark is 256.5
feet below mean sea level, it would appear that the lowest point of
the sink is 273.5 feet below mean sea level instead of 287 feet, which
has been accepted heretofore. In 1891 Southern Pacific engineers
reported the lowest point in the sink as —280.2 feet, which corre-
sponds to —273.4.feet, United States Geological Survey.

Practically all the water that enters the Salton Sea is received
through the Alamo and New Rivers, chiefly through the Alamo.
These rivers run through Imperial Valley and are the drainage chan-
nels for all the excess and waste water from the irrigation system.

OWENS LAKE BASIN

Owens Lake is a body of saline water, covering about 75 square
miles, in the central part of Inyo County. Like Mono Lake, which
lies 125 miles farther north and about 3,000 feet higher, it derives
its water from the vicinity of Mount Lyell,
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The lake is fed by the Owens River, which rises among the high
peaks of the Sierra east of Mount Lyell and directly opposite the
headwaters of the San Joaquin, at an altitude of nearly 12,000 feet.
It flows eastward into Long Valley, thence southeastward through
the Owens River Canyon into Owens Valley, thence eastward and
southward through the trough of the valley to Owens Lake, about 20
miles southeast of Mount Whitney. The total length of the river is
about 125 miles—45 miles above the lower end of the canyon and
80 miles in Owens Valley.

The basin is long and comparatively narrow, and its topography
is varied. It comprises a rough mountain slope 5 or 6 miles wide
on its east side, a valley floor about 6 miles wide, and a slope 6 to 10
miles or more wide on the west. The west-side area is made up of a
very rugged and precipitous mountain slope 4 or 5 miles wide and an
alluvial plain composed of delta-fan surfaces, ranging in width from
1 to 5 miles and sloping down to the valley floor. Owens Valley is
smooth and ranges in altitude from 3,600 feet at the south end to
about 4,100 feet at the north end. The crest of the range of moun-
tains on the east averages about 6,000 feet higher than the valley
floor. The west-side plain consists of a porous granitic alluvium of
considerable depth and ranges in altitude from about 4,000 feet at
the west edge of the valley to about 6,000 feet at the foot of the moun-
tains. It has a fairly uniform slope of 400 to 600 feet to the mile.
The eastern slope of the Sierra is very steep and rugged and ranges
in altitude from about 6,000 feet at the foot to 13,000 or 14,000 feet
at the crest. The geologic formation is granitiec.

The basin is poorly forested. The eastern slope is practically
barren of vegetation, except in places where there is a scanty desert
growth. The western slope has a very slight soil covering and only
a sparse timber growth, found chiefly along the watercourses. All
the western slope, a large part of the eastern slope, and the central
part of Owens Valley are included in national forests.

The only precipitation records available indicate that the mean
annual precipitation in the valley is about 5 inches. On the Sierra
slope precipitation probably increases northward and certainly
increases with increase in altitude. On the higher slopes it may reach
40 inches or more and falls almost entirely as snow.

The Owens River has many tributaries. More than 40 lateral
streams, many of them, however, comparatively small, drain a part
of the eastern slope of the Sierra and enter the main stream from the
west. The principal tributaries, in order from north to south, are
Rock, Pine, Horton, McGee, Birch, and Bishop Creeks opposite the
San Joaquin Basin; Coyote, Baker, Big Pine, Birch, Tinemaha,
Taboose, Goodale, Division, Sawmill (Eightmile), Thibaut, Oak,
Pine, and Symmes Creeks opposite the Kings River Basin; and
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Shepard, Bairs (Moffett), George, Hogback, Lone Pine, Tuttle, Rich-
ter, Cottonwood, and Ash Creeks opposite the Kern River Basin.
No water enters the Owens River from the east except during the
rare exceptionally heavy rainstorms.

Nearly all the streams rise in glacial lakelets and marshes, which
lie near the crest of the Sierra and serve to a certain extent as storage
reservoirs in regulating the flow. The streams emerge from the
mouths of their canyons upon the porous alluvial plain at the base of
the Sierra, across which they flow to the river. The porous alluvial
belt permits considerable loss, part of which feeds many springs
throughout the valley. Perhaps stronger evidence of the great loss
by seepage is afforded by the broad belt of somewhat boggy land that
extends over a large part of the trough of the basin. Undoubtedly .
large quantities of water can be obtained by sinking wells within this
area. Several artesian wells that have been sunk in the vicinity of
Independence yield a strong flow and give convincing evidence of an
artesian belt in the valley. With a view to the greatest ultimate
utilization of the valley’s water supply, the city of Los Angeles has
conducted special investigations to determine the depth to and fluctu-
ations in the ground-water plane and the rate of evaporation from free
water surface and saturated gravel near Independence;? also to deter-
mine the amount of precipitation on the alluvial plain at the base
of the Sierra between the 4,000 and 6,000 foot contours and the
seepage losses of creeks crossing it.

Owens Valley is extensively cultivated and particularly adapted to
stock raising. Numerous diversions are made for irrigation at differ-
ent points on the Owens River and its tributaries, particularly in the
upper part of the valley. Considerable water is also used for irrigat-
ing meadow lands in Long Valley north of the Owens River Canyon,
but it is returned to the river above the head of Owens Valley.

ANTELOPE VALLEY BASIN?

Antelope Valley is in the southwestern part of the Mohave Desert,
between the rugged mass of the San Gabriel Range and the northwest
end of the San Bernardino Range on the south and the Tehachapi
Range on the west.

The lowest part of this depression, lying at an altitude of about
2,300 feet, is occupied by Rosamond, Buckhorn, and Rogers Dry
Lakes, and the surface of the valley slopes toward this area with a
grade that decreases with distance from the mountains. The margin
of the valley lands ranges in altitude from 2,600 feet along the south
foot of the Rosamond Buttes to more than 4,000 feet on the Tehachapi
flanks. The valley is an undulating brush-covered plain, except for

3 8ee U. 8. Geol. Survey Water-Supply Paper 294, 1912.
8 From Johnson, H. R., Water resources of Antelope Valley, Calif.: U. 8. Geol. Survey Water-Supply
Paper 278, 1911, to which the reader is referred for more detailed information.

3030°—31 2
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barren steep-sided buttes and ridges, which rise island-like above the
level land and which are typified by the Sand Hills, just southwest of
Cottonwood Creek Wash; Antelope Buttes, near Fairmont; Little
Buttes, about halfway across the valley between Del Sur and Willow
Springs; Quartz Hill, about 5 miles southwest of Lancaster; a butte
at the northwest end of Buckhorn Dry Lake; and, in the eastern part
of the valley, many sand dunes.

Although in its general features Antelope Valley resembles the
Mohave Desert, its position at the immediate base of the Tehachapi
Range and Sierra Madre modifies favorably the amount and quality
cf the waters which reach the lowlands. Some of the streams flow-
ing from these higher ranges are perennial, and all supply better water

.than the smaller streams that flow from the buttes of the desert proper.
The two ranges are so high that their snow cover often remains until
midsummer and maintains a continuous though gradually diminishing
fiow of water, but the region is prevented by its position on the land-
ward side of the ranges from receiving the benefit of the heavy winter
precipitation and consequent heavy run-off of the more favored
southern and western slopes.

In general the streams of Antelope Valley flow at right angles to the
trend of the mountains in which they originate; most of these streams
converge toward Oban and thence, though their channels are less
clearly defined, sweep northeastward and empty into Rosamond
Dry Lake or its extensions, Buckhorn and Rogers Dry Lakes.

None of the streams in the valley are large. On the northern slope
of the San Gabriel Range and the southeastern slope of the Tehachapi
a few have worked their way back far enough into the ranges to
become important as water carriers. Of these Rock, Little Rock,
and Amargosa Creeks are the largest.

The main fork of Rock Creek rises in the rugged region north of
North Baldy, at an altitude of 6,500 feet, and the uppermost tribu-
taries of its south branch, which drains the region immediately north
of Mount Islop, head at an altitude of fully 8,000 feet. The creek
flows northwestward past the Shoemaker ranch to the northwest
corner of T. 4 N., R. 9 W., where it turns northward to the gravelly
margin of Antelope Valley. Here it breaks into several distributaries,
which diverge from the apex of the alluvial fan built up by the stream
itself. The more or less constant flow of Rock Creek is utilized by
irrigation canals that extend for some distance east and west from
the mouth of the canyon.

Little Rock Creek, which rises in the high granitic mountain
country in T. 3 N., R. 10 W, flows northwestward and enters Antelope
Valley near Little Rock, in the northeast quarter of T. 5 N., R. 11 W.
The channel of this creek in Antelope Valley is better preserved than
that of any of the other streams, and it is traceable almost to C. N.
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Reid’s ranch, nearly 7 miles east of Lancaster. Here, however, the
channel begins to lose its character and is not easily followed farther
toward Rosamond Dry Lake. The waters of this stream are used
to irrigate lands adjacent to the settlement of Little Rock.

Amargosa Creek, which enters Antelope Valley about 3 miles west
of Palmdale, is the only stream with even moderate flow between
Little Rock Creek and the extreme west end of Antelope Valley.

A number of streams which, though draining rather small areas,
carry considerable water, rise at the west end of Antelope Valley,
between the junction of the Tehachapi and San Gabriel Ranges.
They are fed by copious springs, which are particularly numerous at
the southwest end of the Tehachapi Range, near the foot of the steep
slopes. The largest of these creeks is called Little Cottonwood. No
accurate measurements of any of these springs or creeks are available,
but the large spring at the Liebre ranch is said to flow 1,500 gallons
an hour.

Between Little Cottonwood and Cottonwood Creeks are Fish,
Livsey, Tierra Seca, and Little Oak Creeks, each less than 5 miles
long but a source of considerable water even in summer. It is stated
that the drainage basins of these streams contain large springs which
furnish much of the stream water that eventually finds its way into
the gravel in this part of the Antelope Valley.

Cottonwood Creek, the largest stream flowing into Antelope Valley
from the Tehachapi Range, rises at an altitude of more than 6,000
feet at a point some 8 miles west of the Knecht ranch, which is prac-
tically at the apex of the great alluvial fan built by this stream below
the mouth of its canyon. Since this fan was deposited the erosional
ability of the creek has been changed, either through uplift or climatic
oscillations, so that it has carved a sharply defined gulch in its own
fan. .

Lakes and ponds, most of them intermittent, exist at & number of
points in and near Antelope Valley. The most permanent—Hughes
and Elizabeth Lakes—lie in depressions in an alluvial trough coincid-

‘ing with the San Andreas fault zone. Elizabeth Lake receives the
drainage of a small area in the surrounding hills and may be fed by
springs. Its waters remain fairly fresh, however, for at the northwest
end it overflows occasionally through a meandering channel into the
smaller Hughes Lake, which in turn feeds the headwaters of a south-
ward-flowing stream that is a part of the Santa Clara drainage
system.

Intermittent lakes of another type are formed in the lowest portions
of the broader alluvial basins by the addition of flood waters from
the surrounding drainage area that have not been absorbed on the
way by the gravel of the basin. In this arid region such waters,
combined with those due to upward leakage, usually hold in solution
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considerable saline material and on their evaporation leave the salts
as an incrustation within and about the margin of the dry lakes.
These lake or “playa’’ deposits are nearly level and form a smooth,
hard surface which, as in Rogers Dry Lake, extends for many miles.
Except during the hardest storms the lakes rarely contain water,
unless the ground-water plane approaches sufficiently near the sur-
face to produce small scattered pools and damp spots of alkali-charged
waters. Several such lakes of minor extent occur southeast of
Antelope Valley.
MOHAVE RIVER BASIN

The Mohave River rises in San Bernardino County, Calif., on the
northern slope of the Sierra Madre, its headwaters flowing from
altitudes of 5,000 to 8,000 feet above sea level. It takes a circuitous
course, winding successively to the west, north, and east, decreases in
volume as it passes onto the plains, and finally disappears in the sandy
bed a short distance below Barstow, at an altitude of 1,900 feet.
As measured by planimeter on the San Bernardino County map, the
basin comprises 1,470 square miles, of which 251 square miles may be
classed as mountains, 219 square miles as foothills, and 1,000 square
miles as plains and desert buttes.*

Many of the mountains on the west drain toward the Mohave Des-
ert, but the streams are few and small and the water disappears as
soon as it reaches the hot sands. The general slope of the valley from
the west is toward the Mohave River at the rate of 2 feet to the mile,
but the rainfall is so light—about 3 inches a year—and the summer
heat is so great that the run-off is not visible on the surface. In the
mountains of the basin heavy rains are frequent, and, falling on slopes
that are both rugged and steep, they make floods that pour out of the
hills far beyond the limit of the surface flow into the desert, fill the
porous sand and gravel of the river beds, and then disappear as rapidly
as they come.

South of Victorville, at a point known as The Narrows, the river
has cut through a low range of hills. The gorge is narrow and its
bounding walls are abrupt granite cliffs.

MONO LAKE BASIN

Mono Lake lies at the eastern base of the Sierra Nevada in east-
central California, within a few miles of the California-Nevada bound-
ary. The western rim of its drainage area, formed by the crest line of
the Sierra, coincides for 36 miles with the western margin of the
Great Basin.

The lake is 6,412 feet above the sea. The lowest pass in the serrate
mountain crest along its western border is 3,000 feet above its surface.
The highest peaks that overshadow it rise more than 6,000 feet above

47J. 8. Geol, Survey Nineteenth Ann. Rept., pt. 4, pp. 14-16, 1898.
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the level of the lake. The eastern portion of the basin partakes of
the character of the arid interior region and includes valleys covered
with sagebrush and rugged mountain slopes scantily clothed with cedar
and pifion. Over this portion no running water can be found during
the greater part of the year. That it is not really a desert is shown
by the fact that among the clumps of sagebrush it produces nutritious
bunch grass in sufficient abundance to afford pasturage for a few cattle
and horses.

The southwestern border of the basin includes magnificent moun-
tains that are clothed in favored places with forests of pine. The
highest peaks reach far above the timber line and bear a varied and
beautiful alpine flora.

The lake derives its principal water supply from the creeks that
descend the eastern slope of the Sierra and empty into it from the
south and west. The surface drainage is supplemented by a number
of springs, some of which are of considerable size.

The creeks tributary to Lake Mono are clear and flow through
channels excavated for the most part in granite and metamorphosed
sediments, but near their mouths they have eroded small gorges
through material deposited during previous high-water stages of the
lake. No chemical analyses of these waters have been made, but
they undoubtedly hold a small percentage of mineral matter in solu-
tion, which is left when evaporation takes place.

Most of the springs of the basin are either in the bottom of the lake
or near its shores, and they are most numerous near the base of the
mountains, which lie close to the western shore. Only three of those
that rise on the land have a temperature noticeably above the normal.
The character of most of those rising in the bottom of the lake is
uncertain. Some of them reveal their presence in cold weather by
vapor, seen on the lake surface above them, and are thus known to
be thermal. None of the springs of the basin are highly charged with
mineral matter; on the contrary, some of the more copious are
remarkable for their purity.

WALKER LAKE BASIN

Walker Lake, which next to Pyramid Lake is the most picturesque
and attractive of the desert lakes of Nevada, lies in the northern part
of Esmeralda County. It is supplied entirely by the Walker River,
which enters at its north end.

As one of the lakes of the region occupied by glacial Lake Lahontan,
it was described by Russell ® as follows:

The lake is 25.6 miles in its longer, or north and south axis and has an average
width of between 4.5 and 5 miles. Its area is 95 square miles. * * * Overa

5 Russell, I. C., Geological history of Lake Lahontan, a Quaternary lake of northwestern Nevada:
U. 8. Geol. Survey Mon. 11, pp. 69-70, 1885.
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large area in the central and western portions it has a remarkably uniform depth of
224 feet; but as a rule the depth increases as one approaches the western shore,
which is overshadowed by rugged mountains. The bottom throughout the cen-
tral portions is composed of fine tenacious mud, which in many places is black in
color and has the odor of hydrogen sulphide. Coarser deposits, consisting of sand
and gravel, mingled with the empty shells of Pyrgula and Pompholyx, etc., were
found only in the immediate neighborhood of the shore. * *

As in the case of the other lakes in the Great Basin situated at an elevation of
less than 5,000 feet, the shores of Walker Lake are totally lacking in arboreal
vegetation except at the river mouth and are clothed only with desert shrubs.
At the northern end and following the immediate shores of Walker River for many
miles are luxuriant cottonwood groves, together with willow banks and meadow
lands. * * *

The waters at a distance from the river mouth are of a clear deep blue, changing
to a bright-green tint near the shore, as in Pyramid Lake. They are charged
with saline matter to such an extent that carbonate of lime is now being deposited.

The Walker River, the inflowing stream, rises on the eastern slope
of the Sierra Nevada in two main branches whose basins are separated
by the Sweetwater Range. The East Fork of the Walker River
receives the drainage from the eastern slope of the Sweetwater Range
and the western slope of the Walker River Range; the West Fork
flows at the base of the main range of the Sierra Nevada. From the
union of the forks near Mason the river flows sluggishly northward,
passing through the fertile Yerington Valley (Mason Valley) to a
point east of Wabuska, where it turns east and then southeast, and
50 miles beyond the forks enters Walker Lake. The length of the
river from Walker Lake to the junction of Virginia and Green Creeks,
which form the East Fork, is about 120 miles, in which distance its
fall is about 2,400 feet. In the 50 miles below the junction of the East
and West Forks the fall is about 400 feet.

The basin contains but three large valleys—Antelope Valley on the
West Fork; Smith Valley, a fertile table-land presenting ample
opportunity for reclamation, also on the West Fork; and Mason
Valley, which takes its water from the two forks. Only recently have
the water rights in Mason Valley been adjusted. The minimum flow
is not sufficient to supply the demand during the summer, although
excellent reservoir sites near the headwaters of the forks are available
for storing the flood waters for use during the dry season. The
snowfall is very heavy, giving assurance of an ample water supply for
reservoirs.

A line of levels run by the Bureau of Reclamation from a point above
Yerington to the Carson River near the Towle ranch shows that water
can be easily diverted by gravitation from the Walker River to the
Carson River. The opportunities for the production of power
afforded by both forks are as yet undeveloped because of the small
demand for power near the rivers. Power development from the main
stream is not feasible.



NORTH PACIFIC AND GREAT BASINS, CALIF., 1805-1927 19-
CARSON SINK BASIN

Carson Sink lies in Churchill County, Nev., in the northern part
- of the Carson Desert. During the winter and spring it receives a con-
siderable supply of water from the Humboldt and Carson Rivers
and becomes a shallow, playa lake from 20 to 25 miles long and 14
miles broad. In arid summers the water supply fails and the lake
evaporates to dryness, and as desiccation becomes more intense the
salts impregnating the lake beds are brought to the surface and form
an efflorescence several inches thick. In October, 1881, the sink was
a broad mud-colored plain, covered in places with a white alkaline
crust that looked like patches of snow. In 1908 Carson Sink was
mapped by the topographers of the United States Geological Survey
as a permanent water body, 12 miles long by 12 miles broad, receiving
the Carson River on the south. The drainage line from Humboldt
Lake to the sink was marked as an intermittent river.

The Carson River is formed by its East ® and West Forks, which
rise in the extreme eastern part of California and flow northeastward
to their union near the town of Gardnerville, Nev. From this point
the river flows northward to Empire, Nev., where it turns to the east
and finally disappears into Carson Sink. It is about 160 miles long to
the head of the East Fork, and its total fall is about 6,400 feet. The
fall of the East Fork above the junction is 5,500 feet, and the fall of
the main stream in the 108 miles below the junction is about 900 feet.
Between Empire and Dayton the river occupies a deep, rugged canyon.

The principal tributaries of the East Carson are Silver King, Wolf,
Silver, Markleeville, and Leviathan Creeks. These streams drain a
rough, mountainous country, ranging in altitude from 5,000 to 11,000
feet. Good storage sites exist on all the large tributaries. Part of
the reservoir sites in Pleasant Valley and on Silver Creek have been
developed.

The area drained by the West Carson is not so large as that of the
East Carson and its altitudes are in general lower. By constructing
a reservoir at Hope Valley a large amount of power may be developed
in the West Carson Canyon.

The soil throughout the Carson and Dayton Valleys is very porous,
and its irrigation requires a large amount of water. The low-water
flow is sufficient to reclaim only a small part of the land. The
irrigated acreage may, however, be greatly increased by constructing
reservoirs on the headwaters to store the spring floods.

TRUCKEE RIVER BASIN

- The Truckee River system comprises the main river and several
minor tributaries, all having as their chief sources of supply small
mountain lakes. The Truckee River itself is the natural outlet of

¢ Called East Carson River above mouth of Markleeville Creek.
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Lake Tahoe, a beautiful mountain lake, 193 square miles in area, lying
more than 6,000 feet above sea level, and noted as the largest body of
fresh water in the United States at so high an altitude. Nearly
three-fourths of the lake is in California, and the rest is in Nevada.

Issuing from the northwest side of Lake Tahoe the Truckee flows
almost due north to the town of Truckee, Calif., where it turns east.
At Wadsworth, Nev., the river again turns north and discharges into
Pyramid and Winnemucca Liakes. From Lake Tahoe to Verdi, Nev., a
distance of 35 miles, the country is heavily timbered with fir and pine;
below Verdi barren wastes alternate with small and fertile valleys—the
Verdi Valley, the Reno or Truckee Valley, and the Wadsworth
Valley—all of which have a rich, productive soil. The total length of
the Truckee is about 110 miles, and its total fall is about 2,350 feet.

Donner Creek, the natural outlet of Donner Lake, is the first
large tributary of the Truckee, which it enters at the town of Truckee.
Prosser Creek, the second tributary and the natural outlet of several
small lakes, enters about 5 miles northeast of Truckee, and the Little
Truckee River, the natural outlet of Webber and Independence
Lakes, comes in at Boca, Calif., about 2 miles farther along. Each of
these tributaries rises at an altitude of 6,000 feet, and each flows
from a lake whose capacity can be enlarged by building a dam across
its outlet. The region about the lakes is thickly forested and receives
very heavy snowfall during the winter. During the season of thaw
this snow affords an immense run-off, almost all of which could be
stored by enlarging the natural lakes.

Three power plants have been installed on the Truckee—the Farad
(Mystic), Fleish, and Washoe plants—with an emergency plant
near Reno, Nev. The plants have an average capacity of about
2,500 horsepower each and they supply practically all the power used
by the towns of Verdi, Reno, Carson City, Yerington, Gardnerville,
Sparks, and Virginia City, Nev. There are many falls on the head-
waters of the small tributaries. '

Only data pertaining to that part of the stream which lies in Cali-
fornia are published in this paper.

PYRAMID AND WINNEMUCCA LAKE BASINS’

Pyramid and Winnemucca Lakes occupy two long, narrow basins
in Washoe and Humboldt Counties, Nev., and receive the waters of
the Truckee River, which sends a stream to each lake. The first
published account of the bifurcation of the Truckee River so as to
supply two lakes is given by King® who says:

At the time of our first visit to this region, in 1867, the river bifurcated; one half
flowed into Pyramid Lake, and the other through a river 4 or § miles long into

7 Abstracted from Russell, I. C., Geological history of Lake Lahontan: U. 8. Geol. Survey Mon. 11,
pD. 56-66, 1885,
8 U. 8. Geol. Expl. 40th Par. Rept., vol. 1, pp. 505-506, 1878,
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Winnemucea Lake. At that time the level of Pyramid Lake was 3,890 feet
above the sea and of Winnemucca about 80 feet lower. Later, owing to the
disturbance of the balance between influx and evaporation already alluded to as
expressing itself in Utah by the rise and expansion, of Great Salt Lake, the basin
of Pyramid Lake was filled up and a backwater overflowed the former region of
bifurcation, so that now the surplus waters go down the channel into Winne-
mucea Lake, and that basin is rapidly filling.

Between 1867, the time of my first visit, and 1871, the time of my last visit,
the area of Winnemuceca Lake had nearly doubled, and it has risen from its old
altitude about 22 feet, Pyramid Lake in the same time having been raised about
9 feet. The outlines as given upon our topographical maps are according to the
survey of 1867 and form interesting data for future comparison.

The differences in altitude between Pyramid and Winnemucca
Lakes as reported by King and determined by Russell in 1882 are as
follows: In 1867 Pyramid was 80 feet higher than Winnemuecca; in
1872 Pyramid was 67 feet higher than Winnemuecca; in 1882 Pyramid
was 12 feet higher than Winnemucca, as determined by engineer’s
level. In 1890, when the region was surveyed by the topographers of
the United States Geological Survey, Pyramid was but 5 feet higher
than Winnemucca. The waters of both lakes are alkaline and brack-
ish. Their shores, like those of all the lakes in the lower part of the
Great Basin, are clothed only with scanty growths of desert vegetation.

In the southern part of Pyramid Lake the water is slightly dis-
colored by multitudes of shining particles that are rendered visible
when a ray of light is passed through it. The lack of transparency is
apparently due to the suspended silt brought down by the Truckee
River. In the northern part of the lake the water is wonderfully
clear and at some distance from the land is deep blue.

The largest islands in Pyramid Lake are Pyramid and Ansaho,
which rise in its southern part near the eastern shore. Anaho Island
rises 520 feet above the water level of 1890 and is surrounded by
water 150 to 300 feet deep. Pyramid Island rises 320 feet above the
water level of 1890, and the water near its base is 150 to 175 feet deep.

HONEY LAKE BASIN®

Honey Lake occupies a shallow depression in the eastern part of
Lassen County, Calif. It is supplied principally from the Susan
River, which enters it from the northwest, but during the rainy
season it receives some water from Long Valley and from springs
along its north side. The lake varies in area with the seasons, as
well as from year to year, and in times of unusual aridity it becomes
completely dry. Its shores are, as a rule, low and marshy and in
places form broad tule swamps. Its water is strongly alkaline,
unfit for human use, and always of a greenish-yellow color from the
impalpable mud it holds in suspension.

? Abstracted from Russell, I C., Geological history of Lake Lahontan: U. 8. Geol. Survey Mon. 11,
pD. 55-56, 1885,
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A considerable area of land is irrigated by water from the Susan
River, and several projects for irrigating other extensive areas by
storage of its waters both above and below the town of Susanville
have been under consideration.

The principal tributary of the Susan River, Willow Creek, flows
from springs which are presumably fed by seepage from Eagle Lake,
which has no surface outlet. It flows southward and joins the Susan
River about 12 miles below Susanville. TIts only large tributary is
Petes Creek, which drains a considerable area in the eastern part of
the basin. The drainage area of the main stream has a good timber
covering, but that tributary to Petes Creek is barren of timber.
The entire basin is composed of lava rock with a light covering of soil
and contains large stretches of barren table-lands with scattered
peaks of volcanic origin. There is a large area of cultivated land
along Willow Creek above the gaging station at Standish, and
considerable water is diverted for irrigating lands adjoining the
stream. .

STREAM FLOW

GAGING STATIONS

The following list comprises the gaging stations that have been
maintained in California in the minor San Francisco Bay, northern
Pacific, and Great Basins. The stations are arranged in down-
stream order, and tributaries are indicated by indention. A dash
after the last date in a line indicates that the station was being
maintained September 30, 1927.

MINOR SAN FRANCISCO BAY BASINS
COYOTE RIVER BASIN

Coyote River near Madrone, Calif., 1902-1912; 1917-
Coyote River at Coyote, Calif., 1916-1923.
Coyote River near Edenvale, Calif., 1916—
Coyote River at San Jose, Calif., 1917.
Laguna Seca near Coyote, Calif., 1918.

ALAMEDA CREEK BASIN

Alameda Creek near Sunol, Calif., 1911-
Alameda Creek at Sunol, Calif., 1900~
Alameda Creek at Niles Dam, Calif., 1891-1900.
Alameda Creek near Niles, Calif., 1916
Alameda Creek near Decoto, Calif., 1916-1919.
Calaveras Creek near Sunol, Calif., 1910-
San Antonio Creek near Sunol, Calif., 1912~
Arroyo de la Laguna near Pleasanton, Calif., 1912~
Alamo Creek at Dublin, Calif., 1914-1920.
Tassajero Creek near Pleasanton, Calif., 1914—
Arroyo Mocho near Livermore, Calif., 1912—
Arroyo las Positas near Livermore, Calif., 1912
Arroyo del Valle near Livermore, Calif., 1912- °
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Alameda Creek—Continued.
Spring Valley Water Co.’s aqueduct near Sunol, Calif., 1903—
Laguna Creek at Irvington, Calif., 1916-1919.
Dry Creek near Decoto, Calif., 1916-1919.

- SAN PABLO CREEK BASIN

San Pablo Creek near San Pablo, Calif., 1917-1919.
San Pablo Creek at San Pablo, Calif., 1917-1919

NORTHERN PACIF1C BASINS
RUSSIAN RIVER BASIN

Russian River near Ukiah, Calif., 1911-1913.
Russian River at Geyserville, Calif., 1911-1913.
East Fork of Russian River near Ukiah, Calif., 1911-1913.

MATTOLE RIVER BASIN
Mattole River near Petrolia, Calif., 1911-1913.
EEL RIVER BASIN
South Eel River at Hullville, Calif., 1922—

23

South Eel River and Snow Mountain Water & Power Co.’s tailrace near Potter

Valley, Calif., 1909
South Eel River at Hearst, Calif., 1911-1913.
Eel River at Two Rivers, Calif., 1911-1913.
Eel River at Scotia, Calif., 1911—

Snow Mountain Water & Power Co.’s tailrace near Potter Valley, Calif.,

1922~
Middle Fork of Eel River near Covelo, Calif., 1911-1921.
South Fork of Eel River at Garberville, Calif., 1911-1913.
Van Duzen River at Bridgeville, Calif., 1911-1913.
Yager Creek at Carlotta, Calif., 1911-1913.

MAD RIVER BASIN
Mad River near Areata, Calif., 1911-1913.
REDWOOD CREEK BASIN

Redwood Creek near Korbel, Calif., 1911-1913.
Redwood Creek at Orick, Calif., 1911-1913.

ELAMATH RIVER BASIN

Klamath River near Copco, Calif., 1923— -
Klamath River near Seiad Valley, Calif., 1912-1925.
Klamath River near Happy Camp, Calif., 1911-12.
Klamath River near Requa, Calif., 1911-1926.
Antelope Creek near Maedoel, Calif., 1921-22,
Butte Creek near Macdoel, Calif., 1921-22.
Bear Creek near Macdoel, Calif., 1921-22.
Shasta River near Montague, Calif., 1911-
East Fork of Scott River near Callahan, Calif.. 1910-11.
Scott River near Scott Bar, Calif., 1911-1913.
Indian Creek near Happy Camp, Calif., 1911-12. -
Reeve Davis flume near Happy Camp, Calif., 1911-12.
Salmon River at Somesbar, Calif., 1911-1913.
Trinity River near Trinity Center, Calif., 1911-12,
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Klamath River—Continued.

Trinity River at Lewiston, Calif., 1911~

Trinity River near China Flat, Calif., 1911-1913.

Trinity River at Hoopa, Calif., 1911-1914; 1916-1918.
Coffee Creek at Coffee, Calif., 1911-1914.
East Fork of Trinity River near Trinity Center, Calif., 1911.
Swift Creek near Trinity Center, Calif., 1911.
North Fork of Trinity River at Helena, Calif., 1911-1913.
South Fork of Trinity River near China Flat, Calif., 1911-1913.

SMITH RIVER BASIN

Middie Fork of Smith River near Crescent City, Calif., 1911-1913; 1915-16.
North Fork of Smith River near Crescent City, Calif., 1911-1913.
South Fork of Smith River near Crescent City, Calif., 1911-1913.

GREAT BASIN
SALTON SINK BASIN
Alamo River near Brawley, Calif., 1909-1911.
WHITEWATER RIVER BASIN

Snow Creek near Whitewater, Calif., 1921
Southern Pacific Co.’s diteh near Whitewater, Calif., 1921~
Falls Creek near Whitewater, Calif., 1922-

OWENS LAKE BASIN

Owens River near Round Valley, Calif., 1903-1923.
Owens River at Pleasant Valley, near Bishop, Calif., 1925-
Owens River near Big Pine, Calif., 1906—
Owens River near Lone Pine, Calif., 1909-1918.
Owens River near Citrus, Calif., 1904-5.
Rock Creek at Sherwin Hill, near Bishop, Calif., 1925~
Rock Creek near Round Valley, Calif., 1903-1924.
Pine Creek at division box near Bishop, Calif., 1925~
Pine Creek near Round Valley, Calif., 1903-1924.
Bishop Creek near Bishop, Calif., 1903-1911.
Baker Creek near Big Pine, Calif., 1907.
Big Pine Creek near Big Pine, Calif., 1904-1911.
Tinemaha Creek near Big Pine, Calif., 1907-1911.
Birch Creek near Big Pine, Calif., 1907-1911.
Taboose Creek near Aberdeen, Calif., 1906-1911.
Goodale Creek near Aberdeen, Calif., 1906-1911.
Division Creek near Independence, Calif., 1906-1910.
Sawmill Creek near Independence, Calif., 1906-1909.
Oak Creek near Independence, Calif., 1906-1911.
Little Pine Creek near Independence, Calif., 1905-1911.
Shepard Creek near Thebe, Calif., 1906-1909.
Bairs Creek near Thebe, Calif., 1906-1909.
George Creek near Thebe, Calif., 1906-1909.
Lone Pine Creek near Lone Pine, Calif., 1906-1911.
Tuttle Creek near Lone Pine, Calif., 1906-1911.
Cottonwood Creek near Olancha, Calif., 190§-1911.
Ash Creek near Olancha, Calif., 1906-1909.

ANTELOPE VALLEY BASIN

Little Rock Creek near Palmdale, Calif., 1896—1899.
Rock Creek near Valyermo, Calif., 1923~
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MOHAVE RIVER BASIN
Mohave River at Victorville, Calif., 1899-1905.
MONO LAKE BASIN

Rush Creek near Mono Lake, Calif., 1910-1912.
Leevining Creek near Mono Lake, Calif., 1910-1913,

WALKER LAKE BASIN

East Walker River near Bridgeport, Calif., 1921
Robinson Creek near Bridgeport, Calif., 1910-1912.
Buckeye Creek near Bridgeport, Calif., 1910-1912.
Swager Creek near Bridgeport, Calif., 1911-1912.
West Walker River near Coleville, Calif., 1902-1910; 1915—
East Fork of West Walker River near Bridgeport, Calif., 1910.

CARSON SINK

East Fork of Carson River near Markleeville, Calif., 1910—
East Fork of Carson River at California-Nevada State line, 1911-1914.
Silver Creek near Markleeville, Calif., 1910-1912.
Markleeville Creek near Markleeville, Calif., 1911-
Markleeville Creek at Markleeville, Calif., 1910-
Pleasant Valley Creek at Markleeville, Calif., 1910-11.
West Fork of Carson River at Woodfords, Calif., 1900-1920.

PYRAMID AND WINNEMUCCA LAKES BASINS

Truckee River at Tahoe, Calif., 1895

Truckee River at Boca, Calif., 1890.

Truckee River at Iceland, Calif., 1912-

Truckee River at Nevada-California State line, 1899-1912.
Donner Creek at Donner Lake, near Truckee, Calif., 1909-16.
-Donner Creek near Truckee, Calif., 1902-1915.

Prosser Creek near Truckee, Calif., 1903-1912.
Prosser Creek at Boea, Calif., 1889-90.
South Fork of Prosser Creek near Truckee, Calif., 1909-10.
Little Truckee River near Truckee, Calif., 1909-10.
Little Truckee River at Starr, Calif., 1903-1910.
Little Truckee River at Boca, Calif., 1890; 1911-1915.
Webber Creek near Truckee, Calif., 1909-10.

Independence Creek below Independence Lake, Calif., 1902-1910.

HONEY LAKE BASIN

Long Valley Creek near Scotts, Calif., 1917.

Baxter Creek near Lassen, Calif., 1913-1915; 1918-19.
Schloss Creek at Lassen, Calif., 1915; 1918-19.
Janesville Creek at Lassen, Calif., 1915; 1918-19.

Susan River near Susanville, Calif., 1900-1905; 1917-1921.
Gold Run Creek near Susanville, Calif., 1915-16.
Lassen Creek near Susanville, Calif., 1915,

Willow Creek at Merrillville, Calif., 1904-5.
Willow Creek near Standish, Calif., 1905.
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SURPRISE VALLEY BASIN

Bidwell Creek near Fort Bidwell, Calif., 1911-12; 1918.
Bidwell Creek at Fort Bidwell, Calif., 1918-19.
Keeno Creek near Fort Bidwell, Calif., 1918-19.
Twelvemile Creek near Fort Bidwell, Calif., 1918-19; 1922.
East Fork of Horse Creek near Fort Bidwell, Calif., 1918-19.
West Fork of Horse Creek near Fort Bidwell, Calif., 1917-1919.
Rock Creek near Fort Bidwell, Calif., 1918-19.

MAXIMUM AND MINIMUM DISCHARGES

Mazimum and minimum discharges recorded at stations in the minor San Francisco
Bay, northern Pacific, and Great Basins, Calif.

Minor San Francisco Bay Basins

Maximuom discharge
Period of | Drain Dis- | mom
eriod o rain- is- | mum
Station record |age ares) Gage charge | dis-
Date height Discharge| per |charge
18 ) square
mile
Sg. mi. Feet | Sec.-ft. | Sec.-ft. | Sec.-ft.
Alameda Creek near Niles._.._... 1916~1927 633 | Feb. 10,1922 | 12.44 13,900 | 22.0 0
Coyote River near Madrone._.._. }9902-17 lgg 193 | Mar. 11,1911 25,000 | 130 0
1
Coyote River near Edenvale..___ 1916-1927 Feb. 11,1922 | 12.8 10, 000 0
Northern Pacific Basins
Eel River at Scotia_._.. 1911-1927 Feb. 2,1915 | 556.5 290, 000 10
Klamath River near Requa - 1911-1926 | .oofo.__ do____._. 33.3 182,000 {._______ 1,340
Shasta River near Montagu 1911-1927 Feb. 11,1925 | 14.9 5,700 1.0
Trinity River at Lewiston.__._ 1911-1927 | __._.] Nov. 30,1926 | 18.3 31, 900 23
Great Basin
West Fork of Carson River at | 1900-1920 70 | May 9, 10, 1,570 | 22,4 0
‘Woodfords. 1906.
Owens River near Big Pire__.____ 1906-1927 Jan. 26,1914 3,220 36
Owens River near Lone Pine. July 7,1909 2,060 [o._____ 4
Owens River near Round Val June 30,1907 1,190 2.64 5.4
Pine Creek near Round Valley___| 1903-1923 June 22,1911 370 | 11.6 !
Rock Creek near Round Valley__| 1903-1923 Jan. 25,1914 5.0 360 7.8 14
Susan River at Susanville._______ 19(;01};905, Feb. 22,1904 9.9 1,750 .8
)
1916-1021
Truckee River at Iceland. ._...... 1907-1927 937 | Mar. 18,1907 ¢15,300 | 16.3 40
Truckee River at Tahoe......._.. 1895-96 519 | July 13-20, a 1,340 2.58 0
1900-1924 1907.
‘West Walker River near Coleville.| 1915-1927 245 | June 12,1921 5.74 2,710 ] 111 14

@ Mean daily discharge,
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PRELIMINARY REPORT ON THE GROUND-WATER SUPPLY
OF MIMBRES VALLEY, NEW MEXICO

By Warrer N. WaITE

GENERAL FEATURES OF MIMBRES VALLEY

This report relates to the supply of water that occurs below the
surface of the Mimbres Valley, an extensive plain in the south-
western part of New Mexico, which may be defined as the lowland
part of the potential drainage basin of the Mimbres River. (See
pl. 1.) Thus defined, the Mimbres Valley, north of the Mexican
border, nearly coincides with Luna County and covers an ares of about
2,500 square miles. North of this great plain is an extensive upland
area which includes the Mimbres, Black, and Pinos Altos Mountains
and the Cooks Range. The Mimbres River and its principal tribu-
taries rise in these mountains and discharge southward upon the
lowland plain. They are all ephemeral streams except for a few
stretches in the mountains that are fed by springs.

The mountains consist of hard rocks of many kinds that have a wide
range in age and a complex structure. The lowland plain is in most
places underlain to considerable depths by clay, sand, and gravel that
have been derived from the rock waste washed out from the moun-
tains. The plain is diversified by numerous mountains and buttes,
which are projecting parts of rock masses partly buried by the valley
fill. The porous beds of the valley fill form a great underground
reservoir, which contains a large supply of water that has been con-
tributed during a long period by the Mimbres and other mountain
streams. Over a large part of the Mimbres Valley the ground water
stands within 100 feet of the surface, and in a few relatively small
tracts the depth to the water table is less than 25 feet.

The city of Deming, which is estimated to have a population of
about 3,500, is near the center of the Mimbres Valley. It is on the
main line of the Southern Pacific Railroad and on the branch line of
the Atchison, Topeka & Santa Fe Railway that leads to Silver City.
It is also on a well-improved east-west highway, which is extensively
used in transcontinental travel, especially in winter. The valley is
utilized for cattle ranching and irrigation farming. The precipita-
tion, which averages about 10 inches a year and occurs chiefly in
rainstorms during the summer, is not sufficient to permiit farming

69
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without irrigation, but in favorable years it produces a good growth of
grass on the range. Irrigation is accomplished chiefly with water
pumped from wells.

HISTORY OF IRRIGATION WITH GROUND WATER

Irrigation by pumping from wells began in the Mimbres Valley dur-
ing the period 1908 to 1911, About 1912 there was a rapid expansion
in pumping development, which at first had been more or less of an
experiment, and, according to Darton,' by 1914 nearly 200 pumping
plants were installed or under erection. These pumping plants were
spaced over a large area, extending from Deming southward 33 miles
to the Mexican border, eastward about 15 miles to Miesse, and west-
ward about 7 miles to the locality of Red Mountain. (See pl. 1.)

A large part of the development was undertaken by men who had
practically no experience in the operation of pumping plants, many
knew little or nothing about irrigation of any kind, and some had
never farmed before. Little attention was given by these inexperi-
enced men to economy in pumping-plant installation and operation
or to the question whether the soils of the lands placed under irriga-
tion were adapted for producing the crops irrigated. As a result
operating costs exceeded crop returns, and many of the pumping-
plant owners became discouraged and abandoned their farms. The
decline in pumping activily was almost as rapid as its rise, and,
according to the best information available, by 1918 or 1919 only
about 25 pumping plants were in operation. The slump continued
for several years. About 1923 or 1924 a revival in development
began, and there has been a gradual but steady increase ever since.
There are now 116 pumping plants in operation. This number
includes the railroad, smelter, sanitarium, county, and city plants,
all located at or near Deming, but does not include small outfits used
for stock or family supply. About 6,000 acres is under irrigation
with pumped water. This year there has been a net gain of 9 in the
number of plants operated and an increase of 500 acres in the irrigated
area. The present pumping-plant owners with few exceptions are
good farmers. The lands are well cultivated, and good judgment is
shown in the choice of crops and in the methods used in irrigating
them. The pumping plants are operated with fair efficiency, although
in some the machinery is in poor condition. As a result most of the
farmers are making money.

PURPOSE AND SCOPE OF PRESENT INVESTIGATION

The recent success of irrigation has led the landowners in the
valley and the business men of Deming to believe that the ground-

1 Darton, N. K., Geology and underground water of Luna County, N. Mex.: U. 8. Geol. Survey Bull.
618, p. 122, 1916.



GROUND-WATER SUPPLY OF MIMBRES VALLEY, N. MEX. 71

water resources of the valley should be developed to the safe limit
of the available supply. It is recognized that overdevelopment would
be fatal to the best interests of the community and that future expan-
sion in pumping activities should be guided by as adequate informa-
tion as it is possible to obtain concerning the extent of this resource.

About two years ago the Deming Chamber of Commerce, through
the influence of several of its most public-spirited members, requested
Herbert W. Yeo, State engineer of New Mexico, to make plans for a
survey of the valley that would lead to a quantitative estimate of
the water supply. At his request, Albert G. Fiedler, a hydraulic
engineer in the United States Geological Survey, made a preliminary
study of the problem in August, 1927. Shortly thereafter Mr. Fiedler
incorporated his findings in a report,? copies of which were transmitted
to the State engineer and to the Deming Chamber of Commerce.
The report contained a summary of the information then available
that had a bearing on the problem and concluded with the estimate
that a proper investigation would require the services of a geologist
and engineer equivalent to the time of one man for a period of about
two years.

Late in September, 1927, Mr. Fiedler revisited the valley and
selected 25 observation wells, on five of which automatic water-stage
recorders were installed. Under the direction of the State engineer
observations of water levels in these wells were made at frequent
intervals during the fall, winter, and spring of 1927-28. In the
meantime arrangements were made through the State engineer to
have the desired investigation made by the United States Geological
Survey, under the direction of Oscar E. Meinzer, geologist in charge
of the division of ground water. The writer was assigned to the
project and began field work in July, 1928. More than a year has
since elapsed, and it is now deemed advisable to submit a preliminary
report giving some of the results. The investigation is by no means
completed, however, and therefore only tentative conclusions can be
drawn.

The investigation is chiefly concerned with the quantity of ground
water available, the practical problem being to determine how much
water can be pumped without seriously depleting the underground
reservoir and lowering the water table below the limits of the eco-
nomic pumping lift.

An underground reservoir is not unlike a surface reservoir. If
inflow exceeds withdrawal the water level in the reservoir rises, but
if withdrawal is greater than inflow the level declines. In an under-
ground reservoir, especially if it is of great size, the withdrawal may
for a time exceed the average annual recharge without causing serious

2 Fiedler, A. ., Report on a reconnaissance of the ground-water area of the Mimbres Valley, Luna
County, N. Mex.: New Mexico State Engineer Eighth Bienn. Rept., pp. 159-171, 1928,



72 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1930

trouble, but eventually a considerable lowering of-the water level may
result and it may become necessary to restrict pumping to an amount
no greater than the recharge.

Fluctuations in ground-water levels afford a valuable clue as to the
amount of the annual recharge and as to whether discharge is less,
equal to, or in excess of recharge. An important part of the investi-
gation therefore is being devoted to studies of seasonal and yearly
changes in ground-water levels. Regular observations of water-level
fluctuations are being made on about 150 wells, including 23 of the
wells selected by Mr. Fiedler (two wells selected by Mr. Fiedler have
become dry). These wells are spaced to cover a wide area from
Deming north to the mountains and south to the Mexican border.
Six of the wells located at critical points are equipped with automatic
water-stage recorders, which are constructed to give continuous
graphic records of all changes in water level. The other observation
wells are measured monthly with a steel tape.

It is important to know how and where the water reaches the
underground reservoir. Studies have therefore been made of the
facilities for the intake of ground water in different parts of the valley
and surrounding areas. The Mimbres River is the largest contributor
to the ground-water supply, and hence current-meter measurements
have been made to determine the rate of seepage losses from different
sections of this stream. One set of such measurements has also been
made on Lampbright Draw. Elsewhere the areas of possible intake
have been studied by observing the materials underlying the surface
and making tests of these materials to determine their capacity for
quick absorption of water during the comparatively brief periods
that surface flows exist. Much depends upon the capacity of the
water-bearing beds to conduct ground water from areas of intake to
the pumped areas. Considerable time, therefore, has been devoted
to studies of the permeability of the water-bearing formations, the
gradient of the water table, and finally the rate of ground-water move-
ment. Measurements of the underflow beneath the bed of the
Mimbres River have been made at two points in the cross section at
the dam site 30 miles north of Deming, and further work of this sort
will be undertaken in the summer of 1930.

SOURCE OF THE GROUND WATER

~

The volume of water stored in the beds of sand and grs;f{'el that
underlie the Mimbres Valley is very great—probably several times
the volume annually discharged by the Rio Grande at the Elephant
Butte Reservoir. Where does the water come from? This question
can be definitely answered. A contour map of the water table has
been prepared from data obtained by carrying lines of levels to about
200 wells in which the depth to the water level was measured. (This
map will be submitted with the final report.) It shows that practi-
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cally everywhere under the valley the water table slopes from north-
‘west to southeast. As ground water, following the laws of hydraulics,
moves in the direction of the hydraulic gradient or slope of the water
table, the map shows that the ground water is coming chiefly from the
upper end of the valley. The Mimbres River and its tributaries,
the chief of which is San Vicente Arroyo, enter the valley there and
contribute the greater part of the inflow of surface water into the
valley. These streams shrink rapidly upon reaching the plain and
in times of low flow disappear within a short distance after leaving
the bedrock of their mountain courses. ~ At the upper end of the valley
the water table slopes away from the river as well as in the direction
of the surface slope, and wells near the stream display a rapid and
pronounced rise after a run of water of fair magnitude and length.
From these facts and others discussed later in this report it is concluded
that a very large part of the supply comes from the main Mimbres
River. Lesser quantities are contributed by San Vicente Arroyo
and its tributaries. Comparatively little water is contributed by
run-off from the Florida Mountains or from the low mountains and
hills on the west side of the valley. The run-off from the Cooks
Range is a factor of some importance, because storm waters from the
northwest slopes of the range discharge into the Mimbres River and
later a part of this run-off reaches the ground water through the sand
and gravel of the river bed. Run-off from the south and southeast
slopes of the range also provides ground-water recharge, but the
amount is believed to be small. Nd@&thward from Spalding the surface
gradients are steep and there is considerable run-off from precipitation
on the valley floor itself, which reaches the Mimbres River or its
tributaries and later seeps underground through the river bed. More-
over, large areas in that part of the valley are underlain by coarse
gravel through which some ground-water recharge may take place
directly from rainfall, although the gravel is nearly everywhere
cemented or partly cemented, and the amount of such recharge is
probably small. It may safely be stated that southward from
Spalding practically no recharge takes place from precipitation on
the valley floor and the area of ground-water intake is largely limited
to the bed of the Mimbres River.

The opinion has been expressed by several residents of Deming that
the ground water of the Mimbres Valley comes from the headwaters
of the Rio Grande in Colorado or from some other distant mountain
area. This is believed to be impossible. Hundreds of miles of high
plateau and mountainous country, underlain by dense rocks through
which water moves very slowly if at all, lies between the Mimbres
Valley and those distant regions. Even if it were possible for water
to move great distances through rocks of this character the amount
that could percolate would be exceedingly small.
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STREAM DISCHARGE AND UNDERFLOW

The State engineer’s office and the United States Geological Survey
have together maintained gaging stations on the Mimbres River near
Faywood and near Mimbres and on Lampbright Draw and Cameron
Creek, two of the larger tributaries of San Vicente Arroyo, for periods
of varying lengths during the last 20 years or so. The stations on
Lampbright Draw and Cameron Creek have been discontinued, but
those on the Mimbres River are still in operation.

Summary of records of discharge of Mirgba‘ei River, Lampbright Draw, and Cameron
ree

[Compiled from published records of the State engineer and United States Geological Survey]

Drain- Average anm%al t(%iseharge (acre-
age area Length e
above Period
Stream station | of record o(fyr‘;o:?sx;d
(square Full 1914-16 | Restof
miles) period period
Mimbres RiVer & .o 450 { {g‘l’gjgég} 20| 16400 | 54,500 9,700
Lampbright Draw. .. __..._._.________. 30 | 1913-1922 10 1,300 3, 000 400
Cameron Creek..._____________________ 20 { 190176114910} 5| ?1,600 6, 000
+ Faywood gaging station.

b Discharge in 1914.

The writer has not examined the sites of the discontinued stations on
Lampbright Draw and Camerog Creek. At Faywood station on
the Mimbres, where the 20-year record was obtained, the river bed
is sandy and shifts considerably with every large flood. Under such
conditions the computation of stream discharge from records of gage
height is subject to some inaccuracy, particularly during periods
of very large or very small discharge. However, the figures for average
discharge given in the table were prepared by engineers of experience
in the interpretation of stream flow in shifting channels and are
assumed to be accurate within reasonable limits.

The outstanding feature of the performance of these streams is the
proportionately great discharge that occurred during the wet years
1914 to 1916. 'The total discharge of the Mimbres River during these
three years amounted to about 164,000 acre-feet, whereas the total
during the remaining 17 years of record amounted to only about
165,000 acre-feet.

The figures in the table give the surface discharge but do not
include the underflow, the amount of which, for the Mimbres River, is
popularly believed to be large. Considerable attention was given to
this question in the investigation.

About 1,000 feet above the Faywood gaging station the river cuts
across a ridge of highly resistant and relatively impermeable igneous
rock. At this point the width of the channel between opposite
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rock walls is only 750 feet, and depths to the bedrock beneath the
channel as disclosed by exploratory drilling are comparatively small.
This is the site on which it has been proposed to construct a dam to
conserve the flood and waste waters of the Mimbres.

As a result of the constriction of the valley at this point, both in
width and in depth, much of the underflow is brought to the surface
as springs, the discharge from which flows down past the gaging
station and is taken into account in the gaging records. Some of
the underflow continues underground through the gravel overlying
the crest of the rock barrier. Measurements of this underflow were
undertaken according to Slichter’s methods with some variations.
Four well points were driven into the gravel in ground plan about as

follows:
A

E/I\B

In this arrangement A is the upstream well; B, C, and D were driven
4 feet from A in a downstream direction, B directly downstream and
C and D respectively 2 feet to the right and 2 feet to the left. The
rate of underflow was determined by introducing salt water into well
A and then recording the time interval required for the salt to reach
one of the downstream wells, a silver nitrate solution being used to
detect the arrival of the salt in the lower well. The work was attended
by considerable difficulty. The river sand and gravel at the dam
site were interspersed with boulders, and the points could be driven
only 2 or 3 feet below the water table. The first wells were put down
early in August and before the experiment could be completed were
caught by a flood on August 9 and filled with mud and silt. The
experimental work was renewed early in September, and eventually
determinations were made showing velocities of 26 and 29 feet a day,
respectively, at two points in the cross section, one about 200 feet
from the east bank and the other about 250 feet from the west bank.

The exploratory drilling at the dam site was done many years ago,
and no accurate figures as to the depths to bedrock have yet been
found by the writer. According to report the average depth was
found to be about 20 feet. On this basis the gravel along the line
between rock outcrops would have a cross-section area of 15,000
square feet. Practically everywhere that underflow measurements
have been made it has been found that the velocity of the underflow
decreased with the depth below the bed of the stream.

If it is to be assumed that the underflow at the Mimbres dam site
does not decrease with the depth of the gravel, that the average of
the two observed rates of underflow (27.5 feet a day) represents the
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average velocity in the entire cross section, and that the effective
porosity of the gravels is 25 per cent, this total underflow amounts
to 1.17 second-feet, or 850 acre-feet a year. In the table below these
figures are compared with the results of several well-known under-
flow measurements and estimates made by Slichter on other streams.

Comparison of tentalive estimaie of underflow of Mimbres River with underflow
measurements on other sireams made by Slichter

Area of Total
cross Velocity u.ndgrﬂ
Stream Locality section (f%et per | "G Ongfv
(sauare ay) foet)
Mimbres River Near Faywood gaging station.....__ 15, 000 27.5 117
Rio Grande_____.__ Near El Paso, Tex.. __.co.ooo..._. 11, 200 3 .13
Mohave River Near Victorville, Calif - 4,160 50 1—
Arkansas River. Near Garden City, Kans... ... 75, 000 10 2.9

It is estimated that the run-off from about 400 square miles in
addition to the 500 square miles drained by the Mimbres River,
Lampbright Draw, and Cameron Creek contributes to the ground-
water supply of the Mimbres Valley. This additional area com-
prises the mountains back of Silver City and Santa Rita, the north-
west and south slopes of the Cooks Range, and the foothills and
steeper parts of the valley floor at the upper end of the valley. Accord-
ing to the records the rate of run-off from a square mile of the drainage
basins of Lampbright Draw and Cameron Creek does not differ
greatly from that from a square mile of the main Mimbres drainage
basin in corresponding years.

For purposes of computation it is assumed that the average rates
of run-off from these three drainage areas are equal and that the
average rate of run-off from the additional 400 square miles referred
to is half as great. On this basis the observed 20-year discharge of
the Mimbres River plus the estimated underflow is made applicable
to the entire 900 square miles, and the total stream discharge from
which the ground water of the valley is chiefly derived is computed as
follows:

Estimated stream discharge into Mimbres Valley from which the ground water is
chiefly supplied

Numb Averaée

. umber annu:

Period of years | discharge
(acre-feet)

10081028 e 20 26, 700

30 41006 e 3 85, 700

1908-1910, 1912-18, 1917-1928 _ _ e 17 16, 300
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FACILITIES FOR GROUND-WATER INTAKE

Considerable attention has been given during the investigation to
studies of the permeability of the soils of the valley and of the stream-
bed gravel, sand, and clay, with the object of obtaining information
as to the facility of these materials for taking in water. Penetration
by rainfall has been studied, and observations have been made of the
rate at which storm waters sink in borrow pits and in trenches along
the roadside. Cylinders were driven into the normal bed of the
Mimbres River and into the soils of adjacent areas over which the
river spreads during periods of high discharge, and later tests were
made of the rate at which the water would penetrate into the inclosed
soil columns.

It was found that water under a small head percolated downward
very rapidly in river-bed gravel and sand—so rapidly, in fact, that
attempts to compute the rate of movement were unsuccessful. Perco-
lation was also rapid in the sandy soils, a depth of a foot or more of
water disappearing in such soils in a day. The rate of downward
movement in the cemented gravel underlying the bench at the north
end of the valley is slow, observed rates of subsidence of storm waters
in gravel pits in these materials ranging from 2 to 5 inches a day.
Observed depths of water penetrating clay or clay loam in natural
depressions and in borrow pits under a head of 6 inches to a foot
ranged from half an inch to 4 inches a day. In silty soils the move-
ment was found to be much slower, observed rates of penetration
under a head of 1 foot ranging from a small fraction of an inch to an
inch daily.

At the upper end of the valley the normal and flood channels of the
Mimbres River and other large streamways consist in great part of
gravel and boulder beds which are highly permeable and take in water
with great rapidity. The bed of the Mimbres River below Spalding
consists of gravel and sand, much finer than the gravel and boulders
of the upper river and not nearly so permeable, although they take
in water with considerable readiness. The high boulder-strewn
alluvial slopes adjacent to the Cooks Range and the Florida Moun-
tains are well adapted for ground-water intake, but the portion of
these slopes underlain by coarse materials is not over a mile or two in
width. Once the streams are across this narrow belt the opportuni-
ties for the water to penetrate to any considerable depth are not
good, the middle and lower portions of the alluvial slopes as well as
the lowlands at the foot of these slopes being underlain in most places
by comparatively impervious clay loam and silt. The surface gravel
of the plain at the upper end of the valley, as has been stated, is more
or less cemented and takes in water slowly. In wet years, however,
local precipitation and run-off may penetrate in moderate quantities

3030°—31——6
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to the water table through this gravel. San Vicente Arroyo delivers
the run-off from about 200 square miles to the Mimbres. In its
upper reaches the beds of this arroyo and its tributaries consist of
boulders, gravel, and sand, which are favorable for ground-water
intake. From a point near Whitewater (see pl. 1) downstream to
its junction with the Mimbres the arroyo is largely in clay loam and
silt that are only slightly permeable. Moreover, the water that
reaches the lowermost few miles of the arroyo is diverted and spread
over pasture lands, where it is largely dissipated by transpiration of
the grasses and by evaporation. The water that reaches the lower
part of the Mimbres River below the bridge 6 miles east of Deming is
largely spread over a rather wide expanse of valley land. During
the growing season ordinary runs of water, up to about 75 second-feet
are diverted through the Wamel Canal at a point about 2 miles
southwest of Black Mountain (see pl. 1) and used for the irrigation
of pasture land and a small area of cultivated land northwest and
west of Deming. Downstream from a point about 8 miles east of
Deming the channel of the river becomes small, and still farther on,
near the north point of the Florida Mountains, it disappears entirely.
As there is nothing to restrain the water in these localities the floods
spread out over the valley in shallow sheets, the area covered depend-
ing upon the amount of water brought down by the floods. In
general neither the areas served by the Wamel Canal nor the lands
subject to inundation on the lower reaches of the stream north and
east of the Florida Mountains offer very favorable facilities for ground-
water intake, especially if the periods of flooding are brief. Small
portions of the flood lands are underlain by surface gravel and sand
that offer an opportunity for the ingress of water, but most of the
surface of these areas is underlain by clay loam and silt of considerable
depth. If the floods persist for a long time considerable ground-
water recharge may occur in these areas. If the floods are short
the recharge is likely to be small or none.

QUANTITY OF INTAKE

The studies of the intake of ground water have been devoted chiefly
to a consideration of seepage losses from the Mimbres River. Several
runs of water were followed from the mountains down to the locality
of Deming, and current-meter measurements were made every few
miles to determine the rate of loss by seepage in different stretches
of the stream. - The floods generally rise with great rapidity, nearly
always during the night. The crest is usually reached within an hour,
as shown by the automatic water-stage recorder at the Faywood
gaging station, and almost immediately thereafter the stage begins
to decline. Under such conditions any data which it is possible to
obtain concerning loss of flow in a particular stretch of the streams
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are subject to considerable error. If the stream gager moves down-
stream at a more rapid rate than the average rate of stream flow his
estimate of seepage losses is likely to be too small; if he moves at a
slower rate his estimate is likely to be too large.

Results based on six sets of measurements in 1928 and 1929 indi-
cate that for moderate runs (75 to 125 second-feet at Faywood gaging
station) the losses by seepage run from 4% per cent to the mile down-
ward. The results differ considerably for different sets of observa-
tions, the percentage of loss usually but not always varying inversely
with the amount of discharge. Average figures computed from the
measurements are approximately as follows: Foothills to mouth of
San Vicente Arroyo, 35 per cent; mouth of San Vicente Arroyo to
intake of Wamel Canal, 25 per cent; intake of Wamel Canal to
bridge 6 miles due east of Deming, 25 per cent. The indicated per-
centage of loss is that of the flow entering each stretch—that is, a
discharge of 100 second-feet at the Faywood gaging station declines
to about 65 second-feet at the mouth of San Vicente Arroyo, to about
49 second-feet at the intake of the Wamel Canal, and to about 36
second-feet at the bridge 6 miles east of Deming. Practically all
the measurements were taken during floods, when the water was
heavily laden with sand and silt. This is the normal condition of
the water, at least during the summer. Only one set of measure-
ments of fairly clear water was made. This was on August 29, 1929,
following about three weeks of continuous runs during which the
water had cleared up considerably. On that date a discharge of 40
second-feet disappeared entirely in the section between the gaging
station and a point about 3 miles south of the mouth of San Vicente
Arroyo. This rate of loss was materially higher than occurred at
other times when the water was muddy. As previously stated, the
stream discharge during moderate floods is usually diverted into the
Wamel Canal, and only occasionally is the water allowed to flow
downstream to the locality of Deming. However, when the dis-
charge of the river at the canal intake becomes much greater than 75
second-feet, a part of it is allowed to pass the head gate of the canal
and to continue on downstream,

The amount of seepage loss is proportional to the area wetted by
the stream, the length of time the wetted area is submerged, and the
depth of water in the stream. The velocity of the stream is propor-
tional to its discharge. At the Deming bridge small runs of water
have velocities ranging from 2 to 3 feet a second, whereas large floods
have velocities that are much greater. For example, the flood of
August 10, 1929, at its highest stage (approximately 2,000 cubic feet
a second), had a velocity of about 8 feet a second. No attempts
have been made to estimate seepage losses below the bridge 6 miles
east of Deming. Some water from moderate runs and even from
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small runs flows as far downstream as the El Paso road in the Miesse
district, but the water seldom crosses the road in any considerable
quantity. Early in September, 1925, a flood submerged the road
and continued down the valley for many miles. This did not occur
again until August 10, 1929. Therefore, proportionately much less
water sinks into the sand and gravel of the river bed during periods
of high flood than during small or moderate runs. During large
floods there is so much sand and silt in suspension and the channel is
so constantly changing that it is impossible to obtain accurate deter-
minations of the discharge of water or of the seepage losses.

A part of the water lost in the bed of the stream goes to fill the
pores in the sand and gravel. These materials are depleted of mois-
ture during the long dry seasons and to some extent also between suc-
cessive floods in the rainy season. The amount of depletion, how-
ever, as estimated from moisture determinations by the writer, is not
great.

In winter the water tends to be clearer than in summer, less water
is diverted, and evaporation losses are small. Moderate continuous
runs of water during the winter and spring, therefore, contribute
proportionally most heavily to ground-water intake. Most of the
large floods occur in summer, and much of the water of these floods
is dissipated by evaporation and transpiration from submerged areas
and irrigated lands.

Although the data manifestly are fragmentary and incomplete, it is
believed that some tentative estimate of the intake of ground water
to the Mimbres Valley should be made at this time. On page 76 the
stream discharge, which is believed to be the source of practically all
the ground-water recharge, is computed as averaging 26,700 acre-feet
a year during 20 years. After careful consideration of the daily rec-
ords at the Faywood gaging station for 20 years and of the data ob-
tained in 1928 and 1929 on the facilities for ground-water intake the
annual recharge is estimated in terms of a percentage of the stream
discharge as follows: Wet years 1914-1916, 30 per cent; remainder
of period of record, 50 per cent; mean average for 20 years, approxi-
mately 40 per cent. On this basis the average annual increment to
the ground-water supply of the Mimbres Valley during 20 years
was between 10,000 and 11,000 acre-feet a year.

SHAPE OF WATER TABLE AND MOVEMENT OF GROUND
WATER

Lines of levels aggregating about 250 miles in length have been run
to determine the altitude of the water level in about 200 wells, and
from these figures a contour map of the water table has been compiled
covering the ground-water areas with which this report is chiefly con-
cerned. Some additional leveling in localities 15 to 20 miles south of
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Deming still remains to be done. This map, which will be submitted
in completed form in the final report, gives information as to the di-
rection of the slope of the water table and therefore as to the direction
in which the ground water is moving. It also shows the hydraulic
gradient, or rate of slope of the water table in each locality. This is
important, because the rate of flow of the ground water depends on
the hydraulic gradient as well as on the permeability and thickness of
the water-bearing bed. It is found that nearly everywhere in the
valley the ground water is moving northwest to southeast. From
Black Mountain down to the east and south limits of the pumping area
the slope of the water table ranges from 10 to 15 feet to the mile and
averages about 13 feet. Above Black Mountain the slope is steeper;
in the locality of Spalding it ranges from 25 to 35 feet to the mile.

If in a locality in which considerable pumping is done the pumping
produces a depression or even a flattening of the water table that
persists throughout the year, it may be inferred that little or no
water is moving down the valley past the pumps in that particular
locality. If no permanent depression or flattening occurs, it must be
inferred that some of the ground water percolates through the local-
ity and escapes in the direction of the slope of the water table. The
leveling has disclosed that a depression of the water table has been
developed in a part of the Miesse district but not in other parts of
the pumping area. Itis believed, therefore, that except perhaps in
a part of the Miesse district, the pumps are not recovering all the
underflow but that some ground water is escaping toward the south
each year.

A study is being made of the natural rate of the flow of the ground
water. For this purpose a method is being used which was developed
by Dr. Thiem, of Germany, and which may be called the pumping
method of determining permeability. Three wells are required to
make a test by this method. One of the wells is pumped at a measured
rate for several hours, and observations are made as to the resulting
drawdown in the other two wells. The natural rate of flow can then
be computed by means of a mathematical formula. Tests of this
kind have been made at the Gaskell, Cleary, Rutland, and Ernst farms
and at the Chinese Gardens, and additional tests are to be made next
summer. Observation wells have recently been put down on the
Williams and Russell farms, and additional wells will be put down if
necessary. Computations based on observations made thus far show
a rate of natural ground-water movement averaging between 2 and 3
feet a day.

FLUCTUATIONS IN GROUND-WATER LEVEL

All available sources of information have been consulted in the effort
to obtain accurate figures on the amount of water-table fluctuation
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which has occurred since pumping began on a large scale. The few
pumping-plant owners whose activities began in the early days of
pumping have been interviewed. The large volumes of data con-
cerning water-table altitudes in 1914 given by N. H. Darton in United
States Geological Survey Bulletin 618 and in the records of pumping
tests made by the State engineer’s office have been consulted. These
records show the water levels in 1914 in many wells that are still in
existence.

It is found that practically everywhere in the valley the water level
has declined. Since 1914 the decline under an area of about 100,000
acres west, south, and east of Deming has ranged from about 4 to 8
feet and has averaged about 6 feet. Within the city of Deming the
decline in the same period has amounted to about 10 feet, and in the
heavily pumped portion of the Miesse district it has averaged not less
than 15 feet. Wells that are close to the Mimbres River east of Dem-
ing show the smiallest decline. These wells, according to their owners,
are subject to a pronounced rise following long-continued runs of
water in the lower Mimbres.

In general wells at a considerable distance from the river have
failed to develop much of a rise in recent years, but after the wet years
1914 to 1916 the water levels rose materially in 8 number of such wells.
Two instances are reported of a rise in wells at some distance from the
river after the flood of late August and early September, 1925. Mr.
Wasdin reported that in his well west of Deming (No. 90a, pl. 1) the
water level rose about 3 feet after this flood. Mr. J. E. Hestand
reported that in his well (160b), in the southeast corner of the Miesse
district, the water level rose an appreciable amount after the flood.
Mr. 4. N. Cobb reported that in his well (44a) about three-quarters
of a mile east of the courthouse at Deming, the water level has gone
down about 7 feet since the well was sunk in 1912, as disclosed by a
long series of careful observations. He states that the decline has been
gradual but persistent. After the wet years 1914 and 1915 the water
level rose somewhat and for two years was higher each spring than it
had been the spring preceding. Throughout the rest of the period,
however, there has been a gradual decline from year to year. The
water rises each winter but invariably fails to come back to the level
of the preceding spring. A similar gradual but persistent decline has
been noted in the Bowman (104), Holiday (137), J. B. Anderson
(169a), Smyer (147), Hatfield (144), and other wells.

Records of water levels obtained during the last two years show
that the decline is still in progress. A large number of measurements
have been made, but it is not within the scope of this preliminary
report to analyze all these data, and, indeed, a longer record should be
obtained before a detailed analysis of water-level fluctuations is
attempted. The most accurate information as to the net rise or
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decline of the water table can be obtained by comparing the water
levels of late winter or early spring in successive years. Such data
are thus far available only for the original group of observation wells
selected by Mr. Fiedler in the fall of 1927, of which 11 are pumped for
irrigation in summer and 13 are unused. Records of water level in
these wells on January 30-31, 1928, and February 3-4, 1929, are
given in the following table. The location of the wells is shown on
the map. v

Midwinter depths to water in a part of Mimbres Valley observation wells, 1928
and 1929

Decline or
No. Name Jmigg%— 31, Fe}’m%"" rise in water
level (feet)

29 | Unoccupied ranch 77.35 79. 99 ~2.64
a70 | Mr. Wells__.__ 62. 65 64. 59 —1.94
aQ3 | Mr. Trubee. ... .._._. 60. 83 61.83 —1.00
@111 | Mr. Gaskell._..______________ 60. 44 61,27 - .83
123 | Mr. Humphries_....._.._____. 56.73 57.90 —1.17
166 | Long 8 ranch._ 48. 61 48.49 +.12
180 | Unoccupied- - e 55.92 56.08 —.16
190 | Miss Birchfleld. . .. .. 23. 16 23.20 —. 04
¢174 | Mr. Watkins._ 42.26 42,57 -.31
179 | Mr. Gaines 44, 42 4.7 ~.35
108 | Unoccupied. - e 46. 16 46. 34 —.18
107 | A0 e 16. 58 17. 82 —-1.24
6104 | Mr. BOWIAD - oo oo 547,63 47,80 - 17
88 | Unoceupiod- - - - ieeaes 53.34 53. 59 —. 25
@40 | Mr. Ernst. - oo e 50. 45 51. 21 —. 76
@ 50 | Miss Browning._. - 31.14 31.42 —28
@52 | Mr. ThOMPSON -« v oo oo e em 29, 47 29.74 - 27
@58 | Mr. Remondini. ..o 25. 11 25. 05 +.06
e59 | ___. L (o S, .- 24.80 24.76 +.04
134 | M Kretek. oo o ieeccaceae 12.36 12. 57 -—. 21
6149 | Mr. Harris.- .- e 67. 45 69. 62 -2.17
154 | Unoccupied- - . 57.87 58.29 —.42
155 |-_..- QO o e 57.92 58. 26 —~. 34
156 |._... Q0 e 65. 40 66. 57 —-1.17

2 Pumped for irrigation during summer. b Feb. 21, 1928,

In three of the wells the water level was slightly higher in 1929
than in 1928. In the remaining wells, however, the water level was
lower in 1929, the average net decline for the year being 0.75 foot,
or 9 inches. The greatest decline took place in the areas of heéaviest
pumping or on the borders of these areas. In all these wells, except
Nos. 29 and 166, the water level rose somewhat during the winter,
the average rise being 7.8 inches during the winter of 1927-28 and 8.8
inches during the winter of 1928-29. The average rise in the pumped
wells during the winter of 1928-29 was 13.08 inches; that in the
unused wells was 4.68 inches. Well 29 showed a decline of 12 inches
during the winter of 1927-28 and a decline of 13 inches during the
winter of 1928-29. Well 166 dropped about 1 inch both winters.

About 150 wells are now under observation. These wells are
widely spaced over the valley with a view to obtaining representative
figures on fluctuation of the water table, both in areas that are prob-
ably affected by ground-water intake and in areas that are known to
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be affected by ground-water discharge. The period of record of all
the wells except those listed in the table on page 83 is only a little
more than a year and is therefore still too short to serve as a basis
for any very definite conclusions. Briefly, the figures obtained show
that practically everywhere in the valley the water level was lower
August 1, 1929, than it was August 1,1928. This condition prevailed
alike in pumped areas, in areas of ground-water intake, and in the
intermediate or conduit areas. The cause of the decline was every-
where the same: The outflow or discharge of ground water was greater
than the inflow or recharge. In the pumping districts the discharge is
effected partly by pumping and partly by natural outflow. Else-
where both recharge and discharge occur chiefly by natural underflow,
the rate of which is determined by the hydraulic gradient, or slope of
the water table, and the thickness and permeability of the water-
bearing beds. .

The amount of drawdown in pumped wells varies to a certain
degree with the length of time the well is pumped and with the amount
of pumping activity in the immediate vicinity. If pumping is tem-
porarily discontinued the water rises rapidly for a few hours and
very slowly thereafter, the amount and rate of rise being more or
less affected by pumping in near-by wells. Under such circumstances
records of water levels obtained from the pumping-plant wells during
the irrigation season have little value as a basis for estimating annual
fluctuations, and no particular effort has been made to obtain such
records. Records of summer fluctuations of water level in unused
wells in the pumping districts, however, have value, particularly if
the wells are as much as half 8 mile from any pumped well. Records
obtained from a few wells of this kind indicate that between August 1,
1928, and August 1, 1929, the water level declined on the average
about 9 inches in the heavily pumped localities and only about 2
inches in the lightly pumped localities.

A pronounced decline of the water table also took place in the areas
of intake, far from the pumping districts. For example, from August
1, 1928, to August 1, 1929, the water level declined 4 to 6 inches in
areas near San Vicente Arroyo or Silver City Draw, 2 miles west of
Spalding (wells 5 and 6). Well 4,a quarter of a mile from the Mimbres
River, on the old Jacobson ranch, about 3 miles northeast of Spalding,
showed a decline of about 7 feet for the year. Wells 11 to 15 on
the Spalding tract, comprising 6,000 acres near Spalding camp,
showed declines of 1.9 to 3.5 feet during the year, the wells nearest
to the river showing the greatest decline. Well 2 (unused) of the Peru
Smelting Co. (map No. 21), about 350 feet from the Mimbres River,
3% miles northwest of Deming, showed a decline of 6 inches during
the year. The ground waters in the locality of this unused well
may be somewhat affected by pumping. Elsewhere in the areas
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of intake above referred to the decline in water level was the result of
natural conditions, the rate of down-valley movement or outflow
being greater than the rate of inflow or recharge. The decline, in
fact, was a manifestation of intermittent recharge. During the
winter of 1926-27 the river flowed to the locality of Black Mountain
and farther almost continuously for several months, and seepage
losses therefrom raised the water table to comparatively high levels
in areas closely adjacent to the stream. From the spring of 1927 to
the later part of July, 1929, the surface discharge was small, there
was no great amount of ground-water recharge, and the ground-water
level showed s continuous decline in stage. A few short runs in the
river during the summer of 1928 provided only enough ground-water
recharge to raise the water table temporarily in localities close to
the river and slightly retard the rate of water-table decline in areas
farther away. Floods during late July and August, 1929, the largest
in several years, caused a general rise of the water table in areas of
intake at the upper end of the valley. Early in October, 1929,
the water level in wells close to San Vicente Arroyo had risen a few
inches, wells close to the Mimbres River on the Jacobson ranch and
Spalding tract had risen several feet, and wells on the Spalding
tract as far as 3 miles from the river had risen at a rate which seemed
to promise a return to the levels of August 1, 1928, if not to higher
levels. In the valley near Deming the floods of late July and August,
1929, were followed by a considerable rise in water level in several
wells that are within 2,000 feet or so from the river, but wells at
greater distances showed no evidence of rise at the end of the field
season, early in October.

In most of the wells in the intermediate or conduit belt the water
level declined only a few inches between August 1, 1928, and August
1, 1929. In well 29 (see table), however, the water level declined
2.57 feet from August 1, 1928, to June 9, 1929, and a few days later
the water level had declined so low that the recorder float would no
longer operate. This well is about 2 miles northwest of the north
boundary of the heavily pumped district west of Deming. It was
measured by Mr. Fiedler in 1927 and was continuously equipped with
an automatic water-stage recorder from September 27, 1927, until
June 15, 1929. This record shows a slight rise from October 29 to
November 15, 1927. During the remainder of the period the water
level declined persistently, the net decline in about 20% months
amounting to 4.96 feet. It may be that the decline in this well is
due in part to the same reason that caused the wells in the Spalding
tract to show a decline—that is, intermittent recharge. If so, it was
to be expected that a marked rise would occur in the well during the
winter of 1929-30, as a result of the floods of July and August, 1929.
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PUMPAGE AND NATURAL DISCHARGE OF GROUND
WATER

So far as has been learned none of the irrigators in the Mimbres
Valley have kept accurate long-time records of the amount of water
they have pumped. Partial records have been obtained from some
of the farmers, and a considerable volume of data in the files of the
Deming Ice & Electric Co. has been consulted. On the basis of this
information it is estimated that the average depth of water used in
irrigation is about 20 inches a year and that the present annual
consumption of water, including supplies used for domestic and indus-
trial purposes, amounts to about 10,500 acre-feet. No one knows
how much water was used in former years. During the boom years
1914 to 1917 the annual pumpage may have been more than twice
as great as at present, but during the slump years 1918 to 1923 the
annual average was probably less than half as great as at present.
The mean annual pumpage since 1914 has almost certainly not ex-
ceeded 10,000 acre-feet.

Before pumping was begun a state of equilibrium existed in the
ground-water conditions, the average annual inflow being balanced
by an equivalent average outflow or discharge. The inflow then as
now was contributed chiefly by seepage from the Mimbres River
and its tributaries. Discharge took place by percolation southward
and eastward out of the valley and by evaporation from the soil
and transpiration from plants. This balance was a delicate one and
was easily subject to disturbance.

The chief effect of pumping has been to cause additional discharge
without substantially reducing the natural discharge or increasing

the recharge. Losses by evaporation have been eliminated since the -

decline of the water table, but the area formerly subject to loss by
evaporation was small, and the saving thus effected has been meager.
Losses continue by transpiration in the areas of shallow ground water.
The mesquite in the Mohave Desert in California is known to send
its roots to a depth of 40 feet to obtain ground water, and the mesquite
in the Mimbres Valley may possibly be absorbing some ground water
where the depth is even greater. Mesquite roots were traced to a
depth of 41 feet in a test well put down by the writer on a tract of
land about 1% miles southeast of Deming belonging to the city.
Water was encountered in this well at 48.5 feet.

The lowering of the water table resulting from pumping has slightly
increased the hydraulic gradient toward the pumping areas, but in
general terms the increase is so slight that the rate of inflow into
these areas is probably only a little more rapid than it was before
pumping began. A part of the underflow is diverted toward the pumps
during the irrigation season, and some is diverted during the winter
to fill up the depressions caused by pumping. Inmost of the pumping
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areas only a slight depression is formed in the water table during the
pumping season, and this depression is almost completely smoothed
out during the winter. In parts of the Miesse district the depression
produced by pumping is somewhat deeper and is only partly filled
during the winter. From this it is concluded that natural outflow
continues to a degree, except perhaps in parts of the Miesse district,
and that the existing pumps are not intercepting all the underflow.
To accomplish this fully, however, would require a lowering of the
water table below the limits of the economic pumping lift.

FLUCTUATIONS IN STORAGE OF GROUND WATER

Changes of considerable magnitude in ground-water storage have
taken place since pumping was begun on a large scale. It is estimated
that fully 500,000 acre-feet of valley fill, consisting of gravel, sand,
silt, loam, and clay loam in varying proportions, was unwatered as
a result of the decline of the water table in the 15-year period ending
in 1929. It is further estimated that about 25,000 acre-feet of valley
fill became saturated in each of the winters of 1927 and 1928, as a
result of the rise of the water table, but that the net unwatering
from August 1, 1928, to August 1, 1929, amounted to about 30,000
acre-feet of valley fill.

In order to compute the amount of water drained from the zone or
belt of water-table decline it is necessary to assume some figure for
the specific yield of the materials in which the decline took place.
The specific yield may be defined as the ratio of the volume of water
that will drain by gravity from a given water-bearing material to
the volume of the material drained.

The interstices in sand and gravel are comparatively large, and
consequently the effect of molecular attraction in them tending to
resist the pull of gravity is comparatively slight. Therefore a large
part of the water which they contain in a saturated condition drains
out as the water table declines. In other words, their specific yield
is high. The pore spaces in silt and clay loams are very small, and
therefore the effect of molecular attraction in them is correspondingly
great. These materials therefore retain a much higher proportion
of water as the water table declines than is retained by sand and
gravel. Moreover, the process of drainage in fine materials continues
for a long time, although at a greatly reduced rate. Experiments by
the writer in Escalante Valley, Utah, showed that during periods
ranging from 12 hours to several days fine-textured soils such as silt
and clay loams yield a volume of water ranging from less than 0.5
per cent to 8 per cent and averaging about 3 per cent of the volunie
of material drained. With the passing of many months or years
the clay and silt probably continue to lose water, but not much is
known on this subject. ‘
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Studies were made of the specific yield of materials of this character
in the unwatered zone in a well recently put down at the Chinese
Gardens, 1 mile east of Deming; in test holes put down by the writer
in a tract 1% miles southeast of Deming belonging to the city; and at
the Williams farm, 9 miles southeast of Deming. It is estimated
from these studies that at different depths in the unwatered zone the
volume of water that drained out ranged from 8 to 14 per cent of the
volume of material drained. In order to have a basis for computation
it will be assumed that the unwatered silt and clay loams in the pump-
ing districts of the Mimbres Valley have parted with a volume of water

" representing 10 per cent of the volume unwatered and that the un-
watered sand and gravel have yielded 20 per cent of their volume.
From studies of the logs of 100 or more widely spaced wells in the
pumping districts it is computed that 75 per cent of the drained
materials consist of silt and clay loams and 25 per cent of sand and
gravel. This computation leads to the conclusion that the volume
of water drained from the unwatered zone amounted to 12} per cent
of the volume of material drained. The ratio of the volume of water
required to refill the partly emptied pore spaces to the volume of
material resaturated with the rise of the water table each winter is a
somewhat smaller figure, because the pores have had only a few
months to drain as compared with several years of continuous drainage
from materials that were unwatered early in the pumping development.
This ratio is assumed to be 10 per cent.

If the ground-water storage in the pumping districts was reduced
during the 15-year period ending in 1929 by 12 per cent of 500,000
acre-feet, or 60,000 acre-feet, it follows that 40 per cent of the water
pumped from the Mimbres Valley during this period was taken from
storage. If the increase in storage in the pumping districts during
each of the two winters covered by the investigation (1927-28 and
1928-29) amounted to 10 per cent of 25,000 acre-feet, and the
pumpage during each winter is assumed to be 500 acre-feet, the
average winter recharge of these districts amounted to about 3,000
acre-feet. If there was an equal amount of recharge during the
summers, the average annual recharge of the pumping districts in
the last two years has amounted to about 6,000 acre-feet. This is
somewhat less than the estimated long-term average annual intake
into the entire underground reservoir of the Mimbres Valley. Al-
though the yearly intake of ground water varies within wide limits,
the rate of movement through the water-bearing materials between
the intake and pumping areas and therefore the yearly delivery of
water through this underground conduit is more nearly constant.
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CONCLUSIONS AND RECOMMENDATIONS

Practically all the fundamental facts disclosed by the present in-
vestigation have been considered in the preparation of this prelimi-
nary report, but the detailed observations have covered only a little
more than a year, and it is therefore too early to arrive at final con-
clusions. The investigation, however, indicates that the present irri-
gators in the Mimbres Valley are reasonably secure in their water
supply provided no large additional pumping developments are made.
The quantity of water stored in the underground reservoir is very
large, but the annual recharge of this reservoir is relatively small. In
the 15 years since pumping began the water table has declined 2 to 15
feet in different parts of the pumping districts, the average decline
being about 6 feet. This decline represents no particularly unfavor-
able condition, for a certain amount of decline in water levels is an
inherent and unavoidable consequence of any ground-water devel-
opment. The present rate of pumping will entail further decline,
but it should occur at a decreasing rate and may to a large extent be
offset by rise in years of heavy rainfall.

In view of the indications of the data now available, it would be
unwise to formulate plans at this time for any large additional pump-
ing development. Detailed observations are to be continued for at
least two years, and arrangements should be made to have measure-
ments of water levels in some of the observation wells made at regu-
lar intervals by State or local agencies for several years thereafter.
If these observations should show unexpectedly large recharge it will
then be time for contemplating additional development of magnitude.

A small amount of additional development in areas now lightly
pumped could be attempted with reasonable safety, and thereby
some of the water that would otherwise escape from the valley by
underflow would be salvaged. No additional developments should
be permitted at this time in the most heavily pumped localities.

Only a few deep wells have been drilled in the valley. These wells
have a relatively high head and seem to show that another water-
bearing bed lies below those from which the present irrigation supply
is obtained and is separated from them by a more or less effective
confining bed. This deeper bed may contain a moderate reserve
supply that could be developed in the event that the water in some
of the existing pumped wells should fall below the economic pumping
lift. No information is available as to whether this deeper bed would
yield freely enough to be of practical value for irrigation, but it may
be a significant fact that lall these deeper wells have been abandoned.
Moreover, it can not be safely assumed that the water in the deeper
bed is completely isolated from that in the shallow beds.

|
|
|
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The intake from the Mimbres River could be artificially increased
by temporary storage of the flood water in a surface reservoir and
gradual release of this water, but this plan would require the con-
struction of an expensive dam. This phase of the subject will be
further considered in the final report.

In 1927 the State legislature of New Mexico enacted a law * which
declared that waters in underground streams, channels, artesian
basins, reservoirs, and lakes belong to the public and are subject
to appropriation for beneficial use. The State supreme court, in a
decision * rendered in April, 1929, upheld the principle of this law
but declared the law itself unconstitutional on account of certain tech-
nicalities. If this law is reenacted by the next legislature, with the
unconstitutional features removed, the irrigators in the Mimbres
Valley should, under its provisions, form a ground-water district and
file applications for the appropriation of ground water. The granting
of such requests will give them definite water rights and will protect
them in the use of such waters.

3 New Mexico State Legislature, 8th sess., ch. 182, H, B, 314, approved March 16, 1927,
¢ Yeo . Tweedy and Yeo ». Pearson; Supreme court of New Mexico, January term, 1929,



WATER-POWER RESOURCES OF THE McKENZIE RIVER
AND ITS TRIBUTARIES, OREGON

By Bensamiv B. Jones and Harorp T. STEARNS

SUMMARY

The McKenzie River is a valuable power stream from Clear Lake to Coburg
Bridge, which is only 3 miles above its mouth. It has a large fall and well-sus-
tained flow, but storage on the main stream would be expensive. On Olallie
Creek, Lost Creek, Horse Creek to the mouth of Separation Creek, Separation
Creek from its mouth to Mesa Creek, and the Roaring River, tributary to the
South Fork of the McKenzie River, there are a number of power sites that can be
economically developed when a market is available. The South Fork of the
McKenzie River has some potential power, but it would be more expensive to
develop than that on the other streams. The Blue River possesses no ad-
vantageous power sites, but a reservoir might be built on it to store water for use
at sites on the McKenzie River. The Mohawk River has no power value.

Clear Lake is of little value as a reservoir because of leakage. Two proposed
reservoir sites on the McKenzie River, the Paradise site and the Eugene municipal
site No. 3, would have a total capacity of 197,000 acre-feet, of which 47,000 acre-
feet would be required in the bottom of the reservoirs to create head, leaving a net
capacity of 150,000 acre-feet. A proposed reservoir on the Blue River would have
a total capacity of 59,000 acre-feet, and the Mesa site, at the head of Separation
Creek, would have a capacity of 5,000 acre-feet.

Only one power site was being utilized at the time of the field examination in
1926. It is a plant with a net head of 45 feet and a capacity of 4,300 horsepower
owned by the city of Eugene. A second plant for the city of Eugene is under
construction near Leaburg. It will have an initial capacity of 10,000 horsepower
and an ultimate capacity of 20,000 horsepower.

The water power of the M¢Kenzie River is assumed to be capable of develop-
ment at 16 sites, including the two being utilized by the city of Eugene. The
potential power at these sites without storage is 207,000 horsepower for 90 per cent
of the time and 327,000 horsepower for 50 per cent of the time. With storage ab
the four proposed reservoir sites the potential power is increased to 243,000 horse-
power for 90 per cent of the time, with no change in the power available 50 per
cent of the time.

The water power on tributaries of McKenzie River is assumed to be capable
of development at 18 sites. The potential power at these sites without storage
is 82,600 horsepower for 90 per cent of the time and 117,000 horsepower for 50
per cent of the time. As only 5,000 acre-feet of storage would be available on the
tributaries, this would not appreciably affect the flow available 90 per cent of the
time, although it would increase the power available 100 per cent of the time.

The total potential power of the McKenzie River Basin without storage is
290,000 horsepower for 90 per cent of the time and 444,000 horsepower for 50 per
cent of the time. With storage at the four proposed reservoir sites the potential
power for 90 per cent of the time would be increased to 325,000 horsepower, but
the potential power for 50 per cent of the time would remain unchanged.

The following table summarizes the data regarding the two power sites de-
veloped by the city of Eugene and the proposed power sites in the McKenzie
River Basin; )

% 91
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INTRODUCTION

This report is a study of the power resources of the McKenzie River
and its tributaries, prepared primarily to determine the probable use
of the public lands in the basin in connection with the utilization of
the power resources. For this purpose it is not necessary to make
detailed studies of individual sites or estimates of costs, but it is essen-
tial to formulate a general plan of development in order to determine
the power available; and if the water supply, stream slope, and topog-
raphy are such that the probable scheme of development can be
determined with fair accuracy, a definite determination can be made
as to the power value of individual tracts of public land. For that
reason topographic maps of the main river were prepared and geologic
examinations were made at three proposed dam sites. Gaging stations
to determine the discharge of the rivers have been maintained at
several points, which are listed elsewhere in this report. Many mis-
cellaneous measurements of stream flow have been obtained, and three
temporary gaging stations were maintained to determine the low-water
flow on tributaries. A topographic survey of the McKenzie River,
the South Fork of the McKenzie River to mile 18, the Blue River to
mile 9, Horse Creek to mile 10, and Lost Creek to mile 4 was made in
1925 by C. W. H. Nessler, topographic engineer of the United States
Geological Survey. Separation Creek, tributary to Horse Creek,
from the mouth to a point 2 miles above Mesa Creek, and Mesa Creek
from the mouth to a point 2 miles upstream, were surveyed in 1927 by
R. O. Helland, land classifier. The geology of the Martins Rapids
dam site, the Eugene municipal site No. 3, and the outlet of Clear
Lake was examined by H. T. Stearns in 1926. A field examination
of the river basin was made during the summer of 1926 by B. E. Jones.
Previous reports on the water power of the McKenzie River by E. C.
LaRue, hydraulic engineer, and the recommendations of F. F. Hen-
shaw, district engineer, have been drawn upon in the preparation of
this report.

All the data gathered in various ways by members of the Geological
Survey have been combined and studied to determine a feasible
method of developing the power resources of the basin.

GEOGRAPHY

The McKenzie River, tributary to the Willamette River at Eugene,
Oreg., has a length of 86 miles from its mouth to the outlet of Clear
Lake, its source, and the total drainage area above the gaging station
at Hendricks Bridge is 1,100 square miles. The basin is narrow, and
the upper section, above the Blue River (see pl. 2) is mountainous and
heavily timbered, with little chance for future agricultural develop-
ment. Even down as far as Leaburg there is little agriculture, and
practically no water is diverted for irrigation. The river is largely
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spring-fed near its source; it has a large flow during the low-water
season and considerable power possibilities. Power from this stream
now supplies the city of Eugene and could be transmitted to Port-
land, which is 124 miles north by State highway. The Middle Fork
of the Willamette River flows to the south of the McKenzie, and the
Santiam River to the north. Plate 2 shows the relative location of the
basin and is an index to the location of the power sites, which are num-
bered 1, 2, etc. The drainage-area designation is 12ND, the number
12 designating the North Pacific slope drainage area, 12N the Willam-
ette River Basin, and 12ND the McKenzie River Basin.

Clear Lake is fed by a large spring near its head and other springs
in its bottom. Above Clear Lake there is, during the rainy season,
a shallow lake called Fish Lake, into which some small creeks flow
and which in turn drains into Clear Lake. A mile below the outlet of
Clear Lake are the Upper Falls, with a drop of 120 feet, and a quarter
of a mile farther down are the Middle Falls, with a drop of 70 feet.
In the 3-mile stretch between the Middle Falls and the Lower Falls
the flow of the river is largely subterranean; during the summer the
bed is dry for a long distance above the Lower Falls, but the stream
reappears, apparently in full volume, in a pool below the falls. About
9 miles below Clear Lake Olallie Creek, a short spring-fed stream, dis-
charges more than 100 second-feet at low stages into the McKenzie
River. Other spring-fed tributaries are Horse Creek and the South
Fork of the McKenzie. The Blue River is not spring-fed and has a
low flow during the summer. The low-water flow of Horse Creek
comes mostly from Separation Creek, which rises on the edge of the
Three Sisters and has a fall of 3,360 feet in a little over 12 miles. The
South Fork of the McKenzie River has a well-sustained flow and suffi-
cient fall to make it a valuable power stream. Plate 3 shows a profile
of the McKenzie River and its principal tributaries.

GEOLOGY

A brief summary of the principal events in the geologic history of
western Oregon and of the areal distribution of the chief formations
is desirable as a setting for a description of the geology of the reser-
voirs and dam sites.

Little is known of the geologic history of this region before Cre-
taceous time, for the earlier sediments have been completely meta-
morphosed to schist, slate, and serpentine. These rocks are exposed
along the lower part of the Rogue River in Jackson, Josephine, and
Curry Counties.

The Cretaceous period was ushered in with great intrusions of
granodiorite and other igneous rocks and with extensive movements
of the crust. During this period the northern and central parts of
western Oregon lay below sea level and received sedimentary deposits,
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which were later consolidated to conglomerate, shale, and sandstone.
These beds were subjected to considerable folding, which has altered
their original character and tilted them at steep angles. Many of
the rugged canyons and consequently the sites of dams and reser-
voirs are in the intrusive rocks of this period. In general these
intrusive rocks form excellent sites, from the point of view of both
the geologist and the engineer, and they are as a whole better than
the sites in any of the later formations. The granodiorite, diabase,
and other intrusive rocks of this period cooled under the weight of
overlying sedimentary deposits and consequently do not have the
porous structure and leaky contacts and joints that characterize so
many of the later, extrusive rocks. Moreover, in crushing strength
most of the intrusive rocks are equal to granite, and all are sufficiently
strong to support large structures.

The chief event during the Tertiary period was the building of the
Cascade Range by uplift and volcanic action. In the early part of
the period extensive beds of sandstone and conglomerate were de-
posited in marine waters, and thick dikes and sills of basaltic lava
were intruded into the sediments. The sites located in the sedi-
mentary rocks of this period are generally good, although there may
be a slight leakage along bedding planes. During the later half of
Tertiary time marine deposition continued over northwestern
Oregon, interrupted by occasional epochs of uplift. The late Tertiary
and the succeeding Pleistocene witnessed great volcanic activity.
Enormous volcanoes along the Cascade Range poured forth thick
lava flows and emitted showers of pumice. Many of the lava flows
coursed down river valleys and partly filled them. Since that time
the rivers have excavated portions of these lava fills and formed
narrow canyons with vertical walls of lava. Most of this rock is
fractured and fissured, and much of it covers ancient gravel beds,
through which impounded water might escape rapidly. Although
some of these canyons in lava offer excellent dam sites so far as
purely physical form is concerned, such places are treacherous for
storing water, because of probable leakage. Late Tertiary pumice
deposits cover wide areas, especially in the vicinity of Crater Lake,
and form a thick flow in the Rogue River Valley. The misplaced
drainage and concealed channels caused by this volcanism make
reservoir sites in these deposits hazardous.

During Pleistocene time the high peaks of the Cascade Range were
covered with glaciers, which moved down the valleys of most of the
larger streams. While these glaciers existed the master streams
were heavily loaded with débris and aggraded their valleys. Later
erosion excavated valleys in the glacial gravel, leaving the remnants
of the fill as terraces. Dam sites located in this material are poor
because of the amount of eXcavation necessary to reach bedrock.
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CLIMATE

The climate of the McKenzie River Basin is mild, the tempera-
ture seldom dropping below the freezing point for any long period.
Even in the upper part of the basin the winters are not severe, though
there is considerable snow.

Above Vida the mean annual rainfall ranges between 70 and 100
inches; below Vida it decreases rapidly to 38.5 inches at Eugene.
In all of western Oregon there is heavy precipitation during the
winter and spring but very little in the summer and early fall. The
flow of the McKenzie River is sustained during this period of low
precipitation by the discharge of large springs, as well as by some
water coming from the melting glaciers on the Three Sisters.

Mean temperature (°F.) in the McKenzie River Basin

McKenzie Bridge McKenzie Bridge
Month Eugene Mean Month Eugene Mean
Mean | minimum, Mean |minimum,
1902-1908 1902-1908

40.3 35.4 0 || September_.__.____ 60. 3 57.0 22
42.8 39.0 8 || October_.__..__.___. 53.2 51.6 24
45.8 43.2 10 || November-_....._. 46.3 42.5 19
50. 5 49.0 22 || December_.._._..__ 40.9 36.3 12
55.2 54.0 25
60.2 58.7 33 Yearly mean.__.__ 52.2 49.5 | __
65.8 64.8 29 [t Altitude (feet)-..._ 450 1,375 1,375
65. 6 63.0 32

Mean monthly and yearly precipitaiion, in inches, tn the McKenzie River Basin

: McKenzie . McKenzie
Eugene, Vida. < Eugene, Vida, :
Month i 4 Bridge, Month 5 2 Bridge,
19081923 | 1913-1916 | ;600 F0s 19081923 | 1913-1916 | 05 ESr,
5.65 10. 16 10.30 || September_.______ 2.08 3.36 2.81
4.25 7.19 8.65 {| October..____.._.__ 2.68 4. 54 5. 66
3.59 8.85 6.82 || November. 6. 31 11. 34 12.25
2.45 4.84 4.05 || December_.._._._. 5.19 7.00 10.13
2.38 5.09 4.49
1.65 4.23 2.76 Yearly mean____ 37.15 68.86 70. 08
. % 1.80 1 (1):?; Altitude (feet) ... 450 780 1,375
. .46 L

FACTORS AFFECTING HYDRAULIC STRUCTURES

The little ice that forms on the streams in the McKenzie River
Basin would not cause much trouble in the operation of power plants.
The rivers carry practically no silt except during floods, and floating
débris could be removed at the dams.

Irrigation does not appreciably affect the flow of the McKenzie
River. In the upper section there is little cultivable land, and even
in the lower stretches, where the valley is wider, little effort is made
to divert water for irrigation. Water is diverted for municipal
purposes by the city of Eugene, but this is well down toward the



98  CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1930

mouth of the river. There is no navigation on the McKenzie River,
and the Willamette River, to which it is tributary, is navigable only
as far up as Oregon City.

ANNUAL YIELD AND MINIMUM FLOW

The estimates of power available at different sites are based on
the normal flow of the stream for 50 per cent and 90 per cent of the
time (expressed as Q50 and Q90). The principal gaging stations on
whose records the estimates are based are at the outlet of Clear Lake,
at McKenzie Bridge, at Vida, and at Hendricks Bridge, above
Springfield. (See fig. 1.) Miscellaneous discharge records on

\

70 \ \\
€00 \ \
\ %o
A O;/A
- \ 04_
1 5,001 X
1 5 \ S
'S /. e
[
a & 2
z N g K
/9 O
G400 NS e
w §’a \%’0’
8
z e
< N .
w3,000 /g
@
; 9/2 /o
&3
22,000 e, L2009 - 1977
a =%l 1924
%E}Mﬂﬂé Bridge —
—
7,000
Clear | Lake, 1913- 1915
%6 ) 26 30 20 50 & 70 80 % o

PER CENT OF TIME
F1GURE 1.—Curves showing relation of discharge in McKenzie River Basin, Oreg., to per cent of time

Olallie Creek are available, and some short summer records were
collected in 1926 on Horse Creek and Lost Creek, and in 1927 on
the South Fork of the McKenzie River.

The minimum recorded discharge at McKenzie Bridge was 890
second-feet in October, 1924. The minimum daily discharge for the
year ending September 30, 1926, was 934 second-feet in September.
In the years of record prior to 1924 the minimum discharge was 924
second-feet in October and November, 1915. The minimum dis-
charge in August and September, 1926, at Vida was 1,430 second-feet,
as compared with a minimum of 1,420 second-feet in September,
1914, at Hendricks Bridge. The flow in 1926 was in general the lowest
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of record in western Oregon, and yet the minimum flow of the
McKenzie River was not as low as would be expected by comparison
with other streams. The minimum flow of the Umpqua River at
Elkton was 1,040 second-feet in September, 1914, and 670 second-feet
in September, 1926. The McKenzie River, therefore, ranks close to
the Deschutes and Klamath Rivers in having a well-sustained low-
water low—a valuable asset in the utilization of water power. The
mean annual discharge at McKenzie Bridge for the year ending
September 30, 1924, was 1,540 second-feet, as compared with 1,570
second-feet for the year ending September 30, 1920. It seems prob-
able that the glaciers on the Three Sisters supplied enough additional
water during the hot, dry seasons of 1924 and 1926 to offset the defi-
ciency in stream flow caused by low precipitation.

In spite of the well-sustained low-water flow the discharge of the
lower McKenzie varies considerably from year to year, depending on
the rainfall. For this reason it is necessary to make some allowance
in the Q50 and Q90 discharge for the period covered by the record.
Thus the Q90 discharge at Hendricks Bridge for the years 1906 to 1914
was 2,010 second-feet, while the Q90 flow at Vida, a short distance
upstream, with no large tributaries entering between, for the years
1925 to 1928 was 1,650 second-feet. In 1906 to 1914 the annual
precipitation was above the average, whereas in 1926 the precipitation
was the lowest of record. The Q90 discharge for 1925, 1927, and 1928,
at Vida was 1,800 second-feet. This is probably a fair estimate of the
Q90 flow for a long period, but it has been reduced to 1,750 second-
feet in estimating potential power at sites in the vicinity of Vida.
The Q50 discharge for 1925, 1927, and 1928 at Vida was 3,400 second-~
feet as compared with 3,150 second-feet for the four years 1925 to
1928.

The Q90 discharge at Hendricks Bridge has been arbitrarily reduced
from 2,010 second-feet for the period of record to 1,800 second-feet,
which seems the more probable average for a long period and agrees
with the estimate of the flow at Vida. The Q50 discharges at Vida
and Hendricks Bridge agree fairly well, and the figures obtained from
the records available have been retained.

Records on Horse Creek at the bridge 3 1iles above the mouth for
July, August, and September, 1926, indicate a Q90 discharge of 250
second-feet during that year of low flow. The flow of Separation
Creek, tributary to Horse Creek, was 100 second-feet greater on
July 25, 1927, in a wet year, than on September 9, 1926. On the
basis of these short records, the Q90 flow of Horse Creek at the bridge
has been estimated at 280 second-feet.

Records are available on Lost Creek near the mouth for the months
of July to November, 1926. These records indicate a Q90 discharge
for that very dry season of 173 second-feet, but on the basis of the
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records at McKenzie Bridge the Q90 flow of Lost Creek has been
estimated at 225 second-feet and the Q50 flow at 300 second-feet.
A number of discharge measurements were obtained on the South
Fork of the McKenzie River during 1926 and 1927 which indicate
a Q90 flow below the East Fork of 195 second-feet in 1926 and 245
second-feet in 1927, or, roughly, a mean of 220 second-feet.

Gaging stations maintained on McKenzie River

QOutlet of Clear Lake. _ . ______________ June, 1912, to July, 1915.
Hendricks Bridge, in sec. 32, T. 17 8., R. 1 W_ September, 1905, to March, 1915.
Near Springfield- . . __ . ____ .. __.__ August and September, 1926.
McKenzie Bridge. - - ... ____.___ October, 1910, to September, 1914;

April, 1915, to September, 1916;
Aprit to December, 1917;
March, 1918, to October, 1921;
May to December, 1922; April,
1923, to December, 1925; May,
1926, to date.

Above Vida, in NE. }{sec. 5, T.17 S, R.3 E__ October, 1924, to date.

The records of daily discharge obtained at these stations up to
1923 are published in United States Geological Survey Water-Supply
Papers 178, 214, 252, 272, 292, 312, 332, 362, 304, 414, 444, 464,
484, 514, 534, 554, 574, and 594. Water-Supply Paper 370 contains
all records to and including 1910. Bulletins 4 and 7 of the State

' engineer of Oregon, compiled in cooperation with the United States
Geological Survey and entitled ‘“Water resources of the State of
Oregon,” contain monthly summaries of discharge data through 1924.

Monthly discharge of Horse Creek at bridge 3 miles above the mouth in 1926

Discharge in second-feet
Run-off in
Month acre-foet
Mazximum | Minimum | Mean
June 25-30. - - - e 304 300 302 3, 600
JUby e 288 256 273 16, 800
August____._ 253 240 250 15, 400
September_ - e 383 235 281 16, 700
Monthly discharge of Lost Creek at bridge near the mouth in 1926
Discharge in second-feet
Run-off in
Month acre-feet
Maximum | Minimum | Mean
June 2630 - - o 235 227 231 2, 290
WY - e 238 204 226 13, 900
August 21 186 200 12, 300
September 1 163 180 10, 700
ctober____. R 193 163 171 10, 500
November 1~27_ . .. 257 170 200 10, 700
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Miscellaneous discharge measurements in the McKenzie River Basin

" : Dis-
Date Stream Tributary to— Locality charge
. Sec.-ft.
Aug. 81924 | McKenzie River_.__.. Willamette River._.| Trail Bridge, ¥ mile below outlet 172
of Clear Lake, in NE. ¥4 sec. 17,
T.148, R.7E,
Sept. 12,1913 |._._. U (o JO N R 0o s S 134 miles below Clear Lake, below 642
Middle Falls, in sec. 20, T. 14 8.,
: R.7E.
Oct. 20,1913
Aug. 30 1926 |
Sept. 23 1926
Aug. 26 1912
June 26,1913 d
J uly 21 1926 1 mile above trail crossing. .
....... At trail crossing..ooooooooeoae_ .. 15
Apr 30 1924 600 feet above mouth, in SW. ¥4 200
sec. 12, T. 15 8., R. 6 E.
May 13,1924 d 165
197
135
_do . ---| 140
. 30,1912 At?;Rmo%th in sec. 26, T. 15 B., 20
Sept. 11,1912 Just above 1ake. . ..o acmuaceaoo_ 57
Sept. 12,1912 Sec. 13, T. 168, R.6 E__.___ -l 243
Oct. 10, 1910 Bridge in NE. i/ oo, 15, T.168.] 206
R. 6 E., near McKenzie Brldge
Mar. 11,1911 d 191
July 20,1911 339
Nov. 18,1911 259
Sept. 26,1915 184
June 30.1926 220
Aug. 91926 175
Sept. 6,1926 172
Sep 1926 do. do 166
Sept. 10,1912 Whlte Branch Lost Creek Foot of glacier. 2
Aug. 28,1926 | Horse Creek_.__.__._. McKenzie River....| Above Separation Creek 25
Aug. 81910 | ____ s 1 T S A0 1 mile south of McKenzie Bridge, | 285
insec. 24, T. 16 S.,, R. 5 E.
Oct. 11,1910 do
Dec. 18,1910

July

Sept. 15,1926
Iuly 26, 1927

Sept. 15 1926
July' 26,1927
July 28,1927

July 23,1926

do -
1214 miles above mouth, at alti-
tude of 5,300
Above mouth of Mesa Creek____..

Tnbutary of Mesa
Creek,

Louisa Creek._._____._.

.do.
At zgouth of Separation Creek_._..

Separatmn Creek.._.
Mesa Creek__..__.__

South Fork of Me-
Kenzie River.

1 xgﬂe above mouth of Separation
At mouth of Mesa Creek___...__.

One-half mile above mouth of
Separation Creek.

Altitude, 3,100 feet

At moutin of Separation Creek. ...

Above falls

s Does not include diversion to Eugene power plant,
5 Discharge estimated from gage reading.

One-quarter mile below Augusta
Creek.
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Muscellaneous discharge measurements in the McKenzie River Basin—Continued

. : Dis-
Date Stream Tributary to Locality charge
Sec.-f£.
June 16,1926 | South Fork of Me- | McKenzie River.___| Above East Fork._ . __._.____.__. 228
Kenzie River.
Aug. 8,1926 |._.__ doo. o eeondoo . 185
Sept. 22,1926 |_____ do. . 225
July 27,1927 {__._. do.. - - 253
Avg. 20,1927 |_____ do.. | 246
Sept. 15,1927 |._.__ do.__ - do | 208
Sept. 3,1912 ... do._ - 8 | 114
July 29,1927 | Roaring River___.._._ 126
June 29,1926 | South Fork of Me- 219
Kenzie River.
June 16,1923 | East Fork of South 10.6
Fork,
Aug. 8,1926 1.7
Sept. 22,1926 L5
June 17,1926 50
Aug. 8,1926 16

MAGNITUDE, DURATION, AND FREQUENCY OF FLOODS

The McKenzie River Valley is narrow and wooded, and both the
tributaries and the main stream have a considerable fall. The soil
of the basin is very porous, and a large part of the precipitation sinks
into the ground. All these factors tend to reduce the flood flow,
and at points above McKenzie Bridge the flood flows are small. The
maximum recorded daily discharge at McKenzie Bridge was 8,600
second-feet in December, 1920, Probably the peak flow was 10,000
second-feet. At the gaging station at Hendricks Bridge, near Spring-
field, the maximum recorded discharge was 37,900 second-feet in
February, 1907. At the time of the floods in the Umpqua River
Basin, in November, 1909, the discharge at Hendricks Bridge reached
a maximum of 35,400 second-feet.

On the headwaters of the McKenzie the ground is pervious and
would absorb a large amount of precipitation, and in the glacial
area of the Three Sisters freezing temperatures occur at night during
the months when flood discharges can be expected. The maximum
recorded flow for 24 hours at Hendricks Bridge was 37,900 second-feet
and at McKenzie Bridge 8,600 second-feet. Probably at Hendricks
Bridge the peak flow was several thousand second-feet higher than the
24-hour flow, but at McKenzie Bridge the peak was probably not much
greater than the 24-hour flow.

PRIOR WATER RIGHTS

Diversions for irrigation are not sufficient to have an appreciable
effect on the flow of the McKenzie River. The city of Eugene
diverts about 1,000 second-feet in the SE. % sec. 23, T. 17 S.,R. 1 W,
for its municipal power plant No. 1 (12ND 14) and this water is
returned to the river in sec. 25, T. 17 S., R. 2 W. The city probably
has a right to the entire flow of the river through this section. The
Eugene municipal power plant No. 2 (12ND 12), which is being con-
structed farther upstream, near Leaburg, will divert water in sec. 31,
T. 16 S, R. 2 E., and return it to the river in sec. 9, T. 17 S,, R. 1 E.
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These plants are not provided with storage. The 20-foot diversion
dam at the upper site will provide some pondage, and at the lower
plant some extra water can be obtained for a short period by drawing
down the canal. It is possible that the total pondage would amount
to half of the daily discharge during the low-water months, permitting
the plants to use all the water when operating on a 50 per cent load
factor. The city of Eugene also diverts water from the McKenzie
River for municipal purposes, but this diversion is so near the mouth
that it will not interfere with water-power development.

RECREATIONAL USE

The McKenzie River is paralleled by a highway from its mouth
to Lost Creek and has been extensively advertised by the city of Eu-
gene as a recreational area. Hotels are located at natural hot
springs and at other points in the valley, and there are a number of
summer homes along the river. The city plans to allow 300 second-
feet to flow continuously in the river channel to preserve the natural
charm and for fishing. Clear Lake also provides good fishing and
boating, and there are ideal camping sites along its shores. (See
pl. 4, A)

Development of the power resources of the river under proper
safeguards need not interfere with a large recreational use of the
river as well as the lake. The Upper Falls, below Clear Lake, present
a beautiful scenic effect (see pl. 5), and it seems fitting that they should
not be marred by the development of power but be preserved in their
natural state. However, in the opinion of the writers the Middle
and Lower Falls are less beautiful—in fact, the Lower Falls are dry
for a large part of the year, because the water flows beneath the
surface. (See pls. 4, B, C, and 6, A.) By diversion farther upstream
the head at the Lower Falls could be used for power, or the drop at
both the Middle and Lower Falls might well be so used.

RIVER CONTROL

The flow of the McKenzie River is very effectively controlled by
ground storage in the area above McKenzie Bridge and by the snow
and glaciers on the Three Sisters. The effect of this storage is evident
in the well-sustained flow during the summer at McKenzie Bridge
and Vida.

There are no large reservoir sites in the basin. The lakes are of
little value for storage. Clear Lake is caused by a lava flow which
dammed the old river valley, and at all stages there is a considerable
leakage from the lake through or around this lava dam. Horse Lake,
at the head of Horse Creek, is small and has only a few square miles
of drainage area. Considerable storage could be developed by con-
structing dams on the main stream, the principal obstacle being the
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cost of the land and improvements that would be flooded. A small
amount of storage could be obtained on the South Fork of the Me-
Kenzie River, but it would be expensive because of the steep slope of
the valley. A reservoir could be constructed on the Blue River, but
it would require two dams of considerable length, and the capacity
would not be great; with a very large demand for power storage at
this site might prove feasible. On account of the well-sustained flow
due to ground storage, however, reservoirs are not so necessary as
on some other rivers, and, because of this fact and the large uniform
fall, power will be developed mostly by low dams and conduits.
Some storage can be obtained on the main stream by drawing down
the head above proposed dams, but the net gain in power will not be
very great.

In the main, power developed on the McKenzie River will be
dependent on the natural flow and will require interconnection with
other water-power systems or steam stations to obtain the most
effective and most economical results.

STORAGE SITES

There are no developed storage sites in the McKenzie River Basin.
No reservoir sites capable of development for storage only were
found on the McKenzie River itself. Some storage can be developed
by drawing down the head at the Paradise site (12ND 7) and the
Eugene municipal site No. 3 (12ND 10), on the McKenzie River,
and at the Mesa Creek site (12ND 24), on Separation Creek, but as it
is assumed that these sites are of value primarily for power, the stor-
age is discussed in connection with the power. (See pp. 111, 113, 119.)
The only site proposed to be developed primarily for storage is on
the Blue River (12ND 34). In estimating the potential power with
storage it was assumed that regulation will be provided to give a
uniform flow. This plan would give the best results for the river as a
whole, but if a single plant were concerned the storage would probably
be used to give a uniform power output. The capacity of the pro-
posed storage sites is given in the table below. Further description
is given under the individual sites.

Capacity of reservoir sites in the McKenzie River Basin

Net capacity

Millions of
kilowatt-hours

Name Stream Location of dam
Acre-feet
At [ Atall
site | sites

Paradise____.__.._____.__ McKenzie River..__| Sec. 18, T. —34|- 136
Eugene municipal No. 3_{.____ do. .o . Sec. 32 T. -1 +27
Blue River._______._____ Blue River....__.___ Sec. 14, T, +5% 435
MeSB oo Separation Creek..._| Above Mes! +16

214,350 |____.._ 114
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CLEAR LAKE RESERVOIR SITE

The location of Clear Lake at the head of the McKenzie suggests that it might
be a reservoir site, but owing to the nature of the rock formations at the outlet
it is extremely doubtful if the lake could be made to hold any large amount of
water, and therefore it has not been considered in this report a potential reservoir.

Clear Lake (see pl. 4, A) lies in secs. 5 and 8, T. 14 8., R. 7 E. It is about
one-third of a mile wide and 1% miles long and occupies a narrow valley. The
west shore is a relatively steep soil-covered slope supporting a growth of large
firs and pines. The east shore rises gently, and much of it consists of rough,
clinkery aa lava, in places nearly barren of vegetation. About 200 feet from the
northeast shore of the lake, Great Spring issues quietly in a pool of green water
with a temperature of 39°. It discharges about 20 second-feet of water, which
flows westward into the lake.

In September, 1926, Ikinick Creek was discharging less than 1 second-foot
of water into the northwest corner of the lake. During wet weather Fish Lake
becomes the head of the McKenzie River and overflows into Clear Lake, but
in September, 1926, it was practically dry and no water was flowing in its outlet
channel. A measurement at the outlet of Clear Lake on August 8, 1924, showed
a discharge of 172 second-feet, and doubtless the inflow at that time did not
exceed 25 second-feet, so that 147 second-feet is left to be accounted for. This
water rises in the bottom of the lake.

The dam site at Clear Lake is in the NE. ¥4 NE. Y% sec. 17, near the outlet,
and its west abutment is composed of loose blocks of basalt of an aa lava flow.
Pine trees 3 feet in diameter grow on the surface of the lava flow, indicating that
it is fairly ancient. This lava flow dammed the McKenzie River, producing the
lake. A submerged upright forest is visible in the shallow northern part of the
lake. This forest was growing on the river bank at the time the lava dammed
the valley, and the trees, being submerged, have been preserved. (See pl. 6, B.)

An investigation of the southeast shore of the lake revealed a curious condition.
Attention was attracted to this part of the shore by great quantities of drift-
wood. Because the wind does not usually blow from the northwest at this
place, it was concluded that the driftwood was carried there by a current. A
muddy channel 30 feet wide filled with driftwood was found leading away from
the lake shore at this place. It is evident that during wet weather this entire
channel is submerged. In the first 200 feet the channel is filled with numerous
small springs, which had a temperature of 40° F. and a combined discharge of
about 8 second-feet. About 300 feet from the shore the channel ends abruptly
against the end of the aa lava that formed the dam to the lake. At this place
the entire flow of the springs cascades into a sinkhole partly filled with driftwood.
The hole is about 10 feet in diameter and 3 feet deep, with a distinct funnel shape.
Numerous holes of similar shape filled with water occur near by. These holes
apparently receive water during high stages of the lake.

On September 12, 1913, according to the daily discharge records,! the flow at
the outlet of Clear Lake was 319 second-feet. On the same day a measurement
of the McKenzie River 134 miles below Clear Lake and below the Middle Falls,
in see. 20, T. 14 8., R. 7 E., showed a flow of 642 second-feet. No surface streams
enter vhe river between these two points, hence the net gain in 1% miles of the
McKenzie channel on this day was 323 second-feet. Only a very small part of
this inflow can be seen as springs entering from the bank of the river. The
remainder must therefore issue as springs from the river bed. Most of this inflow
is believed to be leakage from Clear Lake that finds its way underground through
the natural lava dam at its outlet.

17. 8. Geol. Survey Water-Supply Paper 362, p. 659, 1915,
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It is evident that a dam at the proposed site would fail to impound the water,
because of leakage through the lava flows at the south end of the lake. The
history of many other lakes in Oregon formed by lava flows shows that it is
impossible to store water in them.

FOLEY RIDGE RESERVOIR SITE -

A dam 150 feet high at mile 69.3, at the point where the Foley Ridge Trail
intercepts the McKenzie Highway, would create a reservoir with a capacity of
35,000 acre-feet, of which 27,000 acre-feet would be in the upper 60 feet. An
earth dam at this site 150 feet high would contain about 3,000,000 cubic yards of
material. The water from the reservoir could be dropped through penstocks to
a power house on the north side of the McKenzie River and be discharged into a
canal leading to a power house at the mouth of the Blue River. If the upper
60 feet were used for storage, the stored water would generate 24,000,000 kilo-
watt-hours at all proposed sites on the McKenzie River, but if the period of
drawdown were to cover four months the loss of power due to loss of head would
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FIGURE 2.—Area and capacity curves, Blue River reservoir site, McKenzie River Basin

amount to 5,000,000 kilowatt-hours, leaving a net development of 19,000,000
kilowatt-hours. The cost of developing the head by a dam would be much
greater than by a tunnel, such as that proposed for the Belknap project (12ND 6).
In addition to the greater cost of a dam, which might be justified, there is serious
question as to whether the geologic conditions are such that the reservoir would
hold water. There would also be much opposition to the flooding of Belknap
Hot Springs. In view of all these adverse conditions, this site is considered
impracticable.

BLUE RIVER RESERVOIR SITE (12ND 34)

A dam 200 feet high on the Blue River in the NW. % sec. 14, T. 16 S.,, R. 4 E,,
would create a reservoir with a capacity of 59,000 acre-feet (see fig. 2) of which
49,000 acre-feet would be in the upper 100 feet. Bedrock, apparently andesite,
is exposed in the bed of the river. About 15 feet of gravel would have to be
cleaned off the right bank for a distance of 400 feet, and also from the right abut-
ment. The left abutment is a rock ledge and would require little excavation.
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There are two possible sites very much alike, about a quarter of a mile apart.
A dam at the upper site would be 100 feet longer but 10 feet lower. A dam at
either site would be expensive. An auxiliary dam 100 feet high and 2,000 feet
long would be required to close the gap between the Blue River and the McKenzie
River. Water from this site would be carried through the gap to the McKenzie
River at mile 57, where it could be used at the Blue River power site. (See
p. 123.)

The reservoir would have an area of 700 acres, but as all the land is of very
poor character, the principal cost would be for the dams. The water stored
above the 1,300-foot level could be used through a total head of 925 feet on the
McKenzie River, and at an efficiency of 70 per cent it would generate 33,000,000
kilowatt-hours of energy. The water stored below the 1,300-foot level could be
used through a total head of 600 feet and would generate 4,000,000 kilowatt-hours.
The loss of power due to loss of head at this site would be negligible, as the Blue
River has a very low flow in summer.

The drainage area of the Blue River above the dam site amounts to 40 square
miles, and as the mean annual run-off is estimated at 106,000 acre-feet, there
would be no trouble in filling the reservoir even in g dry year. During the sum-
mer the run-off drops to about 20 second-feet, so that the reservoir could be
completely emptied, thus destroying the head, and yet there would be little loss
of power at the dam site due to not using this small natural flow,

WATER POWER

The annual precipitation on the headwaters of the McKenzie
River averages about 100 inches. Most of this oecurs during nine
months of the year, but the porous volcanic soil provides a large
underground regulating reservoir, so that the river has a well-sus-
tained flow throughout the summer. Even in such years as 1924 and
1926, which were the driest of record in western Oregon, the flow of
the McKenzie River was not affected to nearly so great a degree as
that of other streams in the same general locality. The river has a
fall of 2,630 feet in 86 miles—1,650 feet in the 21 miles from Clear
Lake to McKenzie Bridge and 980 feet in the 65 miles from McKenzie
Bridge to the mouth.

From the mouth of Clear Lake to Belknap Springs the river flows
in a canyon; in this section power will be developed by means of
low dams and conduits, partly because of the steep slope and partly
because of probable leakage if high dams were built. From Belknap
Springs to Martin Rapids the river valley is rather narrow but still
so wide that high dams would be long and expensive except possibly
at two sites, which are discussed elsewhere. Below Martin Rapids
development will be effected by low dams and open-cut canals, as in
the developed project of the city of Eugene.

Separation Creek, tributary to Horse Creek, has a well-sustained
flow even at 5,000 feet above sea level, and because of its rapid fall
the cost of developing the power should not be great. At present
the creek, especially the headwater portion, is very inaccessible, but
roads to reach it will probably be built in the course of a few years.
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Horse Creek has a good flow of water below the mouth of Separa-
tion Creek, but above that point the discharge drops as low as 25
second-feet in a dry summer.

The flow of the South Fork of the McKenzie River amounts to at
least 150 second-feet at the mouth of the Roaring River, even in a
dry year, and power development on this stream should be financially
feasible, as the fall is between 50 and 100 feet to the mile.

DEVELOPED POWER
EUGENE MUNICIPAL POWER PLANT No. 1 (12ND 14)

Water for Eugene municipal power plant No. 1 (see pls. 8, 4, and 9, B) is
diverted from the river into a large open canal in the SE. %4 sec. 23, T. 17 8.,
R. 1 W, and carried about 4 miles to a plant in the NW. ¥ see. 29, T. 17 8.,
R. 1 W. The net head is about 45 feet. The hydraulic machinery has a capac-
ity of 4,300 horsepower, consisting of two turbines rated at 1,200 horsepower
each and one rated at 1,900 horsepower. The three generators have a rated
capacity of 3,285 kilovolt-amperes. There is no auxiliary power, but the city
purchases power from the Mountain States Power Co. Water from the plant is
discharged into a short canal, from which it lows down an old channel, reach-
ing the river again at the mouth of Camp Creek, in sec. 25, T. 17 8., R. 2 W.
A second plant (12ND 12) is under construction near Leaburg.

Potentiul power at site 12ND 14
[Gross head, 55 feet]

Flow in second-feet Horsepower
90 per cent | 50 per cent | 90 per cent | 50 per cent
of time of time of time of time
Natural flow_________ 1,790 3,550 7,880 15,600
With storage at Eugene mumcxpal site NO, 3. 2,220 3, 650 9,770 15, 600
‘With storage at all proposed sites. .. ocooocee oo 2,650 3,650 11,600 15,600

UNDEVELOPED POWER

In outlining power schemes and in estimating the potential power
of the sites described below all the fall and stream flow has been in-
cluded. Because of the recreational use of the area, however, it will
probably be necessary to allow some water to flow continuously in
the channel of the river, and possibly some stretches will never be
developed because of their scenic value. Owing to the steep slope
of the stream bed in the upper section and the wide valley in the
lower section, most of the development will be effected by means of
low dams and conduits.

UPPER FALLS POWER SITE (12§D 1)

The Upper Falls site is considered as a single unit because it may be desirable

to preserve these falls (see pl. 5) for their scenic value rather than to use them

for the development of power. Water would be diverted at the outlet of Clear
Lake and carried along the left bank of the McKenzie River in a lined conduit
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or pipe for about a mile, to a point between the Upper and Middle Falls, where
a head of 250 feet would be obtained. Clear Lake would furnish storage to take
care of any daily fluctuations in load, and plants at this site and those imme-
diately below it might become valuable peak-load plants if the power were used
for city lighting. As the country is rough and construction of open conduits
would be expensive, it is probable that a pipe line would be used. The natural
Q90 flow at this site is 242 second-feet, and the Q50 flow is 340 second-feet.
With a gross head of 250 feet 4,840 horsepower could be developed for 90 per
cent of the time and 6,800 horsepower for 50 per cent of the time.

MIDDLE FALLS POWER SITE (19ND 9)

The Middle Falls project was selected in order to allow the Upper Falls to be
preserved for their scenic value, if desired, and at the same time to develop the
power of the remainder of the river. The intake would be a short distance
below the Upper Falls, at the point considered for the power house of that site
(12ND 1). Water would be diverted by a low dam and carried in a lined or
closed conduit for less than half a mile to a power house below the Middle Falls,
at the 2,600-foot contour crossing, where a head of 150 feet would be obtained.
This location of the power house would take advantage of the inflow of under-
ground water, so that the maximum flow in the river would be obtained for
diversion for the next project below. The flow below the Middle Falls is con-~
siderably greater than at the outlet of Clear Lake, whereas at the Lower Falls
the stream is dry in the summer. A view of the Middle Falls is given in
Plate 6, A.

The Q90 flow for this project is assumed to be 80 second-feet greater and the
Q50 flow 100 second-feet greater than at the outlet of Clear Lake. This assump-
tion is based on two measurements made below the Middle Falls in 1913. The
first measurement, on September 12, gave 642 second-feet below the Middle
Falls, compared with 319 second-feet at the outlet of Clear Lake, showing an
inflow of 323 second-feet. A second measurement on October 20 gave 686
second-feet below the Middle Falls and 364 second-feet at the outlet of Clear
Lake, showing an inflow of 322 second-feet. The increase of 45 second-feet in
discharge at the outlet of Clear Lake seemed to cause no increase in the flow
from the springs that supplied the inflow between Clear Lake and the Middle
Falls. It is felt that at least part of this increase would enter the river below
the Upper Falls and so be available for this project.

The natural Q90 flow at this site is estimated at 322 second-feet, and the Q50
flow at 440 second-feet. With a head of 150 feet, 3,860 horsepower could be de-
veloped for 90 per cent of the time and 5,280 horsepower for 50 per cent of the

time.
LOWER FALLS POWER SITE (12ND 8)

Water for the Lower Falls project would be diverted just below the proposed
power house of the Middle Falls project (12ND 2), at the point of maximum low-
water flow in the river. This point has been tentatively set at the 2,600-foot
contour crossing.

The discharge at this site on September 12 and October 20, 1913, was 322
second-feet greater than at the outlet of Clear Lake. (See also discussion of site
12ND 2). The flow at the outlet of Clear Lake was 319 second-feet on September
12 and 364 second-feet on October 20, 1913, or nearly the same as the Q50 dis~
charge, which was 340 second-feet for the 3-year period 1913-1915. From these
data the Q50 discharge at the Lower Falls site is estimated at 660 second-feet.
The Q90 discharge at the outlet of Clear Lake was 242 second-feet for 1913-1915,
or about 100 second-feet less than the Q50 discharge. If it is assumed that the
inflow between the outlet of the lake and this site would be somewhat more con-

3030°—31——8
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stant, as it comes from springs, and that the inflow for 90 per cent of the time was
only 82 second-feet less than the inflow for 50 per cent of the time the Q90 flow
at this site would be 480 second-feet.

The conduit would be a pipe line about 3}% miles long, with perhaps some
stretches of lined canals. The right bank is an older and more weathered forma-
tion than the left bank, which is a recent lava flow, and the conduit would prob-
ably follow the right bank. The water from the power house would discharge
into the pool just below the Lower Falls. (Seepl. 4, B.) With a gross head of 270
feet and a natural Q90 flow of 480 second-feet and a Q50 flow of 660 second-feet,
10,400 horsepower could be developed for 90 per cent of the time and 14,200 horse-
power for 50 per cent of the time.

For the construction of the projects here proposed, it would be necessary to ex-
tend a road up the McKenzie River from Belknap Springs to Clear Lake, to trans-
port material, but such a road is a natural development and probably will be builé
by the United States Forest Service before the water power is developed.

SMITH RIVER POWER SITE (12ND 4)

Water for the Smith River project would be diverted from the MeKenzie
River just below the power house of the Lower Falls site (12ND 3) and carried
by a conduit for 3 miles along the right bank of the river to a power house at the
mouth of the Smith River, where a head of 310 feet would be obtained.

Between the Middle Falls and McKenzie Bridge there is an increase of 680
second-feet in the Q90 flow and of 930 second-feet in the Q50 flow. Some of this
increase is accounted for by the flow of Horse and Olallie Creeks, but there is still
a considerable surplus, which must come largely from springs. It is assumed that
the Q90 flow at this site is 50 second-feet greater and the Q50 flow 70 second-feet
greater than the flow available for use at site 12ND 3. The natural Q90 flow at
this site is 530 second-feet, and the Q50 flow 730 second-feet. With a gross head
of 310 feet 13,100 horsepower could be developed for 90 per cent of the time and
18,100 horsepower for 50 per cent of the time.

DEER CREEK POWER SITE (12ND 5)

Water for the Deer Creek project would be diverted below the power house of
site 12ND 4, at the mouth of the Smith River. By carrying the conduit along
the left bank of the river both Anderson Creek and Olallie Creek could be diverted
and used. The proposed power-house site is just above Deer Creek, at mile
75.6, where a head of 170 feet would be obtained. The discharge for this site
would be considerably greater than that for the Smith River site, because numer-
ous spring-fed creeks enter the river just above -the proposed intake. Anderson
Creek is a surface stream with a low-water flow of 16 to 20 second-feet. Olallie
Creek is fed by two springs at about the 2,180-foot contour. Measurements in
1926 showed 135 second-feet on July 20 and 140 second-feet on September 6;
this was an extremely dry period. Measurements in 1924, which was also a dry
year, showed 200 second-feet on April 30, 165 second-feet on May 13, and 197
second-feet on August 12. It would seem safe to assume a Q90 discharge of 165
second-feet for Olallie Creek. Adding 15 second-feet for Anderson Creek and
110 second-feet for the springs and creeks between the Lower Falls and Smith
River sites gives a total Q90 discharge for this site of 820 second-feet.

There would be no unusual features in the development of this site. The con-
duit would be about 3 miles long, and for a large part of the way an open lined
canal could be used.

The natural Q90 flow at this site is 820 second-feet, and the Q50 flow, estimated
from this Q90 discharge and the ratio of Q50 to Q90 at McKenzie Bridge, is 1,120
second-feet. With a gross head of 170 feet 11,100 horsepower could be developed
for 90 per cent of the time and 15,200 horsepower for 50 per cent of the time.
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BELKNAP POWER SITE (12ND 6)

The diversion site for the Belknap project is at the mouth of Deer Creek.
Water would be carried by a conduit, probably a pipe line, for about 2 miles
along the right bank of the river, and then by 2 miles of tunnel to a point in the
NE. %4 sec. 9, T. 16 8., R. 6 E., where a head of 300 feet would be obtained.
About 200 feet of this head would be obtained by the tunnel, which could be
made a separate unit if desired.

Any statement of the increase in discharge available for this project over that
at the Deer Creek site is little more than a guess, owing to the scantiness of the
information available. The Q90 flow at McKenzie Bridge is 340 second-feet
greater than the estimated flow available for site 12ND 5. Lost Creek would
supply about 225 second-feet, leaving 115 second-feet inflow to be accounted for.
It has been assumed that 50 second-feet of this amount would come from Deer
Creek and springs between the Smith River and Deer Creek. This would give
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FIGURE 3.—Area and capacity curves, Paradise reservoir site, McKenzie River Basin

a Q90 flow of 870 second-feet for this project. The Q50 flow is estimated from
the Q90 flow by using the ratio of Q50 to Q90 at McKenzie Bridge. It is pro-
posed to divert the flow of Lost Creek (see 12ND 18) at the 1,800-foot contour
and carry it to a power house on the left bank of the river opposite the power house
of the Belknap site. If desired, the water could be brought across the river so
that one power house would serve for both units.

The ‘natural Q90 flow at this site is 870 second-feet and the Q50 flow 1,190
second-feet. With a head of 300 feet 20,900 horsepower could be developed for
90 per cent of the time and 28,600 horsepower for 50 per cent of the time.

PARADISE POWER SITE (128D 7)

The Paradise site could be developed at the least cost by a conduit, but a dam
145 feet high at mile 66, in the NW. % sec. 18, T. 16 8., R. 6 E., would raise the
water level to 1,550 feet and create a reservoir with a capacity of 70,000 acre-
feet (see fig. 3), of which 60,000 acre-feet would be in the upper 80 feet. Such a
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dam would be 3,000 feet long, and an earth-fill structure would require over
4,000,000 cubic yards of material.

No bedrock is exposed in the river channel, which probably consists of glacial
material. Both banks rise steeply at the dam site, and probably rock is not more
than 10 o 15 feet below the surface. The depth of the gravel deposit in the river
channel and on the bottom land on the right bank would determine the feasi-
bility of the project, but at best it would be a very expensive development.

The stored water would generate 44,000,000 kilowatt-hours at this and other
proposed sites lower down on the McKenzie River. If the period of drawdown
is assumed to be four months the loss of power due to loss of head would amount
to dbout 8,000,000 kilowatt-hours, leaving a net development of 36,000,000
kilowatt-hours. As the stored water would generate 4,500,000 kilowatt-hours
at this site, the net loss at the site due to drawing down the head for storage
would be 3,500,000 kilowatt-hours. '

Under present conditions in Oregon it is not financially feasible to utilize this
storage, but there is a possibility that conditions 25 years or more from now may
justify its cost. If the power is not developed by means of a dam it can de
developed by a conduit, which would provide potential power with natural
flow nearly as great as if it were developed by a dam. The natural flow at
the dam site is practically the same as at the gaging station at McKenzie Bridge.

Potential power at site 12ND 7
[Gross head, 145 feet; mean head with 80 feet drawdown, 111 feet; regulation for uniform flow]

Flow in second-feet Horsepower

90 per cent | 50 per cent | 90 per cent | 50 per cent
of time of time of time of time

Natural fow.____________ o 1,160 1, 590 13,400 18, 400
Regulated flow...______________ . 1,300 1, 590 11, 500 18, 400

The greatest recorded flow at this site was 8,600 second-feet. Very little
valuable land would be overflowed by this proposed reservoir, and there would
be little damage to the sceniec beauty of the site.

McKENZIE BRIDGE POWER SITE (12ND 8)

A diversion dam about 10 feet high at mile 65.5, in the NE. % sec. 13, T. 16
8., R. 5 E., would back water within 5 feet of the power house of the Paradise
site (12ND 7). It is proposed to divert Horse Creek into the McKenzie River
above this dam, so that the Q90 flow would be at least 250 second-feet greater
than the natural flow at McKenzie Bridge. The water would be carried by a
conduit down the right bank of the river for 6 miles, to the mouth of Mill Creek,
where a head of 225 feet would be obtained. Most of the conduit would probably
be an open canal excavated by steam shovel, but the last mile would be on a
steep hillside, and a pipe line would probably be necessary.

Potential power at site 12ND 8
[Gross head, 225 feet]

Flow in second-feet Horsepower
90 per cent | 50 per cent | 90 per cent | 50 per cent
of time of time of time of time
Natural flow__________________ .. a1, 410 51,940 400 34
Regulated flow_________ . TTTTTTTTTTTTTTTTT a1, 550 21,940 3’75: 900 34, %

¢ Includes 250 second-feet from Horse Creek. b Includes 350 second-feet from Horse Creek.
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COMBINATION POWER SITE (12ND 9)

A diversion dam about 5 feet high below the mouth of Mill Creek is proposed
for a combination project to divert water into a canal on the right bank. A
conduit about 5% miles long would lead to a power house just above the mouth
of the Blue River, where a head of 140 feet would be obtained. The flow of the
South Fork of the McKenzie River could be diverted to the McKenzie River -
above this site by building a canal a little over a mile in length. If the Blue
River Reservoir (12ND 34) is constructed, 48,000 acre-feet of water stored on
the Blue River would be available for use in this project.

Such measurements of the South Fork of the McKenzie River as are available
indicate that the Q90 discharge was about 195 second-feet in 1926, a very dry
year, and 245 second-feet in 1927, a wet year, giving a mean of 220 second-feet.
The Q50 discharge is estimated at 350 second-feet.

The water from the Blue River Reservoir would pass through a power house
just above the conduit of this project and be discharged into the conduit. The
reservoir would probably be completely emptied during the driest period of the
year, and the water below an altitude of 1,300 feet would be discharged into the
Blue River and used in the plants below. Only the water above an altitude of
1,300 feet could be diverted across the ridge to this power site.

Potential power at site 12ND 9

[Head, 140 feet]
Flow in second-feet Horsepower
90 per cent | 50 per cent | 90 per cent | 50 per cent
of time of time of time of time
Natural flow._ o ieeeen s 1, 680 52,290 18, 800 25, 600
Regulated flow_ .ol e 1,820 b 2, 290 20, 400 25, 600

R? Includes 250 second-feet from Horse Creek and 220 second-feet from the South Fork of the McKenzie
iver. —
b Includes 350 second-feet each from Horse Creek and the South Fork of the McKenzie River.

EUGENE MUNICIPAL POWER SITE No. 3 (12ND 10)

The Eugene municipal power site No. 8 is in the SW. ¥ sec. 32, T. 16 S., R. 3 E,,
just above Bear Creek. (See pl. 7.) A masonry dam is proposed to raise the
water 170 feet. The south bank at the site is a brush-covered rock wall of the
preglacial McKenzie River Valley and will form a good abutment for the pro-
posed dam. A reef of rock crosses the river in this vicinity, and a specimen from
an outcrop in the river was determined under the microscope by C. 8. Ross, of the
United States Geological Survey, to be andesite. The rock is fresh and dense
wherever exposed, and although somewhat jointed it will form an excellent
foundation for the proposed dam. The right abutment is a broad bench about
300 feet wide of Pleistocene alluvium, which, wherever it is exposed, consists
almost entirely of large cobbles. North of the gravel bench there is a rocky
cliff with a short talus at its base. A specimen from the cliff was determined by
Mr. Ross to be a diorite. It is apparently intruded into diabase. The contacts
are all tight, and so far as the rock is concerned this site is an excellent location.
The problem is entirely one of the cost of excavating the gravel bench. Test
pits have been put down to bedrock in this bench by the city of Eugene, and it is
reported by local people that the altitude of the bedrock under the bench is lower
than that of the rock in the river. Such a condition is not surprising, for the
ancient channel before it was filled with glacial outwash may well have been cut
deeper in bedrock than the present one. Geologically the site is perfectly feasible.
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An alternative site for the dam is at Martin Rapids (see pl. 8, B), in the SW. }4§
sec. 36, T. 16 8., R. 2 E. At this site a series of conformable lava beds dipping
upstream are exposed. The uppermost bed is a feldspar porphyry, determined
by C. 8. Ross to be a coarse andesite. Below this is a bed of green felsite also
determined by Mr. Ross to be an andesite. Under this andesite is a dark igneous
rock which is probably a diabase. A narrow gravel bench borders the river on
the south abutment, and beyond this are outcrops of sound rock. The north
abutment is a rocky cliff composed of the igneous rocks described above. The
rock is jointed, but seepage under and around the dam can easily be prevented
by cement grouting. The river at the site flows quietly, suggesting a deep chan-
pel. The Oregon Power Co., which drilled this site, is reported to have found
bedrock between 30 and 40 feet below the surface of the river. Except for the
possibly great depth to bedrock this dam site is an excellent one, and it should be
carefully investigated before abandonment. If the dam is built at the Eugene
municipal site No. 3, then the power between the two sites could be developed
by a canal.
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FIGURE 4.—Arsa and capacity curves, Eugene municipal site No. 3, McKenzie River Basin

The indications are that the municipal site is the better of the two. The dam
proposed at that site would raise the water to an altitude of 1,020 feet. This
would create a reservoir with a capacity of 109,000 acre-feet (see fig. 4), of which
90,000 acre-feet would be in the upper 80 feet, This water could be used through
a mean head of 138 feet and would generate at 70 per cent efficiency 9,000,000
kilowatt-hours. The stored water could also be used through 430 feet of head
at sites lower down the river and would generate 28,000,000 kilowatt-hours, or
a total at all sites of 37,000,000 kilowatt-hours. If it is assumed that the period
of drawdown would last four months and that the flow during this period would
average 1,800 second-feet, the loss of power due to loss of head would amount to
10,000,000 kilowatt-hours. Thus there would be an actual loss of 1,000,000
kilowatt-hours at the site itself due to drawing down the head, but the stored
water would permit the adjustment of the power supply to the load during the
period of low flow, and if the sites below were developed there would be the further
advantage of a net gain of 27,000,000 kilowatt-hours. The gaging station near
Vida shows the flow at this site,
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Potential power al site I2ND 10

[Head without drawdown, 176 feet; mean head with 80 feet drawdown, 138 feet; regulation for uniform flow]

Flow in second-feet Horsepower
90 per cent | 50 per cent | 90 per cent | 50 per cent
of time of time of time of time
Natural flow_ s 1,750 3, 150 23, 800 42, 800
With storage at thissite... ... ... .. 2,180 3, 150 24, 100 42, 800
With storage at all proposed sites. ... ... 2, 600 3,150 28, 700 42, 800

VIDA POWER SITE (12ND 11)

Water for the Vida project would be diverted just below the power house of
the Eugene municipal site No. 3 (12ND 10) and carried along the left bank of
the river to a power house at mile 37, in the NE. ¥% SE. Y seec. 29, T. 16 S., R.
2 E., giving a gross head of 100 feet. The flow would be the same as for the
municipal power site No. 8. The conduit would be difficult to construct in
places, but this projeet will probably be financially feasible as soon as there is
a market for the power. The conduit would be about 6% miles in length.

Potential power at site 1I2ND 11

Flow in second-feet Horsepower
90 per cent | 50 per cent | 90 per cent | 50 per cent
of time of time of time of time
Naturalflow. ... 1,750 3,150 14, 000 25, 200
With storage at Eugene municipal site No. 3.___ 2, 180 3, 150 17, 400 25, 200
‘With storage at all proposed sites...__.. .. _______..._ 2, 600 3,150 20, 800 25, 200

EUGERE MUNICIPAL POWER SITE No. 2 (13ND 12)

The project at Eugene municipal power site No. 2 is under construction by
the city. (See pl. 9, A.) Water will be diverted by a 20-foot concrete dam in
the NE. Y4 sec. 31, T. 16 S., R. 2 E., at mile 35.5 and carried in a condui¢ along
the right bank to a power house in the SE. % sec. 9, T. 17 8., R. 1 E,, at mile
30, which will give a gross head of 90 feet. The conduit will be an unlined canal
for most of the distance, but probably the over-all efficiency will be at least 70
per cent, which is the efficiency assumed in computing the potential power.
The flow would be somewhat greater than at the gaging station at Vida.

Two units are planned, of which only one will be installed at first. Each unit
will consist of a 10,000-horsepower turbine with a 7,500-kilovolt-ampere gener-
ator. The canal will have a capacity of 2,200 second-feet. Two penstocks 12
feet in diameter will extend 275 feet from the forebay to the power house.

The city of Eugene plans to allow at least 300 second-feet to low past the dam
unused at all seasons of the year, it being the intention to avoid thereby any
injury to the scenic and recreational features of the river channel between the
points of diversion and return of the water utilized for power development.
This reserve will not affect the potential power of the site, however, but only
the operation of the power plant. In case of an emergency or for any other
good reason the water could all be diverted and used, :
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Potential power at site 12ND 12
[Head, 90 feet]

Flow in second-feet Horsepower

90 per cent | 50 per cent | 90 per cent | 50 per cent
of time of time of time of time

Ngmml oW o e 1,780 3,350 12, 800 24,100
With storage at Eugene municipal site No. 3 . 2,210 3,350 15, 900 24,100
With storage at all proposed sites- ... -...___ 2,640 3,350 19, 000 24,100

DEERHORN POWER SITE (12ND 13)

The Deerhorn site includes the stretch of river between the power house of
the Eugene municipal plant No. 2 (12ND 12), below Leaburg, now being built,
and the point of diversion of the Eugene plant No. 1 (12ND 14), already con-
structed. Water would be diverted just below the Leaburg site and carried
along the right bank of the river to a power house in the NW. % sec. 24, T. 17
S., R. 1 W, giving a gross head of 45 feet. Tail water from this plant would
be discharged directly into a canal leading to Eugene power plant No. 1. The
water available at this site is assumed to be 10 second-feet less than the flow
at Hendricks Bridge for 90 per cent of the time and 20 second-feet less for 50
per cent of the time.

Potential power at site I2ND 13

[Gross head, 45 feet}
Flow in second-feet Horsepower
90 per cent | 50 per cent | 90 Der cent | 50 per cent
of time of time of time of time
Natural low ... ... 1,790 3,550 6,440 12,800
‘With storage at Eugene municipal site No. - 2,220 3,550 8,000 12,800
With storage at all proposed sites. - ......_.._.... - 2,650 3, 550 9, 540 12,800

HAYDEN BRIDGE POWER SITE (12ND 15)

Water for the Hayden Bridge site would be diverted just below the Eugene
municipal power plant No. 1 and carried by a conduit to a point near Hayden
Bridge, in the SW. % sec. 20, T. 17 8., R. 2 W., giving a gross head of 90 feet.
This project would involve 6% miles of conduit, compared with 5% miles for
Eugene municipal site No. 2 (12ND 12). There would be no dam to construct,
as the conduit could be made a continuation of the tailrace of Eugene plant No. 1.
A siphon about a quarter of a mile long would be necessary at Camp Creek, but
the head on the siphon would amount to only about 30 feet. The power plant
would be only 11 miles from the mouth of the McKenzie River, on the Southern
Pacific Railroad. Altogether this seems to be an inexpensive development and
financially feasible whenever a market is ready for the power. The water avail-
able would be the same as for the Eugene municipal plant No. 1 (12ND 14).

Potential power at site 12ND 15
[Gross head, 90 feet]

Flow in second-feet Horsepower
90 per cent | 50 per cent | 90 per cent | 50 per cent
of time of time of time of time
Natural A0W oo U 1,790 3,500 12, 900 25, 200
With storage at Eugene municipal site No.3.___.._..__ 2, 220 3,500 16,000 25,200

With storage at all proposed Sites_— ... 2,650 3,500 19,000 25, 200
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COBURG POWER SITE (12ND 16)

Water for the Coburg site would be diverted by a dam 10 feet high just below
the mouth of the Mohawk River and carried along the right bank of the McKenzie
River for 5 miles to the Coburg Bridge, giving a gross head of 50 feet. A long
dam on a gravel foundation would be required. The water available is agsumed
to be 10 second-feet more than at Hendricks Bridge for 90 per cent of the time and
20 second-feet more for 50 per cent of the time. The canal could be dug with a
steam shovel but would probably require lining at the lower end. The power
house would be close to Springfield and Eugene, and only a short transmission
line would be required. This appears to be a feasible development, as soon as a
market for the power is available.

Potential power at site 12ND 16
[Gross head, 50 feet]

Flow in second -feet Horsepower
90 per cent | 50 per cent | 90 per cent | 50 per cent
of time of time of time of time
Natural flow 1,810 3, 590 7,440 14, 400
With storage at Eugene municipal site No. 3_ 2,240 3, 590 8, 840 14, 400
With storage at all proposed sites 2,670 3, 590 10, 700 14, 400

OLALLIE CREEK POWER SITE (12ND 17)

Water can be diverted from the springs that contribute the entire low-water
flow of Olallie Creek at an altitude of 2,160 feet and carried in a conduit along the
left bank of the creek for about a mile to a power house where a head of 140 feet
can be obtained. Water from the power house will be discharged into the conduit
of the Deer Creek power site (12ND 5). The following miscellaneous discharge
measurements have been made near the mouth of the creek:

Second-feet - Second-feet
Apr. 30, 1924 ___ e 200 | July 20, 1926___ . ________ 135
May 18, 1924 oo 165 | Sept.6, 1926 oo 139
Aug. 12,1924 _ ... 197

As both 1924 and 1926 were years of very low run-off it is assumed that the
Q90 flow amounts to 165 second-feet and that the Q50 flow amounts to 200
second-feet. With a gross head of 140 feet 1,850 horsepower could be developed
for 90 per cent of the time and 2,240 horsepower for 50 per cent of the time.

LOST CREEK POWER SITE (12ND 18)

Lost Creek receives most of its low-water flow from springs near the mouth
of White Branch. By diverting it at the 1,800-foot contour crossing, practically
the whole flow of Lost Creek would be obtained. The water would be carried by
a conduit along the left bank of Lost Creek and then through a long penstock
to a power house in the NE. % SE. % sec. 9, T. 16 S., R. 6 E., where a head of 250
feet would be obtained. If desired it could be carried across the river to the
Belknap power house (12ND 6).

A temporary gaging station was maintained on Lost Creek near the mouth in
1926, a very dry year. The records at this station show a Q90 discharge of 173
second-feet, but the Q90 flow in 1926 at McKenzie Bridge was only 67 per cent
of the normal flow, and if this was true of Lost Creek then the normal Q90 flow
would amount to about 250 second-feet. It has been assumed that the Q90
flow is 225 second-feet and the Q50 flow 300 second-feet,
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This project would require about 3 miles of canal and 0.6 mile of penstock.
It is close to good roads, the right of way is across lands of little value, and
outside of the transmission lines the cost should not be very high. If desired
the water could be carried across the McKenzie River to the power house at the
Belknap site (12ND 6).

With a head of 250 feet 4,500 horsepower could be developed for 90 per cent
of the time and 6,000 horsepower for 50 per cent of the time.

POWER SITES ON HORSE CREEK ABOVE SEPARATION CREEK (12ND 19, 20, AND 21)

During periods of low flow most of the water in Horse Creek comes from
Separation Creek. For example, on September 9, 1926, the flow of Separation
Creek at its mouth was 206 second-feet, and on August 28 Horse Creek above
the mouth of Separation Creek was flowing 25 second-feet. Probably in a wet
year the flow of Horse Creek would be considerably higher, but it is doubtful
if the Q90 flow above the mouth of Separation Creek would exceed 50 second-
feet. Upstream the flow gradually diminishes until at Horse Lake it amounts
to only about 5 second-feet. The area of Horse Lake is roughly 100 acres, and it
is estimated that a dam 50 feet high and 500 feet long would store not to ex-
ceed 8,000 acre-feet of water.

The fall below Horse Lake amounts to several hundred feet to the mile, but
with a low-water flow of not more than 10 second-feet the development of this
site will not be economically feasible for many years. No survey of Horse Creek
above Separation Creek has been made, and therefore detailed power estimates
can not be given, but three sites are proposed, as follows: 12ND 19, at Horse
Lake; 12ND 20, from a point about a mile below Horse Lake to the mouth of
Eugene Creek; 12ND 21, from the mouth of Eugene Creek to the mouth of
Separation Creek. These three sites would have a total potential capacity,
without storage, estimated roughly at 4,000 horsepower for 90 per cent of the
time and 8,000 horsepower for 50 per cent of the time.

FOLEY SPRINGS POWER SITE (12ND 22)

Water for the Foley Springs project would be diverted from Horse Creek just
below the mouth of Separation Creek and carried along the left bank of the
ereek to a power house at the 1,700-foot contour erossing, about 1 mile above
Foley Springs, where a head of 280 feet would be obtained.

In 1926 the Q90 flow of Horse Creek at the bridge at mile 3 amounted to 250
second-feet. As 1926 was the year of lowest flow recorded in western Oregon,
it seems probable that in an ordinary year there would be a Q90 flow of at least
280 second-feet at the bridge and 275 second-feet at this site. No records are
available to show the Q50 flow, but it is estimated roughly at 400 second-feet.
It is possible that 5,000 acre-feet of storage would be developed on Mesa Creek,
a tributary of Separation Creek, but this would not greatly affect the Q90 flow at
the Foley Springs site, and it has been disregarded. With a head of 280 feet
6,160 horsepower could be developed for 90 per eent of the time and 8,960 horse-
power for 50 per cent of the time.

POWER SITE AT THE MOUTH OF HORSE CREEK (12ND 23)

Water for the project at the mouth of Horse Creek would be diverted at the
1,700-foot contour crossing on Horse Creek and carried along the right bank
of the creek and through a tunnel to a power house in the NW. 4 NE. ¥ sec. 24,
T. 16 S., R. 5 E., where a head of 300 feet would be obtained. Water after
passing through the power house would be carried in an open canal to the
McKenzie River at the diversion site for project 12ND 8. The Q90 flow available
for this project would not be over 5 sevond-feet greater than the flow just below
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Separation Creek and the Q50 flow 10 second-feet greater. The basis for the
estimate of the water available at this site is discussed under site 12ND 22.

The natural Q90 flow at this site is 280 second-feet and the Q50 fiow 410 second-
feet. With a head of 300 feet 6,720 horsepower could be developed for 90 per cent
of the time and 9,840 horsepower for 50 per cent of the time.

MESA CREEK POWER SITE (12ND 24)

The Mesa Creek site is near the Three Sisters, at the head of Separation Creek,
a tributary of Horse Creek. It is proposed to construct a dam 100 feet high on
Separation Creek at the 4,800-foot contour. Water would be diverted into the
reservoir thus formed from Mesa Creek and Honey Creek, tributaries of Separa-
tion Creek. A penstock about 13 miles long would lead to a power house at an
altitude of 3,550 feet, giving an average head of 1,300 feet. The capacity of the
reservoir would be 5,350 acre-feet, which could be used through a head of 2,870
feet on Separation Creek and a total head of 4,415 feet on the McKenzie River,
Horse Creek, and Separation Creek. This amount of stored water would
generate 5,000,000 kilowatt-hours of energy if used through a head of 1,300 feet
at 70 per cent efficiency and 17,000,000 kilowatt-hours if used through a head of
4,415 feet. 'The loss of power due to drawing down the head would amount to
1,000,000 kilowatt-hours. If it is considered better to develop this site without
storage the water could be diverted at an altitude of 5,000 feet, giving a total
head of 1,450 feet.

Very little information is available on the flow of Separation Creek and its
tributaries, Mesa, Honey, Rainbow, and Louisa Creeks. On July 12, 1927,
Mesa Creek 1 mile above its mouth was flowing 51 second-feet, and a tributary
entering Mesa Creek at an altitude of 4,250 feet was flowing 19 second-feet.
Probably most of the flow of this tributary could be diverted and used, as it
lies between Mesa Creek and Separation Creek. Separation Creek at the mouth
of Mesa Creek was flowing 76 second-feet on July 12 and 76 second-feet on July
20. At an altitude of 5,400 feet it was flowing 50 second-feet on July 20. Prob-
ably at the 4,800-foot contour the flow was about 60 second-feet. Honey Creek
has very little water, but it could be easily diverted into Separation Creek. The
flow in July, 1927, available for this project is estimated at 50 second-feet from
Mesa Creek, 15 second-feet from a tributary of Mesa Creek, 60 second-feet from
Separation Creek, and 7 second-feet from Honey Creek, a total of 132 second-feet.
As 1927 was a wet year the flow ordinarily would amount to perhaps three-
fourths of this, or 100 second-feet, and this is taken as the Q90 flow ordinarily
available. No records are available for the winter, but even if the winter flow
is low on Separation Creek it is high on most streams in western Oregon, and
any load could be carried by other stations.

The flow at the mouth of Separation Creek on July 25, 1927, was 308 second-
feet, and on September 9, 1926, at the end of a very dry season, it was 206 second-
feet. Horse Creek at the highway bridge was flowing 264 second-feet on July 25,
1926, and 235 second-feet on September 9, 1926. It seems safe to assume that
the Q90 flow of Separation Creek would be at least three-fourths of the flow
measured in July, 1927. There are no records on which to base an estimate of
the Q50 flow, but it has been assumed as at least 25 per cent greater than the
Q90 flow.

The records of stream flow available are not sufficient to permit an estimate
of the potential power for 90 per cent of the time with storage, but the amount
of storage available would not afford much increase in the power. Part of this
stored waler would be required to bring the minimum flow up to the Q90 flow.
A plant of this kind with some storage and high head should be valuable in any
system to carry the peak load.
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Potential power at site I2ND 24
[Gross head without storage, 1,450 feet; gross head with storage, 1,300 feet]

Flow in second-feet Horsepower

90 per cent | 50 per cent | 90 per cent | 50 per cent
of time of time of time of time

Natural flow e 100 sl PR 1300

s Without storage; water diverted at higher altitude than proposed reservoir.
b With storage.

HARVEY CREEK POWER SITE (12ND 25)

Water for the Harvey project would be diverted from Separation Creek at an
altitude of 3,550 feet, just below the power house of the Mesa site (12ND 24).
A conduit about 5 miles long down the right bank of Separation Creek would
lead to a power house a third of a mile above Harvey Creek, where a head of
850 feet would be obtained. If an open canal is used for the conduit for this
project it probably will have to be lined for most of its length. The flow for
this site would be slightly greater than that for the Mesa site.

On July 12, 1927, Separation Creek at the mouth of Mesa Creek was flowing
76 second-feet, and Mesa Creek at the mouth was flowing 80 second-feet. The
flow of Honey Creek at the mouth is estimated at 10 second-feet. This gives a
total of 166 second-feet available for diversion in July, 1927. The Q90 flow is
assumed to amount to three-fourths of this quantity, or 125 second-feet. The
Q50 discharge is roughly estimated at 160 second-feet. With a gross head of
850 feet 8,500 horsepower could be developed for 90 per cent of the time and
10,900 horsepower for 50 per cent of the time.

RAINBOW CREEK POWER SITE (12ND 26)

Detailed studies are necessary to determine the most economical method of
developing the Rainbow Creek site. The method proposed would not obtain
all the power available, but by combining all the power in one site it would
provide economical operation. Harvey Creek can easily be diverted into Sepa~
ration Creek above the 2,700-foot contour, the point of diversion for this project.
A conduit would be carried along the right bank of Separation Creek, and
Rainbow Creek and Louisa Creek would be diverted into it, the combined flow
being used at a power house at the mouth of Separation Creek, where a head
of 720 feet would be obtained. It may be found more economical to split this
site into two projects, with one power house between Rainbow and Louisa
Creeks and one at the mouth of Separation Creek. This method would allow
about 50 second-feet more water to be used in the lower project, which would
add about 900 horsepower to the capacity for 90 per cent of the time, but it
would require an extra penstock, power house, and power-house machinery, so
unless the construction of the conduit on the higher ground would prove too
difficult, a single plant will probably be preferred.

In July, 1927, the measured flow of Separation Creek below the mouth of Mesa
Creek amounted to 166 second-feet, Louisa Creek at the 3,100-foot contour
was flowing 23 second-feet, and Rainbow Creek above the falls 25 second-feet;
if the flow of Harvey Creek is estimated at 14 second-feet it gives a total dis-
charge of 228 second-feet. The flow at the mouth of Separation Creek was 308
second-feet, and probably 20 second-feet of this difference enters Separation
Creek above Harvey Creek and below Mesa Creek. This gives a total dis-
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- charge in July, 1927, of 248 second-feet. On the assumption, as for the other
sites, that the Q90 flow equals three-fourths of the flow in July, 1927, it is 186
second-feet. The Q50 flow is estimated at roughly 25 per cent more than the
Q90 flow, or 235 second-feet. This estimate of the Q50 flow is probably low,
but it is conservative. With a gross head of 720 feet, 10,700 horsepower could
be developed for 90 per cent of the time and 13,500 horsepower for 50 per cent
of the time.

The power that could be obtained from water stored above Mesa Creek is
discussed under site 12ND 24. These data are not sufficient to justify an
estimate of the power for 90 per cent of the time with storage.

ELK CREEK POWER SITE (12ND 27)

The Elk Creek project involves a diversion dam on the South Fork of the
McKenzie River just below the mouth of Elk Creek. A conduit about 2%
miles long would lead to the power house at the mouth of the Roaring River,
where, according to the topographic map of the Waldo Lake quadrangle, a head
of 250 feet would be obtained. On July 28, 1927, the flow at the mouth of Elk
Creek was 76 second-feet, and the Q90 discharge is estimated at 70 second-feet
from this measurement and fragmentary records of the flow above the East
Fork in 1926 and 1927. The Q50 discharge is estimated roughly at 105 second-
feet. These estimates may be considerably in error, but they afford some idea
of the power value of this site. With a gross head of 250 feet 1,400 horsepower
could be developed for 90 per cent of the time and 2,100 horsepowerfor 50 per
cent of the time.

AUGUSTA CREEK POWER SITE (12ND 28)

Water for the Augusta Creek project would be diverted from the South Fork
of the McKenzie River at the mouth of the Roaring River, at an altitude of
about 2,550 feet. (See map of the Waldo Lake quadrangle.) A conduit about
6 miles long would lead to the mouth of Augusta Creek, where a head of 430 feet
would be obtained.

On July 23, 1926, the flow of the South Fork below Augusta Creek amounted
to 168 second-feet, of which perhaps 5 second-feet came from Augusta Creek.
On July 28, 1927, the South Fork below Elk Creek was flowing 76 second-feet,
and on July 29 the Roaring River was flowing 126 second-feet, a total of 202
second-feet. The Q90 flow at this site is estimated at 180 second-feet from these
measurements and fragmentary records on the South Fork of the McKenzie
River above the East Fork in 1926 and 1927. The Q50 flow is estimated roughly
at 50 per cent more than the Q90 flow, or 270 second-feet. With a gross head of
430 feet 6,200 horsepower could be developed for 90 per cent of the time and 9,300
horsepower for 50 per cent of the time.

HARDY CREEK POWER SITE (12ND 28)

Water for the Hardy Creek project would be diverted from the South Fork of
the McKenzie River at about mile 17, just below Augusta Creek, and carried
by a conduit to a point above the mouth of Hardy Creek, where a head of 290
feet would be obtained. The water available at this site would be the same as
for the Augusta site (12ND 28), with the addition of that from Augusta Creek,
which is estimated roughly to have a Q90 flow of 5 second-feet and a Q50 flow
of 10 second-feet. The natural Q90 flow of the South Fork at the Hardy Creek
site is thus 185 second-feet, and the Q50 flow 280 second-feet. With a gross
head of 290 feet 4,300 horsepower could be developed for 90 per cent of the time
and 6,500 horsepower for 50 per cent of the time.
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SLIDE CREEK POWER SITE (12ND 30)

Water for the Slide Creek project would be diverted from the South Fork of
the McKenzie River just above the mouth of Hardy Creek, at mile 12%, and
carried by a conduit for 8% miles to a point near the mouth of Slide Creek, where
a head of 220 feet would be obtained. The Q90 flow at this site would be prac-
tically the same as for the Hardy Creek site, or 185 second-feet. The Q50 flow
is estimated at 5 second-feet greater than that for the Hardy Creek site, or 285
second-feet. With a gross head of 220 feet 3,250 horsepower could be developed
for 90 per cent of the time and 5,000 horsepower for 50 per cent of the time.
Perhaps a pressure pipe line near the river would be less expensive than a con-
duit along the 1,820-foot contour as proposed.

EAST FORK POWER SITE (12ND 81)

Water for the East Fork site would be diverted from the South Fork of the
McKenzie River just above the mouth of Slide Creek, at mile 9.1, and carried by a
conduit for nearly 4 miles to a point above the East Fork of the South Fork, where
a head of 265 feet would be obtained. A number of creeks enter between the point
of diversion for this site and the Slide Creek power site (12ND 30), but their flow
is not great. The Q90 flow below the mouth of the East Fork is estimated from"
fragmentary records at 195 second-feet in 1926 and 245 second-feet in 1927, or
a mean of 220 second-feet. The Q90 flow at this site is estimated at 200 second-
feet and the Q5C flow at 300 second-feet. With a head of 265 feet 4,240 horse-
power could be developed for 90 per cent of the time and 6,360 horsepower for
50 per cent of the time.

COUGAR CREEK POWER SITE (12ND 82)

Water for the Cougar Creek site would be diverted from the South Fork of
the McKenzie River just below the mouth of the East Fork and carried by a
conduit to a point opposite the 1,200-foot contour crossing at mile 3, where a
head of 120 feet would be obtained. The flow at this site would be increased by
the flow of the East Fork. In 1926 this amounted to 11 second-feet on June 16,
1.7 second-feet on August 8, and 11 second-feet on September 22. In an average
year the Q90 flow of the East Fork would probably amount to 8 second-feet
and the Q50 flow to 15 second-feet. The natural Q90 flow at this site is 208 sec-
ond-feet and the Q50 flow 315 second-feet. With a head of 120 feet 2,000 horse-
power could be developed for 90 per cent of the time and 3,050 horsepower for
50 per cent of the time.

ROARING RIVER POWER SITE (12ND 83)

The Roaring River supplies nearly 60 per cent of the low-water flow of the
South Fork of the McKenzie River. This stream is shown on the topographic
map of the Waldo Lake quadrangle. On July 29, 1927, a current-meter measure-
ment showed a discharge of 126 second-feet. By diverting the two forks of the
Roaring River at the 3,400-foot contour crossing with about 4 miles of conduit a
head of 850 feet could be obtained. Probably the low-water flow at the proposed
- point of diversion would be almost as great as that at the mouth. The Q90
flow at the mouth is estimated at 115 second-feet, and that at the point of diver-
sion at 100 second-feet. A road is being built up the South Fork of the McKenzie
River, and this project appears to be feasible for the not distant future. The
natural Q90 flow at this site is estimated at 100 second-feet and the Q50 flow
at 150 seeond-feet. With a head of 850 feet 6,800 horsepower could be developed
for 90 per cent of the time and 10,200 horsepower for 50 per cent of the time.
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BLUE RIVER POWER SITE (12ND 34)

The piant at the Blue River site would be built primarily to use the water
stored in the Blue River reservoir. (See p. 106.) The water would be carried
in a penstock about half a mile long to a power house on the McKenzie River,
in the NE. % NE. ¥ sec. 23, T. 16 S., R. 4 E., where a head of 125 to 225 feet
would be obtained. Only the water stored at an altitude of more than 1,300
feet, amounting to 49,000 acre-feet, could be used at this site, and with an aver-
age head of 185 feet it would generate 6,500,000 kilowatt-hours of power. Water
from the plant would be discharged into the conduit of the combination project
12ND 9 at an altitude of 1,175 feet.

It would be possible to use this site to develop power from the natural flow of
the Blue River, but it would not be feasible to build so expensive a project for.
the amount of water available. There are very few data on which to base an
estimate of the Q90 or Q50 flow of the Blue River. On August 14, 1924, the
discharge 1 mile above the mouth was 18 second-feet. On August 8, 1926, the
discharge at a point near the mouth was 16 second-feet, and on June 17, 1926,
it was 50 second-feet. Both 1924 and 1926 were very dry years, and it is assumed
that the Q90 flow is 25 second-feet and the Q50 flow 50 second-feet. With a
head of 200 feet 400 horsepower could be developed for 90 per cent of the time
and 800 horsepower for 50 per cent of the time.

The stored water would be used not to equalize the flow of the Blue River
but in connection with the sites on the McKenzie River. The total amount of
power that could be obtained from the stored water is given in connection with
the Blue River reservoir site. (See p. 106.)

MARKET .

The power developed at present on the McKenzie River is all
used in the city of Eugene. The total resources of the basin without
storage, however, amount to 290,000 horsepower for 90 per cent of
the time and 444,000 horsepower for 50 per cent of the time. This
amount of potential power in a modern interconnected power system,
with steam stand-by plants to carry the load in dry seasons, would
produce nearly 2,000,000,000 kilowatt-hours of usable power. This
is more than twice the total amount of power produced by public-
utility and municipal plants in the State of Oregon in 1927. The
complete development of the resources of the McKenzie River Basin
is a long way in the future if the power is used only to supply the
ordinary lighting and manufacturing load in the vicinity. At
present there seems no inclination on the part, of privately owned
companies to start development on the McKenzie River, and unless
this is done the only market for power is Eugene.

The ordinary growth of the lighting and power load in Eugene
without the introduction of extraordinary development of market for
power may require new plants on the McKenzie River, such as
those considered herein, at intervals of approximately 10 or 15
years. The introduction of new industries, such as the electro-
chemical and electrometallurgical industries, which are large con-
sumers of power, may bring more rapid development of these power
resources.
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Power from this river could be economtically developed and trans-
mitted to Portland, but that market is already well supplied, and
many other supplementary sites are available. The probabilities are
therefore that only a part of the potential power resources of the
McKenzie River will be developed in the near future.



GEOLOGY AND WATER RESOURCES OF THE MIDDLE
DESCHUTES RIVER BASIN, OREGON

By Harorp T. SteArNs

ABSTRACT

The middle Deschutes River Basin lies in Deschutes and Jefferson Counties,
in central Oregon. The principal town in the area is Madras, and the principal
streams are the Deschutes, Crooked, and Metolius Rivers. These rivers occupy
deep canyons in a northward-sloping, elevated lava plain which is bounded on
the west by the Cascade Range and on the east by a low mountain range that has
no general name.

The Trail Crossing basalt, not less than 200 feet thick, is the oldest rock ex-
posed. Above it lies the Clarno (?) formation, of Eocene (?) age, consisting
essentially of fine-grained consolidated yellow, cream-colored, gray, green, and
red tuffs. Some beds are soft; others are massive and resistant. The Clarno (?)
formation has a probable thickness of over 1,000 feet. Dark-colored massive
andesite, usually containing glassy feldspar phenocrysts 2 to 4 millimeters in
diameter, crops out in the southern part of the area. The age of this andesite is
unknown, but it is tentatively correlated with the andesite flows of the Cascade
Range, which are in general Pliocene.

Separated from the andesite and the Clarno (?) by a marked unconformity is
the Deschutes formation, consisting of sand, silt, gravel, and stratified fluviatile
deposits of voleanic detritus, mostly basic, intercalated with and in most places
capped by basalt flows. Several of the cinder cones that were the sources of this
basalt are still preserved. This formation, which is about 1,000 feet thick, con-
tains commercial deposits of diatomite.

Partly filling the Deschutes and Crooked River Canyons cut in the Deschutes
formation is an intracanyon basalt flow which originated south of the area and
which has in places filled these canyons to a depth of 900 feet. A considerable
part of this lava has been removed by erosion, but the remnants form conspicuous
benches along these rivers.

The geology of the upper and lower box canyon dam sites on the Crooked River
is described in detail. The upper site is considered not feasible for a dam, because
of the presence of a cave in one abutment. The Metolius dam site, on the
Deschutes River, is deseribed and also the hydrologic conditions which affect its
success.

The monthly maximum, minimum, and mean discharges of the Deschutes,
Crooked, and Metolius Rivers are given for all gaging stations in the area. The qual-
ity of the surface and ground water of the area is excellent. The rivers are mostly
fed by large springs, many of which lie within the area described. Records of all the
wells and a map showing the contours of the water table are given. All the rocks
older than the Deschutes formation yield water sparingly or not at all, but wells
obtain large yields in the Deschutes formation, especially in the intercalated
basalt flows below the water table. The intracanyon basalt also is very permeable
but usually yields water only near the base.

The springs in the area are too numerous to describe in detail. There are
dozens of them that discharge over 1 cubic foot a second. Opal Springs, the
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largest of all, discharge about 300 cubic feet a second. The spring inflow into
the Crooked River in a stretch of about 19 miles amounts to about 950 cubic feet
a second, or 620 million gallons a day. Likewise, the Deschutes River in travers-
ing the area gains about 400 cubic feet a second of spring water. The total
annual ground-water discharge of this area amounts to about 1,000,000 acre-feet.

The power possibilities and the existing plants on the Deschutes and Crooked
Rivers are described.

INTRODUCTION

Location and extent of area investigated.—The area covered by this
report lies in central Oregon, 96 miles south of The Dalles and 28
miles north of Bend as measured along The Dalles-California High-
way, which crosses the area from north to south. The distances are
only 66 and 18 miles, respectively, by air line. (See fig. 5.) The
area has no natural boundaries but occupies the middle portion of the
drainage basin of the Deschutes River. It is 24 miles long north
and south and 12 miles wide east and west, and thus covers about
288 square miles. It lies midway between the forty-fourth and
forty-fifth parallels and the one hundred and twenty-first and one
hundred and twenty-second meridians, in Deschutes and Jefferson
Counties. The northwest corner is in the Warm Springs Indian
Reservation. It includesTps. 11 to 14 S., Rs. 12 and 13 E. Willamette
meridian. (See pl. 10.) Its altitude ranges from 4,006 feet at
Haystack Butte, on the eastern edge of the area, to 1,470 feet in the
bottom of the Deschutes River Canyon, on the northern edge. The
principal towns in the area from north to south are Madras, Metolius,
Culver, Opal City, and Terrebonne. The Oregon Trunk Railway, run-
ning from Wishram to Bend, crosses the area from north to south.

Purpose of the investigation.—The purpose of the investigation
was to make a geologic examination of dam sites on the Crooked
River from its mouth to Trail Crossing. It was made at the request
of O. C. Merrill, executive secretary of the Federal Power Commis-
sion, and was in part paid for by that commission. A report entitled
“Geologic examination of dam sites on Crooked River” was sub-
mitted in October, 1925, and the present report is a by-product of
that work. The writer spent from August 8 to September 5, 1925,
in the field, and of this time about one week was devoted to a recon-
naissance of the headwaters of the Deschutes River.

The topography shown on Plate 10 was taken from the Bend and
Madras topographic maps of the United States Geological Survey,
which were made after the writer did the geologic mapping. In trans-
ferring the geologic boundaries to the new base a certain amount of
unavoidable error is involved, especially in the altitude of the forma-
tions in the canyons.

Acknowledgments—The writer is greatly indebted to Mr. F. F.
Henshaw, then district engineer, United States Geological Survey,
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and Mr. Ira A. Williams, consulting geologist, Portland, Oreg., for
spending time in the field, imparting freely information they had
gained by years of work in Oregon, and criticizing tbe report. He is
particularly grateful to Mr. S. Murray, assistant chief’engineer of the
Union Pacific System, for permission to publish an abstract of Dr.
A. C. Boyle’s report on the diatomite deposit near Terrebonne.
Acknowledgments are due also to the Columbia Valley Power Co.,
for maps and data on the area; to the Oregon Trunk Railway, for logs
of the railroad wells in the area; to many drillers and residents, who
gave valuable information regarding the underground water; and to
Mr. H. V. Gates, for his cordial hospitality.

PHYSIOGRAPHY

The area is crossed from south to north by the Deschutes River.
The Crooked River enters from the southeast and in the northern
part of the area joins the Deschutes River. Two miles north of the
mouth of the Crooked River, the Metolius River enters the Deschutes
from the west. These rivers occupy canyons in & northward-sloping
elevated lava plain, which is bounded on the west by the foothills of
the Cascade Range and on the east by a low mountain range that has
no general name. Haystack and Juniper Buttes belong to this low
range.

The Deschutes River enters the ares at an altitude of 2,720 feet
above sea level, in a canyon about 100 feet deep and one-eighth mile
wide. The canyon increases in depth toward the north. The river
leaves the area at an altitude of 1,470 feet, where it flows in a canyon
nearly a mile wide and about 850 feet deep. Between these two
points the canyon is usually less than half a mile ‘wide, and at the
mouth of the Metolius it is 1,000 feet deep. The river has an average
fall within the area of 35.2 feet to the mile.

The three waterfalls on the Deschutes River in this area, named in
order downstream, are Odin Falls, Big Falls, and Steelhead Falls.
At Odin Falls, in the SE. }4 sec. 26, T. 14 S., R. 12 E., at an altitude
of 2,675 feet, the water drops from one bed of basalt to another one,
10 feet below. About 8 miles downstream from Odin Falls, in the
SE. 4 NE. % sec. 9, T. 14 8, R. 12 E,, is the graceful Big Falls. (See
pl. 11, A)) It is 30 feet high and is produced by a layer of hard
basalt between softer sedimentary beds. In the SW. % NW. % sec.
27, T.138S., R. 12 E., 4% miles downstream from Big Falls, is Steelhead
Falls. The Deschutes at this place makes a vertical leap of 15 feet
over a bed of basalt interstratified with soft strata of sedimentary
origin.

Numerous narrow valleys separated by flat-topped ridges break the
west rim of the Deschutes Canyon. Most of these valleys, except the
Metolius and Squaw Creek Canyons, are occupied by ephemeral
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streams. The Metolius River is fed by numerous large springs and
flows throughout the year. The only tributary on the east side of the
Deschutes is Crooked River, which above its junction flows nearly
parallel to the Deschutes for about 10 miles. The greater part of the
strip of land between the canyons of these two rivers is known as the
Peninsula. It is a northward-sloping, flat-topped, soil-covered lava
bench bounded by the nearly vertical cliffs of the Deschutes and
Crooked River Canyons. The top of the Peninsula near the north
end lies nearly 1,000 feet above the two rivers. North of the Penin-
sula and at a slightly lower altitude, in the angle between the Des-
chutes and Crooked Rivers, is the Island, a mass of solid basalt 2 miles
long, three-fourths of a mile widc, and about 900 feet thick, separated
from the Peninsula by a low V-shaped pass through which a road
crosses. (See pl. 11, B.)

The physiographic development of the Deschutes Valley has a long
and complicated history, which is described at length on pages 150 to
152. 1t will suffice to note at this place that there is a northward-
sloping lava bench on the east side of the Deschutes Canyon extending
for a distance of about 10 miles north of the point where the river
enters the area, and that remnants of this bench are found to a point
within 4% miles of the mouth of the Crooked River. In the remaining
4% miles there are remnants of a southward-sloping bench that is
much higher above the river.

The altitude of the Crooked River where it enters the area is about
2,750 feet; at Trail Crossing, in the NE. % sec. 33, T.13 S, R. 13 E,,
it is 2,550 feet above sea level. Upstream from Trail Crossing there
is a fairly wide canyon with a narrow flood plain. The south wallis
steep and consists of soft tuff beds surmounted by a rim of basalt
about 40 feet thick. The opposite canyon wall extends to the crest
of a ridge which is about 500 feet above the river. This wall is com-
posed of tilted light-colored tuffs of unequal hardness. Weathering
has caused some of these beds to stand out as spiny, serrated ridges
and pinnacles. Russell® named this part of the canyon “Monument
Canyon,” but his name has not come into common use. The prom-
inent spur in this area around which the river bends is known as
Smith Rock. One mile upstream from Trail Crossing the north side
of the canyon changes from light-colored tuffs and picturesque
erosion forms to a ruddy brown slope covered with rounded knobs.
This abrupt change is due to the cropping out of dense but minutely
fractured ancient weathered basalt.

At Trail Crossing the Crooked River plunges into a narrow lava
canyon. The following quotation from Russell? admirably describes
this interesting crossing:

t Russell, I. C., Preliminary report on the geology and water resources of central Oregon: U. 8. Geol.
Survey Bull. 252, p. 87, 1905.
2 Idem, p. 86.
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Below Forest [now O’Neil] all the way to the Deschutes, a distance of over 30
miles, Crooked River flows in a narrow canyon with essentially, and often actually,
vertical walls, and there is no alluvial land in its bottom. Throughout this
portion of the river there is but one place where a team and wagon or even a pack
train can be taken across it, namely, at Trail Crossing, about 18 miles below
Prineville and 7 miles below Forest. Toward this locality Indian trails formerly
converged on each side of the river; later frontiersmen, with their saddle ponies
and pack horses, sought the same breaks in the canyon walls; and within the past
few years a road has been graded on the declivities of the opposite facing preci-
pices and a good bridge thrown across the river. Trail Crossing is thus an
instructive locality in reference to the control exerted by geographic conditions
on the affairs of men. The canyon, too, is of great geologic interest and on
account of its wildness and picturesqueness will no doubt, in the future, attract
to its secluded depths many curious travelers.

Trail Crossing was abandoned in 1926 because of its dangerous
grades, and now the highest single-arch highway bridge in the United
States, 350 feet above the stream and 330 feet long, spans the canyon,
half a mile downstream from Trail Crossing. The canyon at this
place is shown in Plate 12, A.

Below Trail Crossing the Crooked River Canyon increases in depth
until at the mouth of the river it is more than 1,000 feet deep. The
canyon is more remarkable, however, for the presence in places of an
inner gorge. At the confluence of the Crooked and Deschutes Rivers
the altitude is 1,614 feet above sea level. Thus the Crooked River
falls 837 feet between Trail Crossing and its mouth, having an average
gradient of nearly 40 feet to the mile. No falls occur in this stretch,
although there are many rapids. The outer canyon ranges in width
from half a mile to a little over a mile. The inner canyon is not
present everywhere, but in long stretches of the river there is a
northward-sloping lava bench, first on one side of the stream and
then on the other, which has the same altitude as the rim of the inner
canyon. In places this bench is over half a mile wide and carries
sufficient soil to be farmed. It is 250 feet above the river at Trail
Crossing, where it first appears, and its height increases downstream
to 800 feet at the mouth of the river.

A remnant of the same bench forms the Island, and many portlons
of it are still preserved in the Deschutes Valley, the northernmost one
occurring half a mile north of the area here mapped. Small remnants
of this same bench are found also in the Deschutes Canyon for a dis-
tance of 4% miles upstream from the mouth of the Crooked River
(pl. 11, B), and two small remnants occur in Metolius Canyon. It is
significant that the remnants of the bench along the Deschutes up-
stream from the mouth of the Crooked River slope southward, whereas
those along the Crooked River slope northward. Likewise, those in
the Metolius Canyon slope westward, whereas the remnants in the
Deschutes Canyon downstream from the Crooked River slope north-
ward. The significance of these differences is discussed on pages
145-148.
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Squaw Creek and the Metolius River are the two remaining peren-
nial tributaries of the Deschutes River in this area. Squaw Creek
enters the area in sec. 18, T. 13 S., R. 12 E., and after flowing 2 miles
northeastward joins the Deschutes in sec. 7. It rises at the foot of
the glaciers on the east slope of the Cascade Range and, where it enters
the area, occupies a canyon about 500 feet deep and a mile wide.

The Metolius River enters the area at an altitude of 1,625 feet and
after flowing nearly 3} miles joins the Deschutes at 1,555 feet. It
occupies a canyon 1 to 1% miles wide and about 1,000 feet deep. Like
many parts of the Deschutes Canyon, the walls show a ‘‘grained”
effect as a result of the erosion of hard and soft horizontal sedimentary
beds. This canyon, like the others already described, is not visible
from a point 1 mile from the rim.

Two miles northeast of the confluence of the Metolius and Deschutes
Rivers, Round Butte rises from the canyon rim. Viewed from the
south it is seen to be a dome 4 miles wide rising from the plain with
slopes of about 5° and surmounted by a conical hill 350 feet high.
(See pL. 13, B.) The top of the butte is about 700 feet above the
adjacent plain. Viewed from either the east or west, however, it is
found to be crowned by two conical hills, the northern hill being less
conspicuous than the southern hill. On the north and east sides of
Round Butte are Willow and Dry Creek Canyons, both 200 feet deep
and occupied by ephemeral streams.

Another conspicuous feature on the Deschutes plain in this area
consists of the Tetherow Buttes, in T. 14 S., R. 13 E. 'These buttes
have a northwest trend and rise about 300 feet above the adjacent
plain. Half a mile east of them, in secs. 21 and 28, is an abandoned
canyon 2 miles long and in one place 200 feet deep, which is now
farmed. About 2 miles northwest of Terrebonne rim rock outlines
another abandoned canyon tributary to the Crooked River, but this
is much less distinct than the one east of the Tetherow Buttes.
Smaller abandoned canyons southwest ¢f the Tetherow Buttes are
also indicative of a disturbed drainags.

The dry canyon half a mile east of Ietherow Buttes is an
abandoned spring alcove similar to those along the Snake River in
Idaho described by Russell.? Some of the canyons near by also appear
to be spring alcoves modified by later lava flows. These abandoned
alcoves suggest that the springs now entering Deschutes and Crooked
Rivers once may have discharged farther upstream. The writer has
found evidence in the study of the spring alcoves along the Snake
River to indicate that the size of the alcove reflects the volume of
the water and the geologic age of the spring. As the large springs
along the Deschutes and Crooked Rivers discharge from basalt

3 Russell, I. C., Geology and water resources of the Snake River plains of Idaho: U. 8. Geol. Survey Bull.
199, pp. 127-129, 1902,
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similar to that along the Snake River, and as they do not have alcoves,
it follows that the positions of their vents are geologically recent.
This deduction is further borne out by the place in geologic history
of the rocks from which most of them issue.

GEOLOGY
PREVIOUS GEOLOGIC WORK

Very little geologic work had been done in this area prior to the
present investigation. In 1903 I. C. Russell made a hurried recon-
naissance through central Oregon. On this trip he traveled down
the Crooked River as far as Opal Springs and visited the Deschutes
Canyon south of Squaw Creek. His admirable description of this
part of the area appears in Bulletin 252 of the United States Geological
Survey.

In 1921 A. C. Boyle, jr., made a geologic report to the Union Pacific
Railroad Co. on the diatomite deposit near Terrebonne. An abstract
of this report is given on pages 152-155.

In 1924 Tra A. Williams examined several dam sites below the
confluence of the Metolius and Deschutes Rivers for the Columbia
Valley Power Co., and he has imparted freely to the writer geologic
information regarding the area.

STRATIGRAPHY
GENERAL CHARACTER AND AGE OF THE ROCKS

The middle Deschutes River Basin contains both sedimentary and
igneous rocks. The sedimentary rocks are composed chiefly of vol-
canic materials, and no sediments older than Eocene are known in the
area. The igneous rocks comprise lava flows, cinder cones, and
fragmental volcanic deposits. Beeause the chief problems of under-
ground water and possible leakage through and around proposed dams
rest with the igneous rocks attention was centered on their structure
and character.

A tabular summary of the general stratigraphy of the basin is
given below and is followed by a detailed description of the rock units
and a further discussion of their age. The general absence of fossils
in the area makes the lithologic descriptions essential for the recogni-
tion of the formations in the field, and it is upon the lithologic char-
acteristics that the interpretations regarding stratigraphy and
structure here given depend.
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TRAIL CROSSING BASALT (EOCENE ?)

The oldest rocks that crop out in the area are weathered, minutely
fractured basalt. They are exposed on both banks of the Crooked
River at Trail Crossing and extend northeastward across the Hay-
stack Butte country in a belt about 1 mile wide. Rocky ledges are
absent, except in the river canyon. Elsewhere the basalt is traced by
a dark-brown residual soil containing chips of weathered basalt. The
boundary of this basalt is shown in most places on Plate 10 by a
broken line, because time was not available to trace out carefully its
contacts. Russell,* in his reconnaissance report on this area, refers
to an outerop of a great basic dike 1,000 feet wide at this place. A
careful search was made for this dike, but it was not found. Instead,
tilted basalt exhibiting typical columnar structure such as character-
izes extrusive and not intrusive basalt was found exposed for a mile
upstream. Some of the columns on the south side of the Crooked
River in the Trail Crossing dugway are 2 feet in diameter. The
basalt lacks the tight and regular jointing so characteristic of intru-
sive basalt. The tuff resting on it shows no sign of metamorphism
at the few contacts observed, such as would be expected from a body
of lava of this size, but time was not available to study the contacts
in the hills north of Smith Rock. Consequently, the question whether
the basalt is a sill or an extrusive mass will be left to the future investi-
gator.

The tilted basalt in this canyon is exposed for more than 5,000 feet
along the Crocked River. At Trail Crossing it is separated by an
angular unconformity from overlying fresh black basalt flows.

Except near Trail Crossing it was difficult to determine strikes and
dips with certainty because of poor exposures. At this place the
basalt strikes N. 43° W. and dips 22° SW. and has an exposed thick-
ness of over 200 feet. Between this basalt and the fresh black basalt
in the canyon rim in the NW. ¥ sec. 3, T. 14 S, R. 13 E., several feet
of thin-bedded greenish-yellow tuff is exposed, which strikes N. 68° W.
and dips 20° SW. There is a marked angular unconformity between
the tuff and the overlying black basalt, but the tuff appears to be
nearly conformable with the underlying weathered basalt.

The tuff beds resting on the Trail Crossing basalt lithologically
resemble the Clarno formation. Because the main purpose of the field
work did not involve the basalt nor the overlying tuffs the stratigraphic
details of these formations were not worked out. A reconnaissance
of the area north and east of Trail Crossing suggests that this basalt
may be intercalated with the Clarno and that some of the tuff near
Haystack Butte is stratigraphically below the basalt. In any event
this basalt is below the great mass of tuffs described in the following

4 Russell, 1. C., op. cit. (Bull. 252), p. 88.
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pages as Clarno (?) formation; hence the basalt is believed to be as
old as Eocene.

CLARNO (?) FORMATION (EOCENE ?)

Resting upon the Trail Crossing basalt and so far as observed
nearly conformable with it is a great series of soft but consolidated
* light-colored tuff beds. Although no fossils were found in these beds,
a visit to the type localities of several Tertiary formations in the John
Day Basin convinced the writer that these beds are lithologically
similar to the Clarno. As a whole these beds contain less coarse
pyroclastic material than at the type locality. Calkins® describes
the Clarno formation in the John Day region as follows:

Lithologically, the Clarno is a voleanic formation, in which truly detrital
matter plays an unimportant part. The lower portion of the Clarno is composed
in greater part of pyroclastic material, while in the upper half lavas including
several different varieties are abundant.

Among these lavas Calkins describes a quartz basalt and Collier®
shows a basalt sill in the Clarno.

The tuffs mapped as Clarno (?) formation in this report are esti-
mated to be at least 1,000 feet thick. They are well exposed in both
thin and thick beds in the region of Smith Rock, in the Crooked River
Canyon above Trail Crossing. They also form Haystack and Juniper
Buttes and occupy most of the adjacent country. The area covered
by them is shown on Plate 10. This area, wherever traversed, was
searched for fossils, but none were found. However, the mountainous
area north of Smith Rock, where the beds are well exposed, is worthy
of a careful examination. Two outliers of the beds were found in sec.
11, T. 128, R. 13 E.

Two specimens from this formation were examined under the
microscope by C. S. Ross, of the United States Geological Survey,
who describes them both as volcanic tuffs. Specimen B-10 is com-
posed chiefly of pumice fragments. The pumice is partly silicified,
and small veinlets of quartz cut the feldspar phenocrysts.

On the east side of Lone Pine Valley, 12 miles due east of Trail
Crossing, there are exposed some white tuff beds overlain by basalt.?
Although no fossils were found here, it appears very likely that these
white tuffs belong to the John Day formation and that the overlying
basalt is of Miocene age, as determined by Merriam.® Again, half
a mile north of the area mapped basalt lithologically similar to that

5 Calkins, F. C., A contribution to the petrography of the John Day Basin: California Univ. Dept. Geol-
ogy Bull,, vol. 3, p. 113, 1902.

6 Collier, A. J., The geology and mineral resources of the John Day region: Mineral resources of Oregon,
vol. 1, No. 8, fig. 1, Oregon Bur. Mines and Geology, 1914.

7 The writer is indebted to F. F. Henshaw for showing him this locality.

& Merriam, J, C., and Sinclair, William, Tertiary faunas of the John Day region: Califorria Univ,
Dept. Geology Bull., vol. 5, pp. 303-305, 1907.
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at Pine Valley crops out in the Deschutes Canyon. These basalts
are traceable into known Columbia River basalt in the lower part of
the Deschutes Valley. Through the personal guidance of Mr. Williams
the writer saw the contact of this basalt with underlying white tuffs
of the John Day formation at Mecca, about 10 miles north of the
area shown on Plate 10. From the hurried visit to these two localities
it seems that the John Day formation and the basalt at Mecca were
once connected with outcrops on the east side of Lone Pine Valley
and have since been removed by erosion from the top of the great
anticlinal fold, with the subsequent exposure of the Clarno (?) tuffs
in the Smith Rock and Haystack Butte region.

ANDESITE (MIOCENE? OR PLIOCENE?)

In the southern part of the area occur masses of andesite which
have been uncovered by erosion. The age of the andesite is unknown,
but it is separated from the overlying horizontal sedimentary beds
by a steep erosional unconformity. The proximity of these andesite
masses to the great andesitic volcanoes of the Cas¢ade Range suggests
that they originated in that range. They are correlated tentatively
with the older andesitic lava flows of the Cascades, which are usually
agsigned to the Pliocene. One large mass of andesite covering about
3 square miles occurs along the line between Tps. 13 and 14 S, R. 12 E.
Three other areas of it were mapped in the southwestern part of T.
14 S, R. 13 E. One small outlier in sec. 15, T. 13 S, R. 12 E., on
the Peninsula, consists of only a few large weathered blocks, which
appear to be in place. An excellent contact of the andesite with the
overlying sediments is found along the Deschutes River in sec. 4, T.
14 S, R. 12 E. At this place blocks of andesite are distributed
through the overlying beds of tuff and pumice close to the contact
in such a way as to show that they accumulated as successive talus
heaps during intermittent ash showers. At other places the contact
is not conspicuous. The andesite is black in fresh specimens, but
in the field it forms weathered brown knobs a few feet high. All the
andesite examined in hand specimens is porphyritic, containing
phenocrysts of glassy yellow feldspar 2 to 4 millimeters in diameter
embedded in a black matrix. Specimen B-7, collected in the N. %
sec. 7, T. 15 8., R. 13 E., was examined under the microscope by
C. S. Ross, who describes it as follows: Porphyritic andesite with
phenocrysts of plagioclase and augite. The groundmass consists of
very fine-grained feldspar laths in a glassy matrix.

DESCHUTES FORMATION (LATE TERTIARY OR EARLY PLEISTOCENE)

Character and occurrence.—Resting unconformably upon all the
rocks previously described is a remarkable series of horizontally
bedded, partly consolidated sand, silt, gravel, and stratified fluviatile
deposits of volcanic materials, with volcanic débris, mostly basic,
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resulting from ash showers of volcanoes. These beds make up
the Deschutes formation. (See pl. 13, A.) Intercalated with them
and in most places capping them are basalt flows and in a few places
diatomite deposits.

At the contact of the Deschutes beds with the andesite in the
Deschutes River Canyon in sec. 4, T. 14 S., R. 12 E., is field evidence
that some of the horizontal and evenly bedded ash and pumice mem-
bers of this, formation were deposited subaerially. Within a few
feet of the andesite the lamination and bedding loses its distinctness,
and the beds end abruptly in wedge-shaped masses filled with
andesite talus. (See fig. 6.) Without this striking contact it
would be natural to think that all the evenly laminated volcanic
beds of the Deschutes formation were subaqueous.

Jashil

RN ':Volcanic

FIGURE 6.—Subaerial depositional contact of ash and pumice of the Deschutes formatxon
with andesite in see. 4, T. 14 S., R. 12 E., Oregon

The Deschutes formation, as these interbedded sediments and
basalt flows are here designated, is known to be present over nearly
250 square miles of the area mapped, and it has been traced many miles
in all directions from this area. (See pl. 10.) It is estimated that
when fully mapped it will cover at least 1,000 square miles. It has
an exposed thickness of more than 1,000 feet in the Deschutes
Canyon. The uppermost basalt flows of the formation are for con-
venience designated rim-rock basalt, because they form the rim of
the Deschutes and other canyons, and for the lowest intercalated
basalt member Ira A. Williams has suggested the name Pelton basalt.

The Deschutes formation was first described by Russell,® who
suggested the name Deschutes sand for it. Because it contains lava

% Russell, I. C., op. ci#., p. 90.
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beds, diatomite, and many other deposits, the name Deschutes
formation was given to it by Williams ° in 1924.

An aneroid measurement of the Deschutes formation was made
along the foot trail descending to the Metolius dam site on the east
side of the Deschutes Canyon. The section at this place is as follows:

Section of east wall of Deschutes Canyon in sec. 22, T. 11 S., R. 12 E.

Feot
Yellow loess 801l o e e 0.5
Deschutes formation:
Basalt flow (rim-roek basalt). . 10
Two basalt flows (rim-rock basalt), total thickness_________________ 15
Voleanic agglomerate, containing mostly basic ejectamenta with some
lenses of gravel . _ e 55
Bed of columnar-jointed basalt_ .. 40
Two basalt flows, total thickness__. . _____ . __________________ 55
Volcanic agglomerate, containing mostly basic ejectamenta in form
of dense explosion bloeks_ __ __ . . 55
Basalt flow_ - e 10
Volcanic agglomerate, containing basic ejectamenta cemented in ash 15
Basalt flow__ e 15

Basic voleanic agglomerate of explosive voleanic débris, containing an
intercalated bed of basalt a short distance north of this section____ 290

Basalt flow_ - _ e 20

Basic, massive voleanic agglomerate_.._____ e 215

Basalt flows, number indeterminable (Pelton basalt member) .__.._ 150+
945+

The following section measured by aneroid on the east wall of the
Crooked River Canyon, 3% miles south of the section given above,
shows how variable the beds are in the Deschutes formation:

Section. of Deschutes formation in east wall of Crooked River Canyon in sec. 11,
T.12 8., R. 12 E.

Feet

Massive columnar-jointed basalt flow (rim-rock basalt) ________________._. 30

. Basalt flow (rim-rock basalt) .. _ . __ .. 15
Thick and thin beds of water-laid black and yellow sand, pumice, tuff, and

coarse gravel . . e 700

Bedded basalt flows, number undetermined (Pelton basalt member)_.____ 130

875

The following section is incomplete for the exposed part of the
Deschutes formation on the east wall of the Crooked River Canyon
but is complete from the top of the bench near Opal Springs to the
river. Above this section 325 feet of the Deschutes formation crops
out.

1 williams, I. A., Geology of the Pelton dam site, Oregon, unpublished report in the files of the Federal
Power Commission.
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Section of Deschutes formation from altitude of 2,375 feet to Crooked River in sec. 83,
T.128, R. 12 E.

Feot
Stratified sand and tuff . ___ el 30
Aa basalt, porous and brecciated . ____ 50
Red tuff, fine grained.__ e 20
Fine-grained tuff and agglomerate_____________________________________ 115
Coarse eonglomerate._____ ___ e 20
Pahoehoe basalt flow. . - el 25
Soil, probably 10888 - - - - e 4
Basalt flow__ e deeao 36
Stratified sand and tuff, with thick bed of coarse conglomerate at base__.____ 125

425

In the Deschutes Canyon the beds are even more complex in
places. (See pl. 13, A4.) It is known that some of the interstratified
basalt flows were erupted in the basin, because buried cinder cones
have been penetrated by the drill. In well 5 (pl. 10), in the NE. %
sec. 2, T. 12 8., R. 13 E., 84 feet of red basaltic cinders was struck
below 221 feet of conglomerate. Deposits of cinders such as were
struck in this well are indicative of a cinder cone near by. Some of
the other wells in the basin also encountered cinders.

Pelton basalt member.—The lowest interstratified basalt in the
Deschutes formation is exposed in the Deschutes Canyon from the
line between Tps. 12 and 13 S., R. 12 E,, all the way to the north
boundary of the area. It was not traced beyond this point but is
known to continue for several miles downstream. In the northern
part of T. 11 S., R. 12 E., this basalt forms a bench nearly a quarter
of a mile wide on both sides of the Deschutes River. It also extends
northward and underlies the former railroad station of Pelton. Be-
cause of the importance of this bed as a water bearer and its critical
relation to the dam sites in the region, it has been named, for conven-
ience, the Pelton!! basalt member, after the old railroad station. It
has a known thickness of over 150 feet and is traceable up the Crooked
River nearly 4 miles from its mouth. It also extends up the Metolius
River for at least 2 miles and then passes under the sedimentary beds
of the Deschutes formation, Undoubtedly it is the most extensive
and the thickest of all the interstratified basalt members of the
Deschutes formation. The Pelton basalt usually consists of several
beds that were laid down in rapid succession, and it is not unlikely
that they were all poured out during a single eruption. Mr. Williams
has kindly furnished the following microscopic description and
analysis of a sample of the Pelton basalt taken from a hill on the west
side of the Deschutes Canyon at the Pelton dam site, 3 miles north
of the area mapped.

1 This name has been hitherto used in private reports by Ira A. Williams,
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Microscopic description: Diabasie, micropoikilitic, and vesicular in texture.
Pore space amounts to about 10 to 15 per cent. Feldspar laths 2 millimeters in
length, and some olivine the same size. The amount of glass is small and filled
with magnetite.

Percentage composition: Labradorite, 65; augite, 15; olivine, 15; magnetite, 3;
glass, 2.

Rim-rock basali—The Deschutes sedimentary beds are capped in
about one-half of the middle Deschutes River Basin by beds of basalt.
In the rest of the area this basalt cover has been removed by erosion.
It is very prominent because it forms the rim rock to the canyons and
underlies at shallow depths much of the agricultural area. Its thick-
ness varies according to the distance from its source, and most, if not
all, of its sources are still visible as cones on the plain. This upper
member of the Deschutes formation also forms a wide plateau, known
as Agency Plains, extending northward from the area mapped and
from the Metolius River. Because this basalt is conspicuous as the
protective, resistant rock of the region it is here referred to as the
rim-rock basalt, a term in common use among the local people.
The distribution of this basalt and the cones from which most of
it issued is shown on Plate 10. Fourteen well-preserved cones were
found in the area, but they were not the source of all of this upper
member of the Deschutes formation, for basalt flows entered the area
from the west, overlapping and interfingering with the flows from these
cones. The largest vent in the area is Round Butte, which is a double
cinder cone surmounting a low lava dome. (See pl. 13, B.) Con-
siderable lava issued from this vent before activity ceased, but most of
it has since been removed by erosion. The effect of a semiarid climate
on erosion is clearly exemplified by this butte. Its form is perfectly
preserved, and its surface has been scarcely rilled by water. The
cinders of which it is composed are weathered at the surface but are
fresh at shallow depths. Sufficient wind-blown dusthas been deposited
on its lower slopes to make agriculture feasible, but otherwise its
form is the same as it was eons ago. 'This is due largely to its extreme
permeability. Its lava flows were spread out evenly upon the plain,
and if it were not for the great canyon carved through them no one
would suspect that the cone had long been silent. However, not only
has a 1,000-foot canyon been carved since it was in eruption but also
a second canyon nearly as deep in the intracanyon basalt.

From points on the rim of the Deschutes Canyon is seen a striking
contrast between the canyon, representing immense lapses of time,
and the perfect cone with the seemingly short interval of time since
its last eruption—a view which gives a geologist a deep impression of
the work of a swift river in a desert tand. (See pl. 13, B.)

An inconspicuous symmetrical round cinder cone about 40 feet
high occurs in sec. 3, T. 13 S., R. 12 E. Its weathered cinder surface
is covered entirely by grain fields. In the heaps of stone cleared from
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this land are numerous large cindery masses and a great number of
round breadcrust bombs. Dozens of spiral or twisted bombs ai
lie on the surface of the cone. The flows from this cone spread dut
in all directions. In the NE. % sec. 11 of the same township there is
a lava knoll about 40 feet high that may be another vent. It has a
cone shape, but no cinders were found on it. It was not mapped as
a cone because of insufficient evidence.

Two other low cinder cones are present in secs. 18 and 20, T. 13 8.,
R. 13 E. They are very inconspicuous, but numerous cinders are
scattered on their surface in the loess cover. One of these cones gave
vent to an aa flow which is seen in a railroad cut in sec. 13, T. 13 8.,
R. 12 E., where it is overlain by 3 to 5 feet of soil and caliche. The
vesicles of the lava are filled with a transparent white mineral that was
not determined.

In the northeast corner of sec. 31, T. 13 S., R. 13 E., there is a cinder
cone whose structure is excellently exposed in the adjacent railroad cut.
In this excavation there are beds of black and red cinders as fresh
as those formed on Kilauea Volcano, Hawaii, in historic time. They
are overlain by a little wind-blown sand and caliche.

The Tetherow Buttes, in T. 14 S., R. 13 K., are three cinder cones
in a line running northwest and southeast. They rise nearly 200 feet
above the plain, and their slopes are cut in places by erosion. A fine
exposure of cinders occurs in a pit on the slope of the southern one
from which road material is being removed. The three cones &re
connected by a deposit of cinders, and it is believed that they were
all in eruption at the same time. Doubtless a considerable portion of
the rim-rock basalt flowed from these vents.

In a line with the Tetherow Buttes and about 5 miles northwest
of them on the Peninsula is a group of cones. The northerp one is
about 75 feet high; the others are not over 25 feet high. The
lava from these vents flowed northwestward down a gentle slope, in-
dicating that the Deschutes had begun its work of erosion. The
rim rock basalt on the opposite canyon rim did not come from these
vents but from others southwest of the area mapped.

An inspection of Plate 10 shows a northwest-southeast alignment
of the cones. They were certainly formed by eruptions along a
fissure, and their direction may indicate buried fault lines in the
Deschutes Valley. The fact that the alignment is almost parallel
with the axis of the valley suggests that northwest-southeast faults
may have played an important part in the formation of this valley.

Age and correlation—The Deschutes formation was carefully
searched for fossils, but none were found, except the minute oﬁe-
celled siliceous algae skeletons that make up the diatomite deposiIr:s.
Mr. Charles Heim, of Terrebonne, informed the writer that an In-
dian who worked for him but who was away at the time had found

3030°—31—10
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fossil shells in the vicinity of Steelhead Falls. He kindly sent one
of his other men with the writer to search for the fossil bed, but it
was not found. The age of the beds therefore remains unknown.
In the John Day region, where the stratigraphy has been carefully
worked out, there exists a formation, very similar in structure and
lithology to the Deschutes formation, known as the Rattlesnake
formation. The following short description of the Rattlesnake
formation, by Calkins,'? shows this similarity:

This lies in almost horizontal attitude upon the tilted and truncated Mascall
beds in the elongated area mentioned above. Doctor Merriam named this
formation and considered it of Pliocene age. It appears to be of fluviatile origin
in large part and comprises a large amount of coarse gravel and sandstone,
together with fine material that may be tuffaceous. Somewhere in the middle
of the section there occurs a widely spread sheet of light-colored pumiceous
tuff, overlain by a glassy gray rhyolite.

If the Deschutes formation is the correlative of the Rattlesnake
it is Pliocene. However, Williams** found unconformably above
the Columbia River basalt in the Columbia River gorge a similar
series of sedimentary beds which have been correlated with the Sat-
sop formation of the Pacific coast of Washington. Dr. R. W. Chaney
identified from these beds numerous fossil plants tentatively referred
to the Pleistocene, and the Satsop formation as recognized in the
Cascade Range has been assigned to that epoch. Mr. Williams, who
is very familiar with the middle Deschutes Basin, believes that the
Deschutes formation may possibly be a correlative of the Satsop
because of its lithologic resemblance to the Satsop and because it
rests unconformably on the Columbia River basalt. However, in
the Columbia River gorge the beds called Satsop are overlain in
places by andesite flows, whereas in the middle Deschutes River
Basin the Deschutes formation everywhere rests upon andesite;
hence the Deschutes formation may be younger than the Satsop.
Andesite flows were erupted in the Cascade Range over a long in-
terval of time; hence the andesite that overlies the beds identified
as Satsop in the Columbia River gorge may be much younger than
the andesite in the middle Deschutes Basin. In the northern part
of the Deschutes Valley, near Maupin, the Deschutes formation
certainly occupies the same position in relation to the Columbia
River basalt as the beds identified as Satsop formation * occupy in

12 Calkins, F. C., op. cit., p. 114.

13 Williams, I. A.., The Columbia River gorge: Oregon Bur. Mines and Geology Bull., vol. 2, No. 3 (re-
vised reprint), p. 128, May, 1923.

14 A recentarticle by J. P. Buwalda and B. N. Moore (Science, new ser., vol. 66, p. 236, Sept. 9, 1927)
states that they have obtained from the Dalles formation of the Columbia River gorge fragmentary mam-
malian fossil remains of upper Miocene or lower Pliocene age, and that inasmuch as they have found that
the so-called Satsop formation in the eastern part of this gorge underlies the Dalles formation it can not be
correlated with the typical fossiliferous marine Pleistocene Satsop formation of the Washington coast.
They have therefore renamed the gorge deposit Hood River formation and assigned it to the upper Mio-
cene or lower Pliocene,
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the Columbia River gorge. It would be unwarranted to assign the
age of the Deschutes formation by means of such long-range correla-
tion; hence it is tentatively classified as late Tertiary or early Pleisto-
cene. It is possible that fluviatile deposition continued from Terti-
ary into Pleistocene time in the Deschutes Basin without cessation
and that the Deschutes formation represents deposits during both
Rattlesnake and Satsop epochs.

LATE PLEISTOCENE OR RECENT BASALT (INTRACANYON BASALT)

After the excavation of canyons 200 to 1,000 feet deep in the Des-
chutes formation many basaltic lava flows were poured out in the
vicinity of Bend, some of which spread northward and entered the
canyons of the middle Deschutes Basin. Because all of this basic
lava occupies ancient or existing canyons in the middle Deschutes
Basin it is for convenience here referred to as the intracanyon basalt.
South of this area it will probably be found on the surface and be
conformable in places with the rim-rock basalt. This intracanyon
lava ranges from 100 to about 800 feet in total thickness, in places
consisting of only one thick bed and in others of a number of beds.
Nearly all of it came from the same source at the same general time.
It is separated from the underlying formations everywhere in the
middle Deschutes Basin by a sharp, steep erosional unconformity.
(See pl. 12, B.) A specimen of the intracanyon basalt, collected by
Ira A. Williams on the east side of the Deschutes Canyon 1 mile
upstream from the Metolius dam site, was examined by the writer.
It has a blue-gray color and resembles a diabase in appearance.
Small pale-yellow crystals of olivine and minute crystals of feldspar
are determinable under the hand lens. The specimen abounds in
tiny irregular-shaped cavities as well as spherical vesicles 1 millimeter
or more in diameter. Under the microscope labradorite, olivine,
augite, and magnetite are readily distinguished. The augite and
olivine appear in about the same amounts, and numerous well-formed
magnetite crystals are present as inclusions. The augite and olivine
in the specimen examined do not exceed 0.2 millimeter in diameter,
and the feldspar rarely exceeds 0.5 millimeter in length. Transparent
glass may be present in exceedingly small amounts.

The intracanyon basalt along the Crooked River is a remarkable
flow. It wasnot traced to its source, hence its total length is unknown.
However, the numerous exposures of this lava in the Crooked River
Canyon throw considerable light on its history. Above Trail Crossing
it has a thickness of 10 to 50 feet wherever exposed. It is believed
to be considerably thicker than this, for the Crooked River was
pushed northward by the lava flow, and its ancient buried channel
lies about half a mile south of the present river. A mile downstream
from Trail Crossing, near the railroad bridge, the river has not yet
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exposed the underlying Deschutes formation—a fact indicating that
the lava exceeds 350 feet in thickness. (See pl. 12, A.) The present
river at this place lies above its buried channel. In the south wall of
the canyon near the bridge some remarkable fan jointing similar to
that described by Judd® is exposed. The upper 25 feet consists of
imperfect columnar-jointed basalt crossed by parallel horizontal
joints that make blocks about 1 cubic foot in volume. This material
changes downward abruptly into about 100 feet of finely jointed
basalt. The joints in this mass are tight and divide the lava into
long, slender blocks a few inches in diameter. In several places these
slender blocks are arranged like the ribs of a fan 30 feet long radiating
downward from points 25 feet below the surface of the flow. There
are several such fans side by side which spread out in arcs of about 45°.
The upper joint structure indicates that the top 25 feet cooled by
fairly rapid radiation through vertical shrinkage cracks. The fan
jointing seems to indicate that below this upper 25 feet cooling pro-
gressed downward in all directions from certain definite points.
These points were probably determined by large deep cracks in the
surface of the flow. Below the massive bed, with slender jointing,
where no definite pattern exists, except for the few fans near its top,
there are three beds with regular columnar jointing. All these
patterns are apparently developed in one thick flow.

From the south boundary of the area mapped to the railroad bridge
the intracanyon basalt has a width of a mile or more, apparently
obliterating an open canyon. Below the bridge the flow narrows to a
width generally not exceeding half a mile, as a result of being confined
in a narrow, deep canyon. About 1% miles downstream from the
bridge, in sec. 31, T. 13 S, R. 13 E., the entire south wall of the canyon
is made up of the Deschutes formation, except for a narrow tongue of
basalt that occupies what appears to have been an ancient gulch
tributary to the Crooked River. Along the south line of this section
the intracanyon flow of the Crooked River merges without a per-
ceptible break into the intracanyon lava in the Deschutes Valley to
the south. It appears that at this place the Deschutes flow was
concurrent with the Crooked River flow and that it spilled over the
rim of the Crooked River Canyon and united with the intracanyon
basalt of the Crooked River. The relative age of the two great flows
can not be determined definitely until they have been traced south-
ward to their sources.

Because lava is considerably more viscous than water, the surface
of the flow does not retain the gradient of the prelava valley bottom,
but the flow thickens downstream. Thus at the Cove power plant
the top of the flow is 2,380 feet above sea level, and it is 580 feet thick.

16 Judd, J. W., Voleanoes, p. 106, New York, D. Appleton & Co., 1881.
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At the railroad bridge 16 miles upstream it has an altitude of 2,800
feet and is about 400 feet thick. For the intervening distance of
16 miles it has a gradient of 26 feet to the mile, whereas the gradient
of the valley bottom is about 38 feet to the mile. All long lava flows
are thicker toward their terminations, because lava becomes cooler
and hence more sluggish as it flows. :

The general character of the Crooked River flow changes consider-
ably from place to place. Near Opal Springs four distant layers of
jointed basalt occur, some vertically and others irregularly jointed.
(See pl. 14, A)

Where it entered the Deschutes Canyon the Crooked River flow
made an immense triangular fill occupying the combined width of
Deschutes and Crooked Canyons. The flow did not stop here, how-
ever, but continued on down the Deschutes for many miles. The
farthest known remnant of this flow downstream is 125 feet thick and
lies in Deschutes Canyon, 8 miles below the mouth of the Crooked
River. However, this remnant is only a small piece of the flow and
does not represent the total thickness, hence it is not unlikely that
the flow continued at least another 10 miles down the canyon. A
small remnant of the flow was found over 2 miles up the Metolius
Canyon, showing that the Crooked River intracanyon lava not
only flowed many miles down the Deschutes Canyon but also
flowed up the Metolius Canyon. Thick remnants of intracanyon

- basalt that slope southward, or upstream, occur in the Deschutes
Canyon for a distance of 4% miles above the mouth of the Crooked
River. These remnants are parts of the Crooked River flow that
flowed up the Deschutes Canyon. Such a statement sounds para-
doxical, for it has just been said that lava is less fluid than water.
The feat was accomplished, nevertheless, by an accumulation of lava
sufficiently thick at the confluence of the two rivers to cause a down
grade for the lava in the direction from which the Deschutes River
had previously been flowing. These lava masses at the confluence
of the Deschutes and Crooked Rivers and of the Metolius and Des-
chutes Rivers acted as immense dams that temporarily ponded these
rivers. Evidence of this ponding is shown by the alluvial deposits
20 feet thick on top of the intracanyon remnants in the Deschutes
Canyon east of Grandview. One of these lava remnants is shown
in Plate 11, B.

The question immediately arises how such a flow with a known
length of 36 miles and a probable length of 50 miles could keep hot
enough to flow such a distance. This question would be difficult to
answer from observations in the Crooked River Canyon, for the
structure of the flow throws little light on the subject. However, as
pointed out above, the jointing and bedding vary from outcrop to
outcrop. On the west wall of the Deschutes Canyon in sec. 15,
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T. 11 S, R. 12 E., the intracanyon basalt consists of 23 distinct
layers. Such variations in structure indicate that the flow at no time
or place was a great moving river of lava several hundred feet thick.
The distribution of lava to such distances as are indicated by the
length of this flow is accomplished by means of a great subway system
of tubes connecting the source with the end of the flow. The tubes
or tunnels through which the lava moves are formed within the flow
itself by the ciusting over of a lava river. Once they are formed
the lava is able to travel long distances underground without any
great loss of heat, for radiation through the crust of a lava flow is
veryslow. This method of distribution has been frequently witnessed.
Thus during the great eruption of Mauna Loa, Hawaii, that lasted
for nine months in 1880-81 lava flowed about 30 miles underground
and at the margin of the advancing flow was still very fluid. Further-
more, people walked on the crust of the flow near the vent and saw
through cracks the molten lava flowing in great subterranean channels.
The occurrence of numerous caverns in every great basaltic lava field
is proof that this is the usual method of flow of lava of such types.

A great intracanyon fill similar in most respects to the Crooked
River intracanyon basalt was formed in historic time in Iceland.
In June, 1783, Skaptdr Jokull poured out immense volumes of lava
that exceeded in volume any other eruption of historic time. Ac-
cording to Henderson,'® the lava descended Skapta Valley for a distance
of 50 miles, making a lava fill in places 600 feet deep. It also sent a
tongue down the valley of the Hverfisfliot for 40 miles, and yet after
the eruption ceased the river again returned to its valley. The
Skapt4 Valley was filled in about a month, although the vent was in
eruption for several months before it ceased flooding the surrounding
country with lava. It must have been a similar eruption that sert
the immense flow down the Crooked River Canyon.

A prehistoric intracanyon flow of andesite over 15 miles long in the
Tieton and Naches Valleys, Wash., has been described by Smith."”
Intracanyon lava flows are not uncommon in the western part of the
United States, but few of them were formed during a single great
eruption such as the one in the Crooked River Canyon.

In several places in the Deschutes and Crooked River Canyons,
especially near Cove Crossing, erosion has left the intracanyon
basalt as wedge-shaped segments high on the canyon walls. The
open and slaggy contacts of the basalt with the Deschutes sediments
serve as drains for ground water seeping out of the sediments at the
contact and for surface water running off the canyon wall. In places
where\conditions have been favorable these wedge-shaped masses of

g

16 Henderson, E., Iceland, p. 229, Edinburgh, 1819.
17 8mith, G. 0., U, 8. Geol. Survey Geol. Atlas, Ellensburg folio (No. 86), 1903.
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the basalt have been detached along the contact by this process and
have slid into the bottom of the canyon.

The intracanyon basalt flow in the Deschutes Canyon is not as
well exposed as the Crooked River flow, but it plays an important
part in the routes of underground water and in the displacement of
streams. It enters the area in three distinct divisions occupying the
same number of ancient valleys, indicating that the whole region
not far upstream was deluged with a great flood of lava that drained
northward through these three valleys. Insec.31,T.148S.,R. 13 K.,
the lava flowed south up a valley and not north down the valley, as
one would naturally suppose. Plate 10 does not clearly show this
condition. One mile north of the point where they enter the area
the three intracanyon flows unite as two flows, each over a mile wide.
Separating the two flows at this place is a narrow outlier of rim-rock
basalt 2 miles long that formed a flat-topped ridge between two ancient
valleys. Farther north the two flows unite into one flow 2 miles wide.
Still farther north, in sec. 12, T. 14 S., R. 12 E., the flow again separates
into three streams. One small stream flowed north to the Crooked
River; another stream terminated 3% miles to the north against the
rim-rock basalt of the Peninsula, and a third stream flowed down
the valley of the Deschutes. Near Lower Bridge this third stream
of lava flowed 2 miles up an unnamed canyon. In secs. 29 and 30,
T. 14 S., R. 12 E., there is a short intracanyon flow that came from
two small vents in the same sections. "This flow has no connection
with any of the other intracanyon lava. One of the vents is a driblet
cone in the NW. ¥ sec. 29, the other a lava cone in the SW. ¥ sec. 30.

The Deschutes intracanyon lava obliterates an intricate drainage
pattern. As the field work was largely centered on the Crooked River
the details of the drainage disturbances on the Deschutes were not
worked out. It appears, however, that the Deschutes River is entirely
displaced from its former channel from the point where it enters the
area to the line between Tps. 13 and 14 S., R. 12 E., where it again
enters its prelava channel. The position of the buried portion of the
old channel is not definitely known. The erosion remnants of rim-rock
basalt with their cliff walls and the great stretch of intracanyon
basalt suggest that the Deschutes formerly flowed due north for
7% miles after it entered this area and then flowed northwest. If
the Deschutes did not follow such a course it is certain that some
tributary did. This buried channel has an important bearing on
ground water and is believed to cause the numerous springs that
enter the west side of the Crooked River in sec. 14, T. 13 S, R. 12 E.
The presence of two other partly filled valleys west of Tetherow
Bridge points to the former existence of two other streams. Whether
these valleys were occupied by tributaries to the Deschutes is not
known. In order to determine this question the geologic mapping
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will have to be carried a considerable distance south of T. 14 S. Tt is
possible that the valleys were both formed by the Deschutes River
and that flows of basalt have occurred at this place on different occa-
sions separated by long intervals of time during which the Deschutes
excavated new canyons.

The remnants of basalt in the Deschutes Canyon indicate that the
last flow went within 4% miles of the mouth of the Crooked River.
These remnants do not exceed 100 feet in thickness and lie low on the
canyon wall. If this flow occurred simultaneously with the one in
the Crooked River Canyon, the two flows must have met in the vicin-
ity of the confluence of the two rivers. Itis believed that this occurred,
but that the lava flowing down the Deschutes was much less in
volume and probably reached the confluence in the later phases of
the eruption, owing to its pooling in the area north of Tetherow
Bridge. In any event, it was so overwhelmed by the great Crooked
River lava flood that all traces of it below sec. 29, T. 12 S,,R. 12 E.,
are gone.

The age of the intracanyon basalt is unknown, but from its strati-
graphic position it is thought to be late Pleistocene or Recent. It
is little weathered, and all the original surface features of the flows
are preserved, except the thin glassy crust a fraction of an inch thick,
which has flaked off and lies in the depressions on the surface. The
immense canyons cut into it ¢ive an impression of great antiquity,
yet the jointed and fractured lava yields readily to the swift rivers of
the region. The great postglacial canyon of the Niagara River is
mute evidence of the gigantic erosive power of a river during the time
that has elapsed since the end of the Pleistocene epoch. Dry River,®
a wide, dry canyon, dozens of miles long, that enters the Crooked
Canyon a few miles upstream from this area, may have contributed
immense volumes of water to the Crooked River during the final
stages of glacial time and aided considerably in the task of excavating
a canyon in the intracanyon basalt.

RECENT ALLUVIUM

Recent alluvium occupies too small an area to be shown on Plate 10.
The largest deposit found covers only a few square yards at the top
of the highway grade, 1% miles east of Grandview post office. At
this place there is a bed of coarse gravel 20 feet thick on the intra-
canyon basalt. The gravel has been exposed by an artificial cut
made to obtain material for road building. A similar bed also appears
to cap the remnant of intracanyon basalt on the east wall of the
Deschutes Canyon. It was deposited at this level by the Deschutes
River soon after the canyon was filled with the intracanyon basalt.
Another deposit of fine débris is associated with the intracanyon basalt

8 Russel, 1. C., op. cit., p. 76.
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at Trail Crossing. A few alluvial deposits occur elsewhere in the ares,
as, for instance, thin gravel layers covering a few square feet or pockets
of fluviatile white pumice on the surface of the benches formed of
intracanyon basalt.

LOESS

Fine yellow loess covers most of the rim-rock basalt and in places
is 3 feet thick. It is composed chiefly of fine volcanic ash that has
drifted eastward during volcanic eruptions in the Cascade Range.

STRUCTURE

The structure of the area is relatively simple. The Trail Crossing.
basalt and the Clarno (?) formation have been folded into a broad
anticline. The axis trends northeast and the beds dip away from
it at angles of 5° to 30°. Near Trail Crossing the anticline plunges
southwest and passes under later rocks.

The relation of the andesite to the Clarno (?) beds is unknown, but
it is believed to be separated from them by an erosional as well as a
deformational unconformity.

The Deschutes formation in contact with the andesite is well
exposed in sec. 4, T. 14 S, R. 12 E. At this contact the sedimentary
beds of the Deschutes rest unconformably on the andesite. Else-
where the contact is not exposed, but it is believed that the Deschutes
formation is later than the andesite and everywhere rests unconform-
ably upon it. A few miles upstream from the area mapped the Des-
chutes formation rests unconformably upon the Trail Crossing basalt
and Clarno (?) beds, indicating that the andesite does not completely
underlie the middle Deschutes Basin. The andesite appears to have
flowed into the basin along ancient valleys and is in the form of long
tongues. The volcanic origin of much of the Deschutes formation
suggests that the andesite may not have been long separated in time
fromit. The thick Pelton basalt member at the base of the Deschutes
formation, though very different physically from the andesite, is
chemically very much like it, and hence there may not have been a
long interval between the two kinds of lavas. The volcanoes of the
Cascade Range may have poured out andesite about the same time
basalt was issuing from vents in the Deschutes plain.

Considerable time intervened between the deposition of the Des-
chutes formation and the intracanyon basalt flows, for they are every-
where separated by a steep erosional unconformity. The Deschutes
" formation is horizontal or inclined at angles of less than 5° wherever
exposed. There are no signs of folding or faulting, but the whole
formation was probably uplifted, because the long cycle of deposition
gave way to one of rapid erosion.
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GEOLOGIC HISTORY

The geologic history of the area began with the downwarping of
the Trail Crossing basalt and the Clarno (?) tufls, accompanied perhaps
by faulting. This movement aided by erosion formed a broad basin
more than 1,000 feet deep, bordered on the east by the upturned beds
of the Clarno (?) formation and on the west by the volcanoes of the
Cascade Range. These voleanoes must have been active soon after
the basin was formed, for they poured andesitic lava into it.

The next event chronicled by the rocks of the area is the flooding of
the basin by basalt flows, which accumulated to a thickness of at

Jeast 150 feet. Where this lava came from is unknown, but it prob-
ably issued from cones along some buried fissure in the Deschutes
Valley. Soon after or perhaps during this period of volcanism the
ancestral Deschutes and Crooked Rivers, together with lesser streams,
began depositing silt, sand, and gravel in the depression. The
occurrence of cross-bedding indicates that the streams were wide and
braided, like the Platte River of to-day. Frequently the ash or
pumice from adjacent volcanoes fell in the basin. These ash deposits
also blanketed the surrounding hills, with the result that erosion was
increased and streams tributary to the basin brought in large amounts
of volcanic detritus. The horizontal beds of pumice, 10 to 15 feet
thick, exposed continuously for several miles in the canyon walls of
the Crooked and Deschutes Rivers, testify to the violence of some of
the explosions.

During the accumulation of this débris basaltic lava was occasion-
ally extruded from cones and fissures and spread out on the floor of
the basin in thin sheets covering many square miles. Often several
volcanic outbreaks occurred in rapid succession, so that the lava
accumulated to a thickness of 75 to 150 feet before fluviatile materials
were deposited on it. The fact that these flows are basic and that
practically all the pumice is more acidic in composition signifies that
there were concurrent eruptions of basic lava in the valley and of
andesitic pumice somewhere in the adjacent area. It is safe to as-
sume that the pumice corresponds to the explosive decadence of the
Cascade voleanoes in Pleistocene time.

The stratigraphic record also shows that ocecasionally sufficient
time elapsed between eruptions for several hundred feet of sediments
to be deposited. Beds of diatomaceous earth seen here and there in
the Deschutes formation and particularly prominent at Lower Bridge
(across the Deschutes) indicate that shallow spring-fed lakes were
at times formed by damming of the drainage by lava. Diatoms
will form pure deposits only in clear water where the tributaries do
not bring in sand, silt, and other foreign substances.” Such con-
ditions exist only where the lake is supplied by springs on the bot-
tom or along the shores. Spring-fed lakes are not uncommon in the
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lava fields of Oregon, and the permeable basalt flows in the Deschutes
formation may have formed many such lakes. Diatomite deposits
of good commercial quality are known only in the upper part of the
Deschutes formation, suggesting that in the earlier stages of Deschutes
deposition local spring-fed ponds were not able to exist for any con-
siderable period of time but were either filled with volcanic sedi-
ment or drained by erosion.

The closing phase of the Deschutes formation was another period
of volcanic activity during which numerous basic flows of the rim-
rock basalt welled out from cones and fissures in the basin, spread-
ing out in thin sheets of great extent that completely covered the
Deschutes sedimentary beds. The cones and chains of cones mark-
ing the site of the fissures from which the rim-rock basalt issued
are shown on Plate 10.

After the rim-rock flows were extruded, deposition ceased in the
basin and a new cycle of erosion began. As the beds of the Des-
chutes formation are everywhere horizontal, the new cycle of erosion
must have been initiated without local disturbance. The field work
did not extend over a large enough area to determine whether this
cycle was due to regional uplift or to the filling of the basin so that
the rivers found an outlet. As soon as the rivers had sawed through
the rim-rock basalt the rate of erosion was doubtless accelerated
because of the softness of the sedimentary beds in the Deschutes
formation. However, temporary checks in the rate of erosion oc-
curred wherever the rivers reached interstratified beds of basalt.
Falls often resulted, and the arrested streams slowly cut these falls
back and then renewed their work in the soft sediments. Big
Falls and Steelhead Falls on the Deschutes River and many rapids
on the Crooked River are caused by the water tumbling from hard
beds of lava to underlying soft sediments.

At the junction of the Deschutes and Crooked Rivers a canyon
1,000 feet deep had been excavated before this erosion cycle was in-
terrupted by volcanic eruptions that occurred several miles south of
this region. A flow of lava spilled into the canyon of the Deschutes
River near Tetherow Bridge and partly filled the canyon for many
miles downstream. The river was forced to change its course in
many places. The several abandoned channels near Tetherow
Bridge may mean that this order of events was repeated at intervals
or else that there were several tributary canyons at this place which
were all filled at the same time. The details of these accidents to
the Deschutes can be worked out only by investigating the area south
of the middle Deschutes Basin. However, these interruptions were
small and insignificant compared with the great change wrought by
a flood of lava spilling into the canyon of the Crooked River near
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Smith Rock. This lava flowed downstream, filling every nook in the
canyon and in a few places flowing up tributary valleys. The lava
continued to pour into the canyon until near Smith Rock it obliter-
ated all signs of the former canyon and spread out in the form of a
plain. At the junction of the Deschutes and Crooked Rivers it made
an immense fill and flowed up the Deschutes Canyon for several
miles. The lava also flowed downstream from this point for more
than 8 miles before it stopped. This intracanyon lava fill initiated
another cycle of erosion, and the rivers began to excavate new
canyons. The Deschutes and Metolius Rivers were temporarily
dammed by the Crooked River intracanyon basalt, but doubtless it
was not long before they overflowed their dams and began the long
task of sawing through 700 feet of lava. The rivers have now
practically completed this task and in most places are again cutting
into the underlying members of the Deschutes formation.

DIATOMITE DEPOSITS

Sufficient time was not available to investigate the diatomite
deposits of the region. A deposit of apparently commercial quality
occurs in the Deschutes formation in the east wall of the Crooked
River Canyon in sec. 27, T. 12 8., R. 12 E., above the intracanyon
basalt. It has a heavy overburden, including the rim-rock basalt,
hence it will be necessary to work it by tunneling. Other diatomite
deposits are reported to exist in the area, but they were not visited.
The only diatomite deposit that is being quarried is in sec. 16, T. 14 S.,
R. 12 E., about 6 miles by road west of Terrebonne. (See pl. 10.)
The following description of this deposit is abstracted from a report
to the chief engineer of the Union Pacific system by Dr. A. C. Boyle,
jr., dated December 30, 1921. It is published here for the first time
by permission of the author and Mr. S. Murray, assistant chief
engineer of the Union Pacific system.

The diatomite deposit near Terrebonne is owned by the Western Diatomite
Co. The area underlain by the deposit is shown in Figure 7. It has a maximum
thickness of about 40 feet and is covered in nearly all places by tuff and sand
of the Deschutes formation. It thins out slightly, however, toward the south-
west corner of see. 16. In some places the overburden reaches a maximum thick-
ness of 12 feet, but in others it is thin, and burrowing animals have brought the
diatomite to the surface from their shallow holes. An examination of the over-
burden shows that it averages somewhat less than 11 feet in thickness. 1In one
area the diatomite is overlain by basalt. In order to explore the deposit the
Western Diatomite Co. has sunk numerous test pits, the location of which is
shown in Figure 7 and their logs in Plate 15.

The deposit of diatomite is tabular in form, and its nearly uniform thickness
shows that it was probably laid down in a broad lake of unknown dimensions.
The bed has been cut through by the Deschutes River, for it crops out on both
canyon walls. In a few places small channels in the deposit indicate that the
bed was also eroded before its burial by later sediments. One of these channels
is about 10 feet wide and 3 feet deep. The slope of the cross-bedded débris in
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FI1GURE 7.—Map of diatomite deposits of Western Diatomite Co., near Terrebonne, Oreg., showing
location of test pits. Numbers of pits are the same as those used in Plate 15
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this channel suggests that the stream flowed from the southwest. The number
of these channels is unknown, but they are believed to be few. Wherever they
oceur they represent, bulk for bulk, the amount of fossil earth which can not be
counted upon in the final computations of quantity.

The deposit is characterized by bands from a few inches to several feet in width.
The banding is due to slight variations in the composition of the fossil earth,
principally in the content of iron oxide. Although the diatomite has a low
specific gravity it is fairly compact and easily supports the weight of a steam
shovel.

The stratum of highest grade, known at the quarry as No. 6, is characterized
by the absence of bedding planes and by good conchoidal fracture. It is ex-
tremely soft, very white, and massive and is easily distinguished from every
other member of the deposit by the peculiar piteh of sound produced when a
sharp-pointed stick is thrust into it. This stratum is found in most of the pits
and varies only slightly from 6 feet in thickness. It is made up of practically *
one species of diatoms and is almost free from injurious impurities.

Vertical fissures, in places curved, break up the mass and are probably due to
shrinkage. Water percolating through these fissures has deposited foreign sub-
stances, chiefly iron oxide, along their faces. The fissures aid considerably in
the mining operations.

The overburden is stripped with a steam shovel, and the diatomaceous earth
is then quarried and placed in racks or on a platform for air drying. It is then
transported to the mill on the property, where it receives a preliminary crushing.
The finished product is loaded in 60-pound sacks to trucks that deliver it to the
warehouse at Terrebonne, the nearest rail point.

No accurate survey of the area underlain by diatomaceous earth has been
made, but by pacing about 265 acres in this unit of the area filed upon by the
Western Diatomite Co. was found to be underlain with the fossil earth. The
area east of Buckhorn Canyon probably includes 40 acres. This land is under-
lain by the same bed as that on the west bank of the ecanyon, but it is not in-
cluded in the 265 acres of the main deposit. The company reports also about 40
acres of marketable product in the W. % SW. % sec. 9. This area also was
omitted from the computation. If these areas are ever mined, they will greatly
augment the supply.

For convenience of computation the area of 265 acres is taken as the basis and
is believed to be everywhere underlain by 36 feet of fossil earth, so that the
deposit contains 415,562,400 cubic feet, or 15,391,200 cubic yards, of diatomite.
Of this amount it is conservative to estimate that about 9,000,000 cubic yards,
or 60 per cent of the deposit, will be ultimately shipped. The other 40 per cent
covers the loss by water, thinning of the deposit, and other causes. On the
assumption that an average railroad car will carry 153 cubic yards, it would
require 60,000 cars to transport the amount of diatomite available in this one
unit.

Diatomaceous earth is composed of the residuary remains or hard parts of
diatoms, one of the group of aquatic plants called algae, which occur almost
universally in all waters from the Arctic to the Torrid Zone, fresh or salt, still or
running, hot or cold, and shallow or deep. ‘The diatom ornaments its shell with
fine lines, somewhat over 125,000 to the inch. The fineness in texture of the
diatomaceous earth can be appreciated when it is stated that in 1 cubic inch of a
Bohemian sample 40,000,000,000 individuals (Gallionella distans) find an abun-
dance of room. Diatoms multiply with amazing rapidity, a single individual
producing 9,000,000 descendants in a period of four weeks.” The diatoms of
this deposit appear to have lived in a spring-fed fresh-water lake, probably caused
by lava damming a watercourse during the deposition of the Deschutes formation.
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The siliceous shells of these plants accumulated in the bottom of the lake. The
chemical purity of the fossil earth varies according to the amount of silt, clay,
ash, and other foreign substances deposited simultaneously with the siliceous
casings.

The following table of analyses is given in the hope that it may be useful for
comparisons. Analyses 11 to 13 represent diatomite from this deposit.

Analyses of diatomaceous earth

1 2 3 4 5 6 7 8 9 10 11 12 13
86.89 | 86. 90 86.26 | 83.51
232 4.09 3.221 L.28
128 1.26 .54} 128
.43 .14 .05] 1.06
Trace.| .51 Trace.| .91
1.26
. 2.832| 118 ————
65.13| 9.54( 48| 699 494 515
....... 100.40 | 99.13 | 99.39 |100.07 | 99.83 | 99.09 | 99.54 | 99.50 |.._--_.| 99.96 [100.00 {..._.

1. Soft shale, Harris, Santa Bartara County, Calif. W. T, Schaller, analyst, 1907.
2. Porcelain diatomaceous shale, Point Sal, Santa Barbara County, Galif, Falrbanks H. W., California
Umv Dept. Geology Bull,, vol. J,p 12, 1896,
Soft shale, Orcutt, Santa Barbara County Calif. W. T. Schaller, analyst, 1907
4. Monterey, Montereg7 9?C,Jount,‘;r, Calif, Lawson,A C.,and Posada, J. C., California Univ. Dept. Geol-

ogy Bull, vol 1 Ig
. Foss: ev. California State Min. Bur. Bull. 38, p. 289, 1906.
La.ke Umbagog, N.H. Merrill, G, P,, U, 8. Nat. Mus. Rept for 1899, p. 220, 1901,
7. Norris County, N. J. Idem.
8. Popes Creek, Md. Ildem.
9. Hanover, Germany California State Min. Bur. Bull. 38, p. 289, 1906.

10, Dmtomxte, Richmond, Va. U. 8. Geol. Survey Bull. 483 p. 27 1911, J. M, Cabel, analyst.

11, Standard filtration diatomite. Terrebonne, Oreg. Unpui)lxshed analysis by Dr. L.V V. Hampton,
Portland, Oreg., Feb. 4, 1920,

N12 S]{)1&1]1?)(1{1%!;9 No. 10, Terrebonne, Oreg. Gascoyne & Co., analysts, Dec. 14, 1920, for Pomery & Fischer,
8w X Or. 1LY,

Ylakblatomlte No. 6, Terrebonne, Oreg. Anierican Sugar Refining Co., analyst, 117 Wall Street, New
or. Y

It is evident from these analyses that Nos. 2, 4, 5, 11, 12, and 13 are products
which are in commercial demand.

Diatomaceous earth has a great many uses. In general its uses are closely
associated with its physical, chemical, and mineralogical properties, all of which
combine to influence the market for the produect. It is used as a cleanser and
polisher, as a nonconductor of heat, as a pipe covering for heating apparatus,
in filtration, and in a multitude of other ways. The two largest uses at the
present time are heat insulation and filtration, both of which depend more upon

the physical than the chemical composition of the material.

GEOLOGY OF DAM SITES
UPPER BOX CANYON DAM SITE

The upper box caryon dam site is near the south line of sec. 28,
T.12 8, R. 12 E. A rock-fill dam, 100 feet high, has been proposed
for this site. The topography of the dam site is shown on Plate 16,
and the location is shown on Plate 10. Both the intracanyon basalt
and sedimentary beds of the Deschutes formation are exposed at the
dam site, and the areal distribution of these rocks is shown on Plate 16.
The proposed dam would tie into only the intracanyon basalt cliffs
that form the walls of the canyon. Plate 14, B, is a view of the
canyon at the dam site. The intracanyon basalt is about 450 feet
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thick here and comprises several beds, which were probably all derived
from the same source and laid down in rapid succession, for sufficient
time did not elapse to allow any accumulation of soil on one bed hefore
the next was poured out. The basalt is massive and fairly dense, and
in cooling it contracted into columnar blocks, some of which now
form the talus slopes in the canyon near the dam site. Plate 14, A,
illustrates the jointed basalt flows that form the west wall of the
canyon at the site. The joints are open in the canyon walls but are
probably considerably tighter a few feet back.

The geologic cross section of the Crooked River Canyon at the
dam site given on Plate 16 shows the relation of the intracanyon
basalt to the Deschutes formation in the prelava canyon of the
Crooked River. Because of the sluggishness of the lava near the
edge of the flow during the period of accumulation it sometimes
failed to freeze tightly against the wall of the canyon. As a result
cavernous openings exist at the contact of the intracanyon basalt
with the buried canyon wall. Plate 17, A, is a view of 2 bat cave
about 105 feet above the river at the dam site, where the intracanyon
basalt fails to fit closely to the ancient canyon wall. The cave is
partly filled with bat guano, and in places the roof is 12 feet above
the guano. The cave follows the contact downward toward the river, -
but because of the steepness of the contact slope it was not explored
to the bottom. At a contact between two beds of lava 35 feet above
the river there are holes 1 foot in diameter which appear to open into
the cave. The original contact of the basalt with the Deschutes
formation was probably fairly tight but was later enlarged by perco-
lation from the river during the early stages of cutting, when the
river was flowing near the top of the intracanyon basalt.

A dam tied only to the basalt cliffs would fail to impound water,
because of leakage through this cave around the east abutment. In
order to make a dam hold water at this site it would be necessary
either to fill the cave with concrete or to lay a concrete cut-off wall
from the dam to the Deschutes formation at the contact. The cost
of such a wall would probably make the proposed dam at this site
impracticable.

LOWER BOX CANYON DAM SITE

The lower box canyon dam site is three-quarters of a mile north
(downstream) from the upper site. It is shown only approximately
on Plate 10, because the height and type of the dam at this site will
determine its exact location. The water surface at the site is 1,920
feet above sea level and 49 feet below Opal Springs. The geology
of this dam site is practically the same as that of the upper site, for
‘intracanyon basalt occurs on both abutments and back of it lies the
Deschutes formation. The geologic section is so nearly like that of
the upper site that Plate 16 suffices to illustrate both of them.
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The success of a dam at this place will depend chiefly upon three
factors—a satisfactory foundation must be found for the dam; a
reasonably tight contact must be found between the intracanyon
basalt and the Deschutes formation; and the height of the dam must
not greatly exceed 155 feet above the river, or 2,075 feet above sea
level. Test holes should be drilled at the site to determine how far
below the river bed the Pelton basalt lies. If a reasonable thickness
of Deschutes sediments is found above the Pelton basalt under the
river, then it will be safe to assume that the Pelton lavas will not
cause appreciable seepage under the dam. The tightness of the
contact of the Deschutes formation with the intracanyon basalt in the
abutments can be determined by drilling holes through the basalt to
the contact. If after testing the holes under pressure the leakage is
found not to be great the contact can doubtless be grouted success-
fully. Water impounded by a dam at this site would flood the bat
cave at the upper site, but the water entering the cave would be
returned to the river above the dam because a gap exists between the
intracanyon basalt of the east abutment of the upper site and the
intracanyon basalt of the east abutment of the lower site. If a dam
at the lower site were constructed much more than 155 feet above
the river the water impounded by it would flood the bed of inter-
stratified basalt in the east wall of the canyon, 105 feet above the
river at Opal Springs.

The contact of this bed of lava with the underlying sediments is
slagey and cavernous. The fact that water can find its way along the
contact with ease is demonstrated by a group of springs that discharge
from it. (See fig. 8.) A slight head of water on this bed of lava
would cause leakage around the dam, for the same bed crops out
below the lower dam site.

The success of a dam at the lower site depends also upon the origin
of Opal Springs. A test hole should be drilled close to the springs to
determine whether they rise from the Pelton basalt or some other inter-
stratified lava bed in the Deschutes formation below the river. Fur-
ther information regarding these springs and their relation to the pro-
posed reservoir created by a dam at this site is given on pages 202-203.
If Opal Springs have their source in the interstratified bed of basalt,
105 feet above them, then the construction of a 155-foot dam at the
lower site would not cause a reversal of the hydraulic gradient of the
springs, and hence the reservoir would not be endangered by leakage.

METOLIUS DAM SITE

The proposed Metolius dam site is near the line between secs.
15 and 22, T. 11 8., R. 12 E., on the Deschutes River. (See pl. 10.)
The water surface at this site is 1,527 feet above sea level. A 300-foot

3030°—31——11
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dam would back water up the Metolius, Deschutes, and Crooked
Rivers for several miles. The river at the site is flowing in a narrow
V-shaped gorge nearly 1,000 feet deep, cut in the Deschutes forma-
tion. The geologic section of the east wall of the site is given on
page 138. The west wall is very similar except for a thin wedgelike
remnant of intracanyon basalt that consists of 23 fissured flows
apparently laid down in rapid succession.

The river at the dam site is flowing on the Pelton basalt, which is
the lowest interstratified basalt member exposed in the Deschutes
formation. The Pelton basalt on the east abutment is exposed

., D \ \ ‘. ’ R & . 1 - - 3 p :
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F1GURE 8.—Qeologic sketch of Crooked River Canyon near Opal Springs. Qb, Basalt flows (intracan-
yon basalt); Tdrb, basalt flows (rim-rock basalt) overlying Suviatile deposits; Tdb, basalt flows in-
terstratified with Auviatile deposits; Td, partly consolidated sand, silt, gravel, tuff, and beds of
diatomaceous earth constituting fiuviatile deposits

above the river for 150 feet and comprises several fissured and jointed
flows. Resting on it is a bed of volcanic agglomerate 215 feet thick,
which because of its impermeability and its height above the river is
not involved in the problem of leakage of the proposed reservoir.
The Pelton basalt, which would form the lower 150 feet of the abut-
ments of a dam at this site, crops out continuously up the Metolius
River for nearly 4 miles above its mouth, also for about 9 miles up the
Deschutes and about 4 miles up the Crooked River. The areal dis-
tribution of this lava bed is shown on Plate 10. The extensive
exposures of the Pelton basalt indicate that it was spread in successive
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sheets of wide extent in the broad flat valley of the ancestral Des-
chutes River.

From the Pelton basalt emerge practically all the springs in both
the Deschutes and Crooked River Canyons in the middle Deschutes
Basin. The total discharge of the springs that issue from it is several
hundred second-feet. About half a mile above the mouth of the
Metolius River, on the west bank of the Deschutes, there is a line of
springs extending nearly three-quarters of a mile. The total dis-
charge is hard to estimate but is probably 80 to 100 second-feet. The
view of these springs shown in Plate 17, B, gives a conception of
their number.

The reservoir created by a dam at the Metolius site would inun-
date the Pelton basalt for many miles, and the impounding of the
water would doubtless cause leakage in some amount around a dam
at this site. The exact amount of the leakage, which will increase
with the height of the dam, can not be forecast without further
drilling or other underground exploration. A thorough drilling
program should be carried out to determine the extent of the Pelton
basalt at the dam site, and tunnels into the basalt would give addi-
tional information regarding its structure. It is understood that all
of this investigatory work is included in the proposed program of
the company holding the license for the site. This work should be
carried on, as it has been in the past, under the supervision of a
geologist, and further detailed geologic work should be done at the
reservoir site. A power dam at this site has the advantage that it
will not have to hold over storage, and any additional underground
storage may to some extent offset leakage. A reservoir at this site
can stand considerable leakage provided it is made a part of a
hydroelectric system with other dams downstream, for the seepage
will be returned to the river below the dam and will benefit lower
power plants during low-water periods.

CLIMATE

Precipitation—Only one precipitation station is maintained within
the area. It is at an altitude of about 2,300 feet at Madras, in the
northeastern part of the plain. Most of the precipitation falls during
the winter in the form of snow. In the following table, which has
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been compiled from United States Weather Bureau reports, the
snowfall has been converted to the equivalent in inches of rain:

Monthly, annual, and mean precipitation in inches, at Madras, Oreg., 1909-1926

Year Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept.| Oct. | Nov. | Dec. r?ulzla-l
1.2010.32{ Tr.|0.47]90.46]0.30| Tr. | 203]0.55} 217 2.40|.__.._.
- - ceea| W05 Tr. 62| .81{3.10| .73 | ....o

09 || 0.02]| .90 3| .0010.17] 202 | _____ R N ) 3 S
.88 76 .80 174 78 .75 64 34! .20 62 1.30 11.26
.38 25| .71 L35 1.27| .15 00 |- 21 69| 1.24 | ____.
L7510, R UGN FURPIPIION FIVIPIN PIPIUUN FPUUUPIE, SSOIR NP
L0 1| W70 .. PR JEE UG PRI B,

04| .58| .63| .03 74 1.15( 1.41 | 1.29 {______
1.25 40| .54 174 92 00 15 .00| .36 274 .71 | 10.06
68 1.00| .18 421 1.69 00 63| .08} ,9811.43| 164 895
.88 .12|1.01|1.06| .58 |1.44| 04| .75{ 1.51 21| .88 9.48
.42 .56 .02] .03 .15 .01] .19 .21 119 L12)1.29! 5.43
W65 .77 1.07] 2,89 15| .02 .27| .99 .08)1.08| .30 893
1.380§ .11| .70 13| Tr. | 1.32| .02 371308 .77 9.13
681 .45] .48|1.00| .66 25| .81 .70 .68| 1.53( 1.10| 8.87

@ Record from April, 1911, to May, 1916, inclusive, for Metolius, about 3 miles sonthwest from Madras.

The precipitation over the rest of the plain is About the same as at
Madras, although it increases slightly toward the south. The annual
precipitation at Bend, which lies 12 miles due south of this area, at an
altitude of 3,629 feet, is given in the following table for comparison:

Annual precipitation in inches, at Bend, Oreg., 1902—1926

[From United States Weather Bureau reports]

1902 . 10.90 [ 1914 ____________ 8121922 __ .. . ____ 16. 41
1903 e 13.37 | 1915___ _______._ 11.75 | 1923 __.__ 15. 66
1904 . 17.10 | 1917 _ __________. 8.80 | 1924 ___________ 9. 39
1906 . ... 10.42 1 1918 . ____ 10.27 | 1925_ . ____ 12. 78
1907 . . ___ 25. 75 1919____________ 11.07 | 1926 . ______ 13. 27
1912 _. 16.62 | 1920_ ___________ 11. 27

1913 ___________ 12.39)1921____________ 12. 99 Mean___.. 13. 80

An appreciable increase in precipitation occurs in the vicinity of
Haystack and Juniper Buttes, where the altitude is more than 1,200
feet higher than Madras.

The snowfall varies considerably from year to year at Madras.
Thus, during 1925, when the annual precipitation was 8.93 inches,
only 4.5 inches of snow fell, whereas in 1924, when there was only
5.43 inches of precipitation, 24.7 inches of snow fell. In the sheltered
canyons the snowfall is usually less than on the plain.

Temperature—The monthly and annual mean temperature at
Madras is given in the following table, and the mean temperature at
Bend is given for comparison. Only five years’ records are available,
and the average annual temperature for the period is 47.8° F.
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Monthly and annual mean temperature in degrees Fahrenheit, at Madras and annual
mean at Bend, Oreg., 1922-1926

Annual
Year Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept.| Oct. { Nov. | Dec. M

a-

dras Bend
25.0 | 31.2 {a37.1 | 40,7 151.0 |b61.4 | 66.8 | 65.8 | 59.4 | 49.2 | 33.6 | 28.2 | 45.8 | 46.8
35,6 | 27.6 | 40.2{ 46.0| 52.0 | 57.6 | 67.2 | 66.2 | 59.0 | 45.9 | 41.2 | 33.2 | 47.6 | 47.5
28.6 | 40.6 | 37.6 | 45.8 | 56.7 | 60.5 | 65.4 1 63.2 | 58.2 | 47.4 | 37.2 | 22.2 | 47.0 | 47.5
38.2|38.7|39.4|48.6|55.0/60.2| 682|640 58.5|454|39.0}352|49.2| 488
32.8(41.6(43.2 (523 54.0{63.0|67.5}642|51.5|48.6| 40.8/ 31.8 49.3| 49.9
@ 1 day missing from record. b 5 days missing from record.

There is a wide diurnal range, and extremes of heat and cold are
not uncommon in the basin. Frosts occur in all months of the year,
except July and August. On June 30, 1924, a maximum temperature
of 105° F. was reached, and on December 24 of the same year a
temperature of —40° F. was recorded. The lowest temperature on
record by the Weather Bureau for the east slope of the Cascade
Range occurred at Madras on December 12, 1919, when the ther-
mometer registered —45° F. The climate of the region is similar to
that of many other semiarid high plateaus in the Northwest. The
air is dry, and the extreme temperatures are not as disagreeable as
the records might suggest. Over 200 sunny days usually occur
during the year. Even in the middle of the summer the nights are
cool, and it is necessary to sleep under blankets.

CROPS, VEGETATION, AND FAUNA

The semiarid character of the climate and the frosty nights preclude
any great diversity of agriculture. About 1900 it was discovered that
wheat and other cereals could be grown here, and since that time the
area has been given over to dry farming. The soil is excellent, and
during wet years or years of heavy snowfall good crops are grown.
The long periods of dry years or poor markets have driven out a
number of farmers during the last decade, so that many of the farms
are abandoned and the towns are on the decline. However, in 1925
a bumper crop combined with a good market enabled many of the
farmers to pay off their mortgages and left some of them prosperous.
The Haystack country, which has a deeper soil and one better adapted
for retaining the moisture, yields the best crops.

In the irrigated areas near Terrebonne alfalfa is the principal crop
and dairying is on the increase. The cream is shipped by railroad to
the nearest creameries through cooperative or private organizations.

Truck gardening is successfully practiced on the Gates ranch, in
the Crooked River Canyon, though during some years early frosts
prevent the vegetables from maturing. In the sheltered canyon of
the Crooked River at Cove Crossing fruit and vegetables are easily
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grown. Clay loam and sandy loam predominate in the area, but in a
few places gravelly loam has resulted from the weathering of a bed of
conglomerate in the Deschutes formation.

The natural vegetation of the area is sagebrush, but this has been
largely removed except on the stony land. Junipers grow on the
hills in the Haystack country and in the vicinity of Round Butte.
Sufficient bunch grass grows in uncultivated areas to warrant grazing.
On the inaccessible ledges in the Deschutes and Crooked River
Canyons bunch grass grows knee high. Russian thistle, as in most
other parts of the Northwest, covers most of the abandoned farm
land.

-Coyotes, jackrabbits, badgers, and gophers inhabit the area.
Rattlesnakes are seldom met except in rocky talus slopes along the
rivers. Sagehens and a few varieties of ducks are the principal game
birds. The trout of the Crooked River are famous for their size and
abundance,

WATER RESOURCES
SURFACE WATER

DESCHUTES RIVER

The Deschutes River is described ¥ as

a swift-flowing stream of conspicuously clear gre¢nish-blue water broken by
many rapids and cascades and is a delight to the beholder on account of its
beautiful colors, refreshing coolness, and the picturesque and impressive scenery
of its canyon walls. The flow of the river is more remarkably uniform than that
of any other river in the United States comparable with it in size, and its economic
value is almost incaleulable. At the mouth of the stream the maximum dis-
charge is only six times the minimum. Ocular evidence of this uniformity of
flow is presented by the low grass-grown banks between which the river flows
for much of its course. From the mouth of Crooked River upstream to Benham
Falls, near Lava Butte, a distance of about 50 miles, the variation in the height
of the river throughout the year is not more than 8 or perhaps 10 inches where the
width is not abnormally restricted.

This remarkably uniform flow of the Deschutes, above the Crooked
River is due to its being fed by immense springs near Benham Falls.
The springs themselves do not vary much, because their drainage
areas are covered with thick pumice deposits into which all water
sinks. The water drains underground into numerous buried channels
or permeable lava beds through which it travels for miles and finally
makes its appearance in springs.?

Numerous gaging stations have been maintained by the United
States Geological Survey on the Deschutes River and its tributaries.
Only records for those stations which lie in and adjacent to the

1 Henshaw, F. F., Lewis, J. H., and McCaustland, E. J., Deschutes River, Oreg., and its utilization:
U. 8. Geol. Survey Water-Supply Paper 344, p. 12, 1914,

2 Meinzer, O. E., Large springs in the United States: U. 8. Geol. Survey Water-Supply Paper 557,
DD. 6468, 1927.
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middle Deschutes Basin are included in this report. Some of the
stations whose records are given do not lie in the area mapped, but
the records are included because they are the only data available to
indicate the flow of the streams within the area. The location of the
stations is shown in Figure 5.

DESCHUTES RIVER AT BEND

Discharge records are available for the Deschutes River at Bend
from January 1, 1905, to June 30, 1906, and from January 1, 1909, to
November 21, 1914, when the station was discontinued. These
records can be found in other water-supply papers.!

DESCHUTES RIVER BELOW BEND

A station has been maintained since November 27, 1914, on the
Deschutes River 2 miles north of Bend, in the SE. ¥ sec. 20, T. 17 S,,
R. 12 E., 22 miles south of the area mapped. The gage now in use
is a Stevens water-stage recorder on the right bank. The channel
consists of coarse gravel and boulders. This gaging station is below
the intakes of five large canals (Arnold, Central Oregon, Pilot Butte,
North, and Swalley Canals) which divert water from the Deschutes
River near Bend. Only small ditches divert water below the station.
The flow is regulated by two hydroelectric plants, one at North
Canal Dam and one at Bend. The accuracy of the records is good.
The maximum discharge for the period 1905 to 1926 was 4,820
second-feet at 7.45 a. m. November 27, 1909, when there were no
diversions. The minimum discharge at this station has at times
fallen to a few second-feet owing to the large diversions above the
gage.

The records given below have been. collected by the United States
Geological Survey, except those from 1924 to 1926, which were
obtained by the office of the State engineer of Oregon.

Monthly discharge, in second-feet, of Deschites River below Bend, Oreg., for 191/—1926

Month Mazimum | Minimum [ Mean I;‘é‘:e'?‘ge};“
1914-15
1,320 940 1,140 70, 100
1,290 930 1,160 69, 000
1,450 860 1,210 74, 400
1, 500 1,180 | 1,380 84,800
1,240 860 1,130 62, 800
1,360 1,060 1,220 75, 000
1, 500 750 1,060 63, 100
850 580 683 42, 000
540 260 378 22, 500
398 176 238 14, 600
270 170 207 12,700
338 190 277 16, 500
The year. - - - 1, 500 170 839 608, 000

21 7. 8. Geol. Survey Water-Supply Paper 344, pp. 27-28, 1914; Water-Supply Paper 362, pp. 5564-556,
1915; Water-Supply Paper 394, pp. 4041, 1917; Water-Supply Paper 414, p. 41, 1918,
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Monthly discharge, in second-feet, of Deschutes River below Bend, Oreg., for 191/~
1926—Continued

Month : Maximum | Minimum | Mean Rwuf;fge‘tn
1915-16
October . i 7 316 544 33,400
November_ _ - 1,180 696 967 57, 500
December. - 1, 260 1,000 1,120 68, 900
January_._ - 1,280 1, 000 1,130 69, 500
February. - 1, 300 950 1,170 67,300
March - 1, 500 850 1,220 75,000
April. - 1, 570 994 1,350 3
May. - 1, 300 961 1,110 200
Juns. - 1,160 750 879 52,300
July.. - 1, 360 732 1,020 62, 700
August - 741 588 637 39,
September 830 628 782 46, 500
The year. 1, 570 316 992 721, 000
October 780 937 57, 600
960 1,220 72, 600
1, 1,040 1, 350 83, 000
1, 828 1,170 71, 900
1, 780 963 53, 500
1, 828 1,020 62, 700
1, 1,040 1,340 79, 700
1, 1,150 1,470 90, 400
1, 1,150 1,280 76, 200
1, 670 940 57,800
592 669 41, 100
670 809 48, 100
592 1, 100 795, 000
1. 080 763 940 57, 800
1,340 focaemeaee 1,170 69, 606
1,780 | oo . 1,370 84, 200
1, 850 1,280 1,640 101, 000
1, 850 1,230 1, 540 , 500
1,640 1,210 1,410 , 700
1,650 890 1, 140 67, 800
1,080 720 902 . 500
500 627 37,300
521 340 435 26, 700
370 430 , 400
385 583 34,700
340 1,010 733, 000
637 927 57,000
970 1, 190 70, 800
850 1, 150 70, 700
900 120 68, 900
870 1,130 62, 800
770 1, 100 67, 600
1,020 1,250 74, 400
680 852 52,400
464 645 38,400
265 338 20, 700
238 264 16, 200
228 516 30, 700
228 871 631, 000
485 802 49, 300
920 1, 280 76, 200
1,000 [ 1,310 80, 600
970 1,190 73, 200
1,020 1, 160 66, 700
970 1,160 71, 300
920 1, 210 72, 000
418 603 37, 100
285 364 21, 700
125 214 13, 200
70 120 7. 380
Septembe 212 372 22, 100
70 814 591, 000




MIDDLE DESCHUTES RIVER BASIN, OREGON

165

Monthly discharge, in second-feet, of Deschuies River below Bend, Oreg., for 1914—
1926—Continued

Month Maximum | Minimum Mean Ramgi%n

1920-21

October- - e 560 656 40, 300

November _ . e 1,390 756 1,110 66, 000

December. ... icecaes 1,030 1,220 75, 000

1,210 1,360 83, 600

1, 160 1,320 73, 300

1, 300 1,430 87,900

1,120 1,330 79, 100

1,030 1,140 0, 100

850 1,210 72, 000

640 745 45, 800

640 686 42, 200

688 859 51, 100

The year ... ____._._._ P - 1, 590 560 1, 090 786, 000
1921-22

OCtOber - e 1,110 930 1,000 61, 500

November. 1,910 1,060 1,330 79, 100

2, 1,900 117, 000

JAMUALY oo e 1, 1,480 , 000

1, 1,340 74,400

1, 1,300 79,900

1, 1,410 83,900

1, 1,340 82, 400

1, 1,120 66, 600

540 , 200

453 27, 900

512 30, 500

1,140 827, 000

881 54, 200

1,140 67,800

1, 100 67, 600

1, 280 78,700

1,120 62, 200

1,160 71,300

1,130 67, 200

476 , 300

364 21, 700

265 16, 300

218 13, 400

216 12, 900

777 563, 000

October_ . s 678 285 515 31,700

845 715 42, 500

1,120 672 983 60, 400

1,220 755 995 61,200

1,650 765 1,310 75, 400

1,580 888 1,260 77, 500

1,080 185 759 45, 200

470 40 208 12,800

423 14 116 6, 900

285 24 93, 5,760

176 15 101 6, 210

168 18 120 7,140

1,650 14 596 433,000

449 140 256 15, 700

1,120 764 999 59,400

L1120 e 1,000 61, 500

1, 190 888 1,010 62, 100

1,510 972 1,300 72,200

1, 200 825 1,080 €6, 400

1,200 [oocmameao . 1, 050 62, 500

991 443 674 41, 400

730 198 422 25, 100

270 98 163 10, 000

—— 640 154 262 16, 100

664 189 484 28, 800

The year.-.. e emcmcmemmm e ——————e——aa 1, 510 98 721 522, 000
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Monthly discharge, in second-feet, of Deschutes River below Bend, Oreg., for 191/~
1926—Continued

Month Maximum | Minimum | Mean I;m{“

605 37,200
1,050 62, 500
1, 160 71, 300
1,030 63,300
1130 62,300
1,090 67, 000
106 24, 200
104 6, 400
55. 8 3, 320
67.9 4180

49 3,010
126 7, 500
570 413,000

DESCHUTES RIVER AT LAIDLAW

A gaging station was maintained on the Deschutes River at Laidlaw
(now Tumalo) from 1909 to 1912, and records were also obtained for
short periods in 1914 and 1915. The accuracy of the records at this
station is not very good, because the measuring section was unsatis-
factory. The records indicate that there is only a slight increase in
flow between this station and the one at Bend; hence they are not
included in this report. They can be found in Water-Supply Paper
344, pages 28-29.

DESCHUTES RIVER NEAR CLINE FALLS

The Cline Falls gaging station is in sec. 13, T. 15 S., R. 12 E. (see
fig. 5), about 4 miles south of the point where the Deschutes River en-
ters this area. A staff gage was maintained on the right bank from 1910
to 1913. The channel consists of sand, gravel, and boulders and
is practically permanent. The records for this station are good.

Monthly discharge, in second-feet, of Deschutes River near Cline Falls, Oreg., for
1

910-1913
: . Run-off in
Month Maximum | Minimum Mean acre-foot

1, 600 1, 460 1, 580 43, 900
2, 480 1,820 2, 100 129, 000
1, 820 1,670 1,740 104, 000
1, 900 390 1,710 105, 000
1,820 1,160 1,310 78, 000
1, 160 1, 020 1, 090 67, 000
gust.. 1,270 974 1,110 68, 200
September 1, 160 974 1, 050 62, 500
The period. . e amem e e e e 658, 000
1,110 1,020 1,070 85, 800
1,530 1, 060 1, 350 80, 300
1, 600 1,270 1,380 84, 800
1,330 1, 160 1, 76, 900
- 1,270 1,110 1,220 67, 800
Marceh 1-4. e 1, 190 9,440
The period [N SR IS 385, 000
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Monthly discharge, in second-feet, of Deschules River near Cline Falls, Oreg., for

1910-1913—Continued
Month Msaximum | Minimum | Mean | Bumoffin
acre-feet
1912
February 19-29 1,670 1,270 1,440 31, 300
Mareh. .. 1,330 1,060 1, 200 73,800
1, 460 1, 060 1,270 75, 600
1,740 1,270 1,430 87,900
1,820 1, 530 1, 670 99, 400
1, 530 1, 060 1, 220 75, 000
1, 160 1,040 1, 0980 67, 000
1, 250 1, 140 1, 200 71, 400
The period - . JROUR) SN FUP 581, 000
1912-13
October____ .. 1, 250 1,110 1,190 , 200
1, 500 1, 220 1,330 79, 100
1, 530 1,270 | 1,430 87, 900
1, 560 1,160 1,390 500
1,370 1,180 1, 300 72, 200
1, 390 1,110 1, 280 78, 700
1,670 1,200 1,4% 88,700
1, 850 1,330 1, 510 92, 800
.................................... 658, 000

DESCHUTES RIVER NEAR MADRAS

A station has been maintained in the NW. % sec. 19, T. 10 S,, R~
13 E., at the proposed Pelton Dam site, 5 miles above the mouth of
Shitike Creek, and 9 miles northwest of Madras. (See fig. 5.)
A staff gage on the right bank was used up to May 5, 1924, but
since then a Stevens 8-day water-stage recorder has been in operation.
The channel and control are composed of boulders and heavy gravel
and are apparently permanent. The maximum stage for 1924 to
1926, as shown by the water-stage recorder, was 6.54 feet on February
6, 1925, when a discharge of 10,700 second-feet occurred. The
minimum stage as shown by the recorder occurred on August 21, 22,
and August 30 to September 2, 1926, when the discharge was 3,220
second-feet. The flow is affected by diversions from the upper
Deschutes River, the Crooked River, and Tumalo and Squaw Creeks.
Most of the low-water flow comes from springs entering the river
below irrigation diversions. Some fluctuation occurs, due to power
plants and canal intakes near Bend.

Monthly discharge, in second-feet, of Deschutes River near Madras, Oreg., for the
years ending September 30, 1924~1926

Month Maximum | Minimum | Meesn | BuR-oflin

January. 6, 060 4,160 4, 550 230, 000
February ... 7,320 5,060 5,840 324, 000

ay .- meoo 3,860 3,360 3,620 223, 000
June_.__. 3,710 3,320 3,440 205, 000
Augus 3, 420 3, 240 3, 340 205, 000
September____.___._..____ 3,400 3,240 3,340 199, 060
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Monthly discharge, in second-feet, of Deschutes River mear Madras, Oreg., for the
years ending September 30, 1924—1926—Continued

: - Run-off in
Month ) Maximum | Minimum { Mean acre-feet
1924-25

October_.... .. 3,710 3,400 3,460 213, 000
November 5, 940 3,910 4,460 265, 000
Deecember- e 5, 440 3, 860 4,370 269, 000
9, 230 4,470 5,120 315,000
10, 200 5,190 6, 560 364, 000
6, 320 4,940 5, 540 341, 000
6, 940 5, 190 6,030 359, 000
6,820 4, 360 4,980 306, 000
4, 580 3,860 4, 130 246, 000
3,960 3,660 3,750 231, 000
4,010 3, 560 3, 680 226, 000
4,110 3,610 3,900 232, 000
10, 200 3,400 4,650 3, 370, 0O
4,010 3,810 3,930 242, 000
4, 580 3,810 4,350 259, 000
4,700 4,260 4,510 277, 000
4, 580 4,060 4,390 270, 000
6,820 4,260 5, 160 287, 000
5,820 4,470 5, 060 311, 000
5, 060 3,660 4,250 253, 000
3,710 3,440 3,530 217, 000
3,510 3,270 3,360 200, 000
3,330 3,270 3,310 204, 000
3,340 3,230 3,290 202,000
3,410 3, 240 3,320 198, 000
6, 820 3,230 4,030 | 2,920,000

DESCHUTES RIVER AT MECCA

A station was maintained from June 7, 1911, to January 14, 1927,
at Mecca, in the SW. ¥% sec. 20, T. 9 S, R. 13 E., 1% miles below the
mouth of Shitike Creek and about 10 miles north of this area. (See
fig. 5.) There was a staff gage at this station until August, 1924,
when a Gurley 8-day recorder was installed. The bed of the river is
composed of rock and gravel and is subject to seasonal shifts. The
maximum. stage occurred on the night of January 6, 1923, at gage
height 6.90 feet, with a discharge of 15,200 second-feet. The
minimum stage was on August 27 to 30, 1920, at gage height 1.95 feet,
with a discharge of 3.170 second-feet. The flow at this station is
affected by diversions from the upper Deschutes River near Bend,
Tumalo, and Cline Falls. The summer flow of the Crooked River
above Trail Crossing and of Tumalo and Squaw Creeks is practically
all diverted. The records are good.

Monthly discharge, in second-feet, of Deschutes River at Mecca, Oreg., from June 7,
1911, to September 30, 1926

. . Run-off in
Month Mazximum | Minimum Mean acre-foet
1911

5, 260 4, 540 4,880 232, 000

4,720 4,040 4,360 268, 000

4, 200 3,880 4,050 249, 000

4, 200 4,040 4,150 247, 000
The perioq. - - -l 1, 096, 000
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Monthly discharge, in second-feet, of Deschutes River at Mecca,
1911, to September 30, 1926—Continued

169

Oreg., from June 7,

. Run-off in
Month Maximum | Minimum Mean acre-feet
1911-12

4, 200 3,880 4,090 251, 000
4,540 3,880 4,210 251, 000
4,370 4,200 4,300 264, 000
6, 800 3, 300 5,050 311, 000
8 490 4,900 5, 940 342, 000
5,830 4,900 5,200 320, 000
7,410 5, 830 6, 460 384, 000
8,270 6, 400 7,100 437, 000
6,800 5,450 6,020 358, 000
6, 210 4,370 4,850 298, 000
5, 080 4, 370 4, 550 280, 000
4,720 4,370 4,520 269, 000
8,490 3,300 5190 | 3,760,000
4, 900 4, 200 4,390 270, 000
5, 260 4,307 4,770 ,
5,080 4, 540 4,670 287, 000
5,080 4, 540 4,880 , 000
6, 020 4, 540 4,810 267, 000
6, 400 4, 540 5,350 329, 000
9, 410 6, 210 7,450 443, 000
6,210 4,900 5,710 351, 000
6, 020 5,u80 5,490 327, 000
5,640 4,720 5,060 311,000
4,720 4, 200 4,400 271, 000
4, 540 4,200 4,250 253, 000
9, 410 4, 200 5, 100 3, 690, 000
5,080 4,200 4,520 278, 000
5,080 4,540 4,820 287, 000
5,080 4, 540 4, 800 295, 000
6, 020 4, 900 5,270 324,
6, 400 4, 540 5,080 282, 000
8,320 6, 050 7,250 446, 000
7,890 5,480 6,610 393, 000
5, 480 4,740 5,080 312, 000
5,100 4,380 4,630 276, 000
4,740 4, 050 4,230 260, 000
4,050 3, 900 4,020 7, 000
4,740 3, 900 4,200 250, 000
8,320 3, 900 5,040 3, 650, 000
4,740 4,380 4, 590 282, 000
4, 740 4,380 4,700 , 000
5,100 4,210 4, 580 282, 000
4,920 4,380 4,640 285, 000
4,740 4,380 4, 540 252, 000
7, 260 4,740 5,310 326, 000
7,470 4,380 5,480 326, 000
4,740 4,210 4, 380 269, 000
4,050 3,470 3,810 , 000
3,750 3,470 3, 580
3,750 3,470 3, 500 215, 000
3,750 3,470 3, 580 213, 000
7,470 3,470 4,390 3, 180, 000
OCtObOT - - o oo ccaeaae 4,050 3,680 3, 860 237, 000
5, 860 4, 050 4, 500 268, 000
5,480 4,740 4,820 296,
4,740 4,380 4, 580 282, 000
10, 400 4, 560 7, 240 416, 000
11, 700 5,370 7,710 474,000
9,350 6, 350 7,460 444,
6,850 4,900 5,730 352, 000
5,850 4,670 5,220 311, 000
6,600 4,450 , 610 , 000
4,670 4, 250 4,410 271, 000
4,450 4, 250 4,410 262, 000
11, 700 3,680 5, 450 3, 960, 000
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Monthly discharge, in second-feet, of Deschutes River at Mecca,
1911, to September 30, 1926—Continued

Oreg., from June 7,

. . Run-off in
Month Maximum | Minimum Mean acre-feet
1916-17

4, 450 4,070 4,370 269, 000
4,900 4,450 4,740 282, 000
4, 900 4, 450 4,750 292, 000
4,900 4,070 4, 550 280, 000
4,900 4,070 4,470 248, 000
7,100 4,070 730 291,000
11, 600 4,900 7, 580 451, 000
9, 560 6, 360 7,720 475, 000
6, 840 5,100 5, 850 348, 000
5, 500 400 5,110 314, 000
4,400 4,100 4,250 261, 000
4, 400 4,100 4,300 256, 000

11,600 4,070 5, 200 3, 770. 000

4,580 4,140 4,310 285, 000

6,360 4,400 4,670 278, 000

9,300 4,760 6,010 370,

6,840 5,920 , 480 398, 000
7,320 5,330 6,040 000
7,800 5,140 6,020 370, 000
7,080 4,760 5,390 321, 000
4,760 4,400 4,560 280, 000
4,760 3,970 4,420 263, 000
4,050 3,820 3,950 243, 000
4,050 3,740 3, 860 237, 000
4,580 3,890 4,040 240, 000
9, 300 3,740 4,970 3,600, 000
4, 580 3,970 4,290 264, 000
4,760 4,400 4, 560 271, 000
4, 580 4,050 4,480 275, 000
5,920 4,220 4,820 296, 000
4,760 4, 580 4,750 264, 000
7,320 4, 580 5,050 311, 000
10, 300 6, 470 7,550 449, 000
6,470 4,900 5,310 326, 000
4,900 4,220 4, 600 274, 000
4, 550 4,060 4,180 257,000
4,060 3,840 3,920 , 000
4,220 3, 840 4,120 , 000
10, 300 3, 840 4, 800 3, 470,000
4, 550 3,980 4, 260 262, 000
7,120 4,550 4,940 204, 000
6, 050 4, 550 5, 000 307,000
10, 100 4, 550 5,380 331, 000
6,430 4,330 5,060 291, 000
5, 150 4,330 4,720 290, 000
5, 990 4,730 5,350 318, 000
5, 360 3,760 4, 520 278, 000
4,330 3,580 3,870 230, 000
3, 580 3,380 3, 500 215, 000
3,410 3,170 3,320 204, 000
3,850 3,250 3,590 214, 000
10, 100 3, 170 4,460 3, 230, 000
4,330 3,850 3,960 243, 000
5,990 4,040 4,780 284, 000
6, 880 4,730 4,930 303, 000
7,340 5, 260 6, 030 371, 000
9, 820 5,080 6,420 357, 000
9, 560 6, 680 7, 440 457, 000
7,800 6,470 7,040 419, 000
7,340 5,650 6,410 394, 000
6,900 5, 080 5,860 349, 000
5,450 4,380 4,720 290, 000
4, 550 4, 060 4,240 261, 000
4, 900 4, 060 4,320 257, 000
9, 820 3,850 5,510 3, 980, 000
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Monthly discharge, in second-feet, of Deschules River at Mecca, Oreq., from June 7,

MIDDLE DESCHUTES RIVER BASIN, OREGON

0, 1926—Continued
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TUMALO CREEK

Tumale Creek rises on the east slope of the Cascade Range at the
foot of Broken Top Mountain. It flows east and then a little north
and joins the Deschutes about 4 miles below the Deschutes gaging
station near Bend. The station on Tumalo Creek is in sec. 23,
T. 17 8., R. 11 E., 4 miles above the mouth of the creek and a quarter
of a mile above the intake of the Tumalo Feed Canal, the principal
diversion. (Seefig.5.) The monthly discharge, including diversions,
from 1913 to 1926 is given below. Although the creek lies outside
of the middle Deschutes Basin (see pl. 10), the records are included
here because it is the only perennial stream that enters the Deschutes
River above Squaw Creek and below the Bend gaging station. From
1914 to 1926, for which records at Cline Falls are not available, the
flow of this creek, except during the irrigation season, should be added
to the flow of the Deschutes at Bend to obtain the flow of the Des-
chutes at Cline Falls or any place above the mouth of Squaw Creek in
the middle Deschutes Basin.

Monthly discharge, in second-feet, of Tumalo Creek near Bend, Oreg., for the years
ending September 30, 1914—1926

: ini Run-off in
Month Maximum | Minimum [ Mean acre-feet
1913-14
86.5 5,320
95.9 5,710
83,5 5,130
76.7 4,720
85.1 4,730
100 6,150
145 8,630
215 13,200
183 10,900
118 7,260
7.3 4,380
72.7 4,330
111 80, 500

1914-15
74 78.4 4,820
73 83.5 4,960
62 7.5 4, 400
62 64.7 3,980
67 69.9 3,880
56 68.2 4,190
88 118 7,020
107 129 7,930
101 135 8,030
67 80.5 4,950
53 58.2 3, 580
46 49 2,920
~ 46 83.3 60,600
44 48.4 2,980
52 62.5 3,720
58 62.5 3,840
@ 50 3,070
44 62.3 3,580
64.6 3,970
70 102 6,070
144 180 11,100
126 316 18,800

¢ Estimated.
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Monthly discharge, in second-feet, of Tumalo Creek near Bend, Oreg., for the years

ending September 30, 1914—-1926—Continued

. : Run-off in
Month Maximum | Minimum | Mean acre-feet
19015-16
JUlY e 572 172 323 19,900
ABRUSt e eeeeaan 197 97 135 8, 300
September. . _________ ... 123 73 8L.9 4,870
The year..._. - 572 44 124 90, 200
1916-17
75 61 67.9 4,180
92 60 7.7 4,
63 54 60. 4 3,710
62 60 60. 1 3,700
71 49 62 3,440
75 46 58.9 3,620
96 52 67 3,990
201 133 8,180
382 198 293 17,400
340 115 266 16, 400
ugust 113 94.1 5,790
September. _ - 92 65 7.7 4, 620
The year..__ ——— 382 46 109 79, 300
1917-18%
October. 73 65 68.4 4,210
99 62 66.8 3,970
455 65 130 7,990
225 93 140 8,610
122 72 84.4 4, 690
85 73.9 4,540
142 76 100 5,950
191 117 149 9,160
498 149 300 17,900
165 89 109 6,700
AuguSt . e 103 70 79.8 4,910
September_ . eae 7 67 7.4 4,250
The year e 498 62 114 82, 800
74.1 4,560
78.2 4,650
55.9 3,440
47.9 2,950
51.8 2 880
51.8 3,190
96.1 5,720
228 14, 000
222 13, 200
157 9, 650
0.9 4,970
72.2 4,300
101 73, 500
59.7 3,670
72.1 4,200
62.3 3,830
80.1 5,480
82.2 4,730
69.8 4,290
68.4 4,070
127 7,810
204 12,100
131 8, 060
83 5,100
74 4,400
93.8 67, 800
93.6 5, 760
122 7, 260
87.6 5,390
101 6,210
113 6, 280
92.8 5,710
112 6, 660
203 12, 500

% These discharges include diversion above station, mostly in Columbia Southern Canal. Beginning
with 1917 discharge includes that of Crater Creek Canal in addition to natural flow of Tumalo Creek.

3030°—31 12
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Monthly discharge, in second-feet, of Tumalo Creek near Bend, Oreg., for the years
ending September 30, 1914—1926—Continued

Month Maximum { Minimum | Mean Ra%?e-?fgein
1920-21
June. .. - - 463 189 339 20, 200
JAly e 360 119 205 12, 600
August_ . ... __.________ . —— 162 102 14 7,600
September. __ ——— - 198 83 108 6,430
The year. - - 463 69 144 103, 000
1921
October. - - 100 62 79.9 4,910
November_ ..o 450 87 104 6,180
173 10, 600
329 19, 600
191 11, 700
97.3 5, 980
94 58,90
The period R -- 58, 500
497.3 5, 790
291 91 206 12, 700
366 150 212 12, 600
266 93 182 11,200
95 | n 85.1 5,230
_______________ 4713 4, 240
The period - oo oo || e 51, 800
1923-24
October. - - - - 469.0 4,240
a72 4,280
474.3 4, 570
67.8 4,170
74.0 4, 260
64.4 3,960
811 4,830
190 11,700
109 6, 450
712 4, 380
63.9 3,930
55.9 3,330
82.9 60, 100
a49.5]1 * 3,040
d487.3 5,190
459.1 3,630
466.9 4,110
79.4 4,410
62.0 3,810
116 6, 900
280 17, 200
258 15,400
172 10, 600
4856 5, 260
473.9 4,400
116 84,000
68.3 4, 200
66.6 3, 960
70.7 4, 350
65.2 4,010
74.9 4,160
70.7 , 350
134 7,970
164 10, 100
118 7,
72.3 4,450
63.8 3,920
59.4 3, 530
85.6 62, 000

¢ Diversion in Columbia Southern Canal estimated the samse as in 1921.
¢ Partly estimated.
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SQUAW CREEK 22

Squaw Creek rises at the foot of the glaciers of the Three Sisters
and flows northeastward into the Deschutes River. Its drainage
basin embraces six glaciers. The largest, Bend Glacier, lies on the north
slope of Broken Top; the others rest on the east slope of thé Three
Sisters. Their areas are as follows:

On Broken Top: Acres

Bend Glacier- . .o 250
On South Sister:

Prouty Glaecier. . . 170

Carver Glacier . oo ees 150
On Middle Sister:

Diller Glacier. .- - oo e 190
Between Middle and North Sisters:

Hayden Glaeier_. - o ___._ 220
On North Sister:

Thayer Glacier. - . - . 60

1, 040

A gaging station was maintained from July, 1906, to May, 1913, in
sec. 29, T. 15 S., R. 10 E., about 4 miles above Sisters and above all
diversions except McCallister ditch. (See fig. 5.) The flow of
McCallister ditch is included in the published records of discharge.
Since May, 1913, the station has been just above the intake of
MecCallister ditch, the highest diversion on the creek. The drainage
area above this station is 45 square miles. This drainage ares in-
cludes the area tributary to Snow Creek, part of the waters of which
are diverted into Three Creek, but excludes Pole Creek, practically all
of which is diverted. Of this area 23 square miles, or practically one-
half, lies at an altitude of 6,000 feet or more. Three extensive moun-
tain masses rise above 8,000 feet in this basin. The one north of
Broken Top comprises about 300 acres; another of 210 acres, mostly
covered by Prouty Glacier, is on South Sister; and a third of 1,050
acres is on Middle and North Sisters. The area lying above an alti-
tude of 8,000 feet amounts to practically 2% square miles. Only a
narrow strip of the lower portion of the drainage area above the gaging
station lies below 4,500 feet.

The records from 1906 to 1909 published on pages 399 to 405 of
Water-Supply Paper 370 and on pages 41 and 42 of Water-Supply
Paper 344 may be subject to considerable error. The records from
1909 to 1926, given below, are good. The entire flow of the creek
is diverted below this station during the summer. Miscellaneous
measurements and estimates show that the flow at the mouth during
the irrigation season does not exceed 10 second-feet.

% Data furnished by F. F. Henshaw.
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Monihly discharge, in second-feet, of Squaw Creek near Sisters, Oreg., for the years
ending S’eptembcr 30, 1910-1926

s Run-off in
Month Maximum | Minimum | Mean acre-feet
82 58 68. 4 4,210
1, 960 69 255 15, 200
253 84 133 8, 180
155 68 86.3 5,310
112 54 73.0 4, 050
253 84 118 7, 260
172 80 116 6, 900
310 112 183 11, 300
317 139 201 12, 000
226 146 178 10, 900
144 84 112 6, 890
188 66 95.0 5, 650
1, 960 54 135 97, 800
250 57 8.2 4, 990
307 41 102 6, 070
115 62 8L 6 5, 020
76 50 61.7 3,790
76 47 52.5 2,920
62 42 50. 4 3, 100
97 49 68.5 4, 080
128 80 93.8 5,770
313 144 237 14, 100
344 163 223 13, 700
14 97 124 7,620
117 65 80.4 4,780
344 41 105 75, 900
65 45 56.8 3,490
65 46 58.3 3,470
60 41 47.2 900
186 49 68.8 4,230
130 43 645 3,710
56 32 45.7 2,810
84 46 59.5 3, 540
261 60 131 8, 060
395 191 249 14, £00
261 158 202 12, 400
336 102 168 10, 300
152 72 90.2 5,370
395 32 104 75,100
102 44 64.7 3, 980
104 54 70.6 4, 200
66 50 55.1 3, 390
- ¢51.0 3,140
43 37 37.4 2, 080
72 37 40.4 2,480
133 56 80.5 4,790
68 ° 143 8, 790
420 195 278 16, 500
375 210 280 17, 200
255 135 199 , 200
405 80 136 8, 090
420 ) e 120 86, 800
1913-14
270 62 817 5,020
100 62 70.1 4,170
59 50 5L56 1, 530
150 75 98.0 4, 670
270 90 166 10, 200
288 112 190 11, 300
288 150 215 13, 200
205 125 165 5, 560
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Monthly discharge, in second-feet, of Squaw Creek near Ststers, Oreg., for the years
ending September 30, 1910-1926—Continued

: s Run-off in
Month Maximum | Minimum | Mean acre-feet

1915
May 011 oo e 150 54 90.4 4,120
175 100 133 7,910
205 100 149 9,160
August 205 100 126 7,750
The period.. —— R 28, 900
82 76 77.8 1,230
112 | 76 89.9 5, 350
197 90 116 7,130
404 110 239 14, 200
514 228 309 19, 000
August. .o 268 147 209 12, 900
September 206 78 125 7,440
Theperiod. .. o o eeeccc e el 67, 200

1917
April 580 e 90 39 54.3 2, 800
May- s 158 63 108 6, 640
June. .. 302 133 233 13, 900
July.._. 472 225 347 21,300
August ...l 240 142 184 11,300
September 183 77 118 7,020
October_ e 100 56 76.8 4,720
November 168 ) § 62.7 3,730
December 1-5. e cceeeca e 84 63 69. 4 688
The period - - RO RS [N SO 72,100

1918
March. e 7 IO 560.2 3,700
e 1 89 62 72.8 4,330
B U 139 76 99.8 6, 140
Jume. o eeceeeee 440 115 267 15, 900
Ty e 130 5202 12, 400
August_._ o . — [ S - 5151 9, 280
September. .. e 193 | ° 93 135 8,039
The period. e 59, 800
340 255 300 3,570
415 187 258 , 900
205 157 176 , 030
The period. .. e e e 27, 500

1920
March 17-81. e ——-- 68 58 62.6 1, 860
April . 30 60 67.7 4,030
69 111 6,820
174 10, 400
190 11, 700
144 850
107 6,430
127 50, 100
151 7,790
304 18, 100
255 15, 700
156 , 600
103 6, 130
195 57,300
57.5 912
119 7,320
275 16, 400
226 13,900
149 9, 160
102 6,070
56.5 , 470
45 680
35.8 1,060
The period SN USSR PSS MU 61, 000

b Partly estimated.
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Monthly discharge, in second-feet, of Squaw Creek near Sisters, Oreg., for the years
ending September 30, 1910~-1926 —Continued

. Run-off in
Month Maximum | Minimum Mean acre-feet

92 67 76.6 2,740
210 69 144 8,850
300 17 178 10, 600
320 172 224 13, 800
159 119 138 8,490
132 55 93,2 5. 550
- - I 50, 000
April (848YS) ool e 84 55 65.6 1,040
MY e 204 76 138 8,450
176 94 124 7,380
170 98 125 7,690
123 78 103 6,330
111 43 70.4 4,190
204 L 30 U I
114 92 100 1, 590
341 116 205 12, 600
375 144 227 13, 500
257 163 212 13, 000
202 92 134 8, 240
106 58 87.9 5,230
54, 200
v55.6 3,420
53 44 47.8 2,340
110 43 56.7 3,490
78 32 47.4 2,910
128 36 5.2 3,620
53 41 46,1 2,830
166 49 89.2 5,310
238 80 5134 8, 240
199 102 143 8,510
173 96 132 8, 120
75 110 6, 760
8 39 58.1 3,460
238 32 82.2 59, 500

b Partly estimated.
CROOKED RIVER

The Crooked River, the next perennial stream north of Squaw
Creek to enter the Deschutes, rises in a group of mountains in central
Oregon and flows west. At Trail Crossing it enters a deep canyon,
and a few miles farther west it turns and flows northward to the
Deschutes. Since October 1, 1917, a gaging station has been main-
tained in the NW. ¥ sec. 11, T. 12 S,, R. 12 E,, at the Cove power
plant, about 6 miles west of Culver. (See fig. 5.) Until February
15, 1922, an inclined staff gage was installed on the left bank one-
eighth mile below the power house; after that date a vertical gage was
installed on the right bank 100 feet below the power house. The
maximum stage was recorded on February 6, 1925, at gage height
5.60 feet, with a discharge of 7,320 second-feet. The minimum
discharge was 970 second-feet at gage height 1.70 feet from July 12
to September 5, 1921. Practically all the flow of Crooked River
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above Prineville is diverted during the irrigation season. Miscella-
neous measurements and reliable observations indicate that the sum-
mer flow at Trail Crossing was generally less than 10 second-feet from
1900 to 1910. Since then a summer flow of about 50 second-feet
has passed Trail Crossing as a result of storage in Ochoco Reservoir
and return flow from irrigation. Consequently, nearly all the low-
water flow at this station comes from springs between Trail Crossing
and the gaging station. The records obtained at this station are
good.

Monthly discharge, in second-feet, of Crooked River mear Culver, Oreg., for the
years ending September 30, 1918~1926

. s Run-off in
Month Maximum | Minimum | Mean acre-feet
1917-18

1,120 1,120 1,120 68, 900
1,210 1,120 1,130 67, 200
1,460 1,210 1,250 76, 900
1,530 1,330 1,440 88, 500
2,010 1,330 1,530 85, 000
3,300 1,39 2,020 124, 000
2,900 1,270 1,760 105, 600
1,270 1,210 1,210 74,400
1,210 1,100 1,130 67, 200
1,100 ) 100 1,100 67, 600
1,150 1,100 1,110 68, 200
1,100 1,100 1,100 65, 500
3,300 1,100 1,320 958, 000
1,150 1,100 1,110 68, 200
1,150 1,150 1,150 68, 400
1,150 1,150 1,150 70, 700
1,390 1, 150 1,210 74, 400
1,390 1,210 1,260 70, 000
3, 200 1,210 1,490 91, 600
5,200 2,540 3,430 204, 000
2, 360 1,150 1,420 87,300
1,150 1,100 1,110 66, 000
1,100 1,050 1,080 66, 400
1, 100 1,100 1,100 67, 600
1,150 1,100 1,110 66, 000
The Year- - e cc e cmmcm e e 5,200 1,050 1,380 1, 000, 000
1919-20
October. - 1,060 1,060 1,060 65, 200
1,120 1,060 1,120 66, 600
2,010 1,080 1,260 77, 500
4,100 1,120 1, 460 89, 800
, 770 1,250 1,400 80, 500
1,690 1,250 1,380 84, 800
2,270 1,390 1,790 107,000
2,180 1,120 1,460 89, 800
1,060 1,060 1,060 63, 100
1,120 1,060 1,060 65, 200
1,080 1,060 1,060 85, 200
1,180 1,060 1,090 64, 900
4,100 1, 060 1,270 920, 000
1,120 1,120 1,120 68, 900
1,530 1,120 190 70, 800
1,250 1,120 1,160 71, 300
2,720 1,180 1, 560 95, 900
4,900 1,250 2,160 120, 000
4,400 2, 360 2, 900 178, 000
3,700 2,270 2,760 164, 000
3, 400 1,490 2,360 145, 000
2,180 1,020 1, 300 77,400
1,040 970 995 61,200
970 970 970 59, 600
1,040 970 1,030 61, 300
4, 900 970 1,620 | 1,170,000
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Monthly discharge, in second-feet, of Crooked River near Culver, Oreg., for the
years ending September 30, 1918-1926—Continued

. . Run-off in
Month Maximum | Minimum Mean acre-feet

1,120 1,090 1,100 67, 600
, 250 1,120 1,180 70, 200
2,340 1,140 1,280 78, 700
1,190 1,090 1,150 70, 700
1,310 1,180 1,210 67, 200
2,630 1,180 1,480 91, 000
6, 40 1, 570 3,000 184, 000
3,420 1,300 2, 240 138, 000
1,400 1,120 1,210 72, 000
1,120 1,110 1,110 68, 200
1,120 1,110 1,110 68, 200
1,140 1,120 1,120 66, 600
6, 240 1,090 1,440 1, 040, 000
1,180 1,120 1,150 70, 700
1,200 1,150 1,170 69, 600
1,280 1,180 1,190 73, 200
2,450 1,220 1,370 84, 200
1, 510 1,180 1, 260 70, 000
3, 280 1,300 1,670 103, 000
3,720 1,630 2, 620 156, 000
1,760 1,220 1,410 86, 700
1, 260 1,180 1, 200 71,400
1, 450 1,140 1, 240 76, 200
, 140 1,120 1,130 69, 500
1,180 1,140 1,150 68, 400
3,720 1,120 1,380 999, 0600
1,200 1,180 1,180 72, 600
1, 200 1,180 1,190 70, 800
1,200 1,160 1,180 72, 600
3,280 1,160 1,240 76, 200
3,880 1, 400 1, 109, 000
1,570 1,220 1,340 82,400
1,630 1, 220 1,360 80, 900
1,200 1,110 1,140 69, 500
1,110 1,110 1,110 66, 000
1,110 1,110 1,110 68, 200
1,110 1,110 1,110 68, 200
1,110 1,110 1,110 66, 000
3,880 1,110 1, 240 902, 000
Oetober o meeeae 1,150 1,110 1,120 68, 900
November. 1,510 1,150 1,210 72, 000
December.. 1,180 1,160 1,170 71, 900
5,640 1,160 1, 600 98, 400
6, 660 1,510 2,330 129, 000
3,020 1, 400 1,910 117, 000
2,900 1,690 2,320 138, 000
2, 050 1,300 1,490 91, 600
1,300 1,180 1,230 73, 200
1,180 1,180 1,180 72, 600
1,180 1,180 1,180 72, 600
1,220 1,180 1,200 71,400
6, 660 1,110 1,490 1, 080, 000
1, 220 1,220 1,220 75, 000
1,220 1,220 1,220 72, 600
1,220 1,220 1,220 75, 000
1,240 1,220 1,220 75, 000
2,720 1,260 1,540 85, 500
2, 290 1,400 1,670 103, 000
2,290 1,220 1,540 91, 600
1,220 1, 160 1,180 72, 600
1,160 1,160 1,160 69, 000
1,160 1,140 1,150 70, 700
1,140 1,140 1,140 70, 100
1,150 1,120 1, 140 67, 800
2,720 1,120 1,280 928, 000
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METOLIUS RIVER

The Metolius River rises at the foot of the snow fields of three
great peaks in the Cascade Range—Mount Washington, Three Finger
Jack, and Mount Jefferson. Practically all of its normal flow comes
from huge springs. Several gaging stations have been maintained by
the United States Geological Survey on the river, but none of them
are in the part of the basin covered by this report.

METOLIUS RIVER AT RIGGS RANCH

The gaging station at the Riggs ranch is only about 4 miles west of
the area mapped. (See fig. 5.) It is 7 miles above the mouth of the
river, in the NE. % sec. 28, T. 11 S., R. 11 E. The drainage area
above the station is 347 square miles. Only a few small private
irrigation ditches divert water above the gaging station. There are
no diversions between the station and the mouth of the river, and
miscellaneous measurements indicate that the flow at the mouth is
the same as at the station. Records of monthly discharge for this
station are good.

Monithly discharge, in second-feet, of Meiolius River at Riggs ranch, near Sisters,
(grey., for the years ending September 30, 1908—-1912

Month Maximum | Minimum Mean Ra%'?fgeitn
1908-9
October 22-31 _ _ - oo o e 1,740 1,490 1, 550 30, 700
1, 650 1,49 1,510 89, 800
1,570 1,410 1,470 90, 400
2,320 1,410 1,650 101, 000
1,830 1, 570 1,640 91,100
1,650 1,570 1,620 99, 600
1,650 1,570 1,610 95, 800
1,740 1,570 1,640 101, 000
1,830 1,650 1,710 102, 000
1,650 1,570 1,610 99, 000
1,650 1,490 1,530 94,100
1, 530 1,410 1,470 87, 500
- N R 1, 080, 000
1,490 1,410 1,450 89, 200
2, 890 1,410 1,870 111, 000
2,020 1,570 1,730 106, 000
1,880 1,530 1,610 99, 000
1,920 1,570 1,610 89, 400
2,710 1, 2,090 129, 000
1, 830 1,700 1,750 104, 000
1,920 1,700 1,740 107,000
1,740 1,610 1,650 98, 200
1,610 1,570 1,600 98, 400
1,570 1,490 1,540 94, 700
1,530 1, 450 1,490 88, 700
3, 890 1,410 1,680 1,210, 000
1910-11
1,830 1,450 1,490 91, 600
1,920 1,450 1, 580 94, 000
1,830 1,530 1,610 99, 000
1,650 1,490 1,520 93, 500
1,490 1,410 1,490 82, 800
1,650 1,410 1,490 91, 600
1,570 1,490 1, 550 92, 200
1,650 1,570 1,610 99, 000
1,830 1,650 1,670 99,400
1,650 1,570 1,620 99, 600
1,570 1,490 1,500 92, 200
1,570 1,490 1,490 88, 700
1,920 1,410 1,550 | 1,120,000
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Monthly discharge, in second-feet, of Metolius River at Riggs ranch, near Sisters,
Oreg., for the years ending September 30, 1908—1912—Continued

Run-off in
Month Maximum | Minimum Mean acre-feet
1,490 1,410 1,440 88, 500
1,570 1,410 1,470 87, 500
1,490 1,410 1,420 87,300
2,020 1,330 1, 590 97, 800
2,430 1,650 1, 860 107, 000
1,830 1,650 1,680 103, 000
1, 740 1,650 1,660 98, 800
2,020 1, 650 1, 760 108, 000
2,120 1,740 1,800 112, 000
1,740 1,650 1,660 102, 000
1, 830 1,650 1, 660 102, 000
1,650 1,490 1,580 94,000
The year. 2,430 1,330 1,640 1,190, 000

METOLIUS RIVER NEAR GRANDVIEW

A station has been maintained since October 1, 1921, on the
Metolius River in the NE. ¥ sec. 19, T. 11 S,,°R. 11 E., at the Mont-
gomery ranch, 11 miles above the mouth of the river and 10 miles
northwest of Grandview post office. A vertical staff is placed on the
right bank of the river. The maximum stage recorded was 3.32 feet
on January 7, 1923, when the discharge, from approximate extension
of the rating curve, was 5,780 second-feet. The minimum discharge
was 1,300 second-feet, October 1-30 and December 18-25, 1924,
There are no diversions and no regulation above the station.

Monthly discharge, in second-feet, of Metolius River near Grandview, Oreg., for the
years ending September 30, 1922-1926

. - Run-off in
Month Maximum | Minimum Mean acre-feot
1,610 1,450 1,490 91, 600
3,870 1, 450 1,820 108, 000
3,710 1,610 2,010 124, 000
1,610 1, 500 1, 530 94,100
1, 500 1,450 1,480 82, 200
1,500 1,450 1,470 90, 400
1,660 1, 660 1,610 95, 800
1,830 1,610 1,720 106, 000
1,950 1,720 1,870 111, 000
1,720 1, 500 1,610 99, 000
1, 500 1, 500 1, 500 92, 200
1, 500 1,400 1,450 86, 300
3,870 1,400 1,630 | 1,180,000
1, 400 1,400 1,400 86,100
1,610 1,400 1,410 83, 900
1,830 1,400 1, 500 92, 200
4,370 1,610 2,250 138, 000
1,610 1,500 1,550 86, 100
1,610 1,500 1, 550 95, 300
1,720 1,660 1,680 100, 000
1,830 1,610 1,770 109, 000
1,950 1,660 1,730 103, 000
1,830 1,660 1,720 106, 000
1,610 1, 500 1, 560 95, 900
1, 500 1, 450 1,480 88,100
4,370 1,400 1,640 | 1,180,000
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Monthly discharge, in second-feet, of Metolius River near Grandview, Oreg., for the
years ending September 30, 1922-1926—Continued

Month Maximum | Minimum | Mean l}zuc?e‘?fge]tn
1923-24

October- o o e 1,450 1,450 1,450 89, 200
November 1,950 1,400 1,470 87, 500
December. 1, 660 1,400 s 89, 800
January._ 1,660 1,450 1,490 91, 600
February 1,610 1, 500 1,580 90, 900
ar 1, 500 1,400 1,450 89, 200
April . 400 1,400 1,400 83, 300
% £: S 1,610 1,400 1,480 91, 000
June. . 1, 500 1, 400 1,430 85, 100
Jubye 1,450 1, 400 1,410 886, 700
Auvgust.___.______._____ 1,400 1,350 1,370 84, 200
September. e 1, 400 1, 300 1,340 79, 700
The year. S 1,950 1, 300 1,440 | 1,050,000
1, 400 1, 300 1,300 79, 900
2,480 1, 350 1, 510 89, 800
1,720 1,300 1,400 86, 100

2,200 1,450 1, 590 97,
2, 930 1,720 2, 114, 000

1,720 1, 560 1,620

1,950 1, 1, 650 98, 200
2, 340 1,610 1,770 109, 000
1,720 1, 660 1, 700 101, 000
1, 660 1, 560 1, 98, 400

1, 560 1,450 1,500 92,
1,450 1, 400 1,440 85, 700
2,930 1,300 1,690 | 1,150,000
1, 400 1, 400 1,400 86, 100
1, 450 1, 400 1, 400 83, 300
1,720 1,400 1,420 87, 300
1,400 1,350 1,370 84, 200
2,070 1,350 1,570 87, 200
1, 500 1,400 1,450 89, 200
1, 500 1,450 1,460 86, 900
1, 500 1,400 1,460 89, 800
1,450 1,400 1, 410 83, 900
1, 400 1,350 1,370 84, 200
1,400 1, 300 1,320 81, 200
1, 300 1,300 1, 300 77,400
2,070 1,300 1,410 1, 020, 000

SHITIKE CREEK

Shitike Creek, the only perennial stream that enters the Deschutes
River between the Metolius River and Mecea, rises on the east slope
of the Cascade Range and flows eastward to the Deschutes, which
enters 1% miles above the Mecca gaging station. (See fig. 5.) A
gaging station on Shitike Creek was located in the NE. ¥ sec. 26, T.
9 S, R. 12 E,, at Warm Spring, about 2 miles above the mouth of the
creek and below all tributaries. The records are good, except for
high water and for certain periods not covered by measurements.
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Monihly discharge, in second-feet, of Shitike Creek at Warm Spring, Oreg., from
June 11, 1911, to October 31, 1916, and from April 1, 1928, to September 30, 1925

Month Maximum | Minimum Mean Ra%rnegg,{;n
1911
June 11-30 U8 120 151 5,970
July... 134 66 93.2 5,730
Al 75 50 59.8 3,680
Septemb 86 50 61.9 3,680
The period .- oo e femm e c s m e | e 19, 060
1911-12
686 57 57.3 3, 520
147 57 72.9 4, 340
75 57 63.6 3,910
593 57 172 10, 600
383 112 195 11, 200
265 190 212 13, 000
190 102 135 8, 030
296 112 188 11, 600
338 148 200 11, 900
161 102 125 7, 690
102 66 80.2 4,930
112 58 67.2 4,000
593 57 131 94, 700
73 58 62.5 3,840
112 66 83.9 4,990
149 73 83.5 5,130
156 76 104 6,400
130 76 92.1 5,120
405 96 122 7, 500
365 140 191 11, 400
295 128 178 10, 900
260 176 195 11, 600
295 151 161 9, 900
August.._.. 151 7 95.4 5,870
September 84 72 77.8 4,630
405 58 121 87, 200
295 77 106 6, 520
128 70 6.5 5,150
91 77 85.9 5,280
245 84 105 6, 460
128 70 79.6 4,420
176 91 131 8, 060
216 91 118 7,020
151 100 122 7, 500
128 91 108 6,430
151 70 90. 4 5, 566
August 70 63 63.9 3,930
September 100 63 80.8 4,810
295 63 98.2 71,100
122 62 78.9 4,850
147 62 93,2 5,550
31 B SR, 87.4 5,370
100 g 63.8 3,920
90 54 60.4 3,350
122 59 90.6 5, 570
134 100 116 6, 900
175 100 118 7,260
134 62 82.5 4,910
90 47 67.7 4,160
47 41 41 8 2, 570
47 36 41.2 2, 450
175 36 78.5 56, 900
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Monthly discharge, in second-feet, of Shitike Creek at Warm Spring, Oreg., from
June 11, 1911, to October 81, 1916, and from April 1,1923, to September 30, 1926—

Continued

Month

Minimum

Mean

Run-off in
acre-feet

1915-16

2,550

8,630

7,750

6,700

15, 800

12,900

11,900

11,300

13,300

13,100

6,520

4,990

115,000

3,970

10, 500

12, 400

10,200

9,470

5,020

3,810

51,400

58 4,300
55 4,620
72 6,760
218 66 92.3 5, 680
22 88 132 7, 590

8 66 3.5 452

95 69 79.4 4720
145 88 11 6,820

85 58 68.9 4,100

58 39 46.7 2,870

3 32 36.2 230

g 32 36.1 2,150
370 32 77.9 56,

72 37 45.5 2,800
440 52 105 6,250
520 87.7 5,390
392 77 136 8, 360
45 12 219 12,200
123 99 116 7,130
310 15 163 9, 700
410 131 189 11, 600
172 108 131 7,800
18 76 106 6,460

87 56 68.3 4,200

67 46 53.5 3,180
530 37 118 85,100

MISCELLANEOUS MEASUREMENTS

All the miscellaneous measurements that have been made in the

middle Deschutes Basin from 1897 to 1927 are given below.

These

records are invaluable for the determination of the quantity of
ground water in the basin, and they are discussed further on page 204.
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Miscellaneous discharge measuremenis in the middle Deschufes Basin, Oreg.,

1897-1927
- — Dis-
Date Stream Tributary to Locality charge
i " Sec.-ft.
July 16, 1914 Deschutes River..| Columbia River___| Fon;x‘ler Cline Falls gaging station_______ 604
..... 0. 317
........................ 1,720
_____ - L%
I n20
| 4 mues below Tetherow Bridge.. --| 1,400
Above mouth of Metolius River_ {1, 600
Sisbers, above diversions. . 49
50
46
isters 10
1 InT.148, R 14 E 41.8
Tranleigssmg,NE ysec 33,T 138 7
Oct. 29, 1919 do QO 61
Nov. 28, 1925 [ 0 T, ﬂn _____________ . 110
Aug. 13, 1927 do JEVRRPRN FRSRVSORY s {« JOS USSR 25.6
Aug. 14, 1927 e mmm e NE. }/sec 24, T.13S.,, R.12E 67
Oct. 29, 1919 Gates ranch, sec. 14, T, 13S R.12E___| 301
Nov.29,1925 |__._.do. .o oo | cooe@Omaceeo_ Above Opal Springs, NE. }/ sec. 33, T. 841
128, R. 12 E.
Mar. 26, 1912 Allenranch sec. 14, T.128,,R. 9 E
June 22, 1915 do.
Oct. 17, 1906
Aug. 26, 1908
o Estimated.

QUALITY OF SURFACE WATER

The quality of the surface waters in the basin has been well de-
scribed by Van Winkle.? He says:

Deschutes River proper drains a region in which the exposed rocks are Tertiary
lavas, tuffs, and basalts, and the mineral matter carried in solution is made up
largely of salts of sodium, chiefly bicarbonate, leached directly from the dis-
integrating rock material. The total amount of dissolved matter carried is small,
averaging at Bend between 65 and 75 parts per million and at the mouth about 25
parts per million more. Seasonal variations in mineral content, at least above
the confluence of Crooked River, are very small, owing to the remarkable con-
stancy of volume of the run-off. The water of the upper Deschutes is excellent
for irrigation, industrial, or domestic use. The amount of soap consumed by
the hardening constituents in it is trifling, no treatment is in general required
to prevent formation of scale in boilers, a quarter of a pound of lime to a thousand
gallons of water at most being an ample corrective, and the water will not foam
or cause corrosion in boilers. Though the water is soft it contains sufficient
gas and disolved mineral matter to render it palatable and wholesome. With
proper precautions against contamination by human agencies the water is almost
ideal for domestic use. As almost no suspended matter is carried by it, no trouble
from silting up of reservoirs or sedimentation basins need be feared. In short,
the water compares favorably with the better waters used for municipal supply
in this country or in Europe. Though not so low in mineral content as Portland’s
supply from Bull Run, it is superior in this respect to the new supply of Los
Angeles from Owens River, to the present supply of San Francisco, to supplies
of any of the middle western cities, and to many of those on the Atlantic seaboard.

%8 Van Winkle, Walton, in Henshaw, F. F., and others, in Deschutes River, Oreg., and its utilization:
U. 8. Geol, Survey Water-Supply Paper 344, pp. 85-86, 1914,
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Crooked River furnishes only a small quantity of water to the Deschutes but is
its chief tributary in point of size of drainage area. It flows from the highlands
in the southeastern corner of Crook County westward to the Deschutes, which it
enters below the mouth of Opal Canyon, The drainage basin is almost completely
covered with tuffs and lavas and contains only a few exposures of Tertiary lake
sediments. Though the water is of the same general type as that of Deschutes
River it is less uniform in quality, much harder, and less free from suspended
matter, owing to the much greater fluctuations in discharge to which it is subjec?.
The marked seasonal variations in quality influence the water of the Deschutes
very little because of the relatively small rur-off of Crooked River, and the water
below the confluence of the two streams is still of good quality and only slightly
harder than the water at Bend. During high water the mineral content of Crook-
ed River water is nearly the same as that of Deschutes River, and it is only at
low water that high mineralization and consequent poorer quality are apparent.
The chief effect of Crooked River on Deschutes River is the increased charge of
suspended matter imported by it, but even this is not enough to increase the tur-
bidity of Deschutes River to a very great amount. '

In speaking of the Crooked River, Van Winkle evidently refers to
the portion of the basin above the sampling station near Prineville.
The large inflow to the river from springs below Trail Crossing tends
to render the character of the water at the mouth less dissimilar to the
upper Deschutes than it is at the Prineville station.

The good quality of the water for domestic supplies in the Des-
chutes Basin is likely to continue because of the foresight of the Ore-
gon Legislature. In 1911 a law was enacted making it unlawful for
any person, company, corporation, or city to contaminate the waters
of the Deschutes River or its tributaries. This law required the towns
in the basin to provide for the disposal of sewage other than by dis-
charging it into surface streams.

GROUND WATER

WELL RECORDS

Records were obtained of all the wells in the middle Deschutes
Basin. Practically all the wells that were drilled to the water table
are successful, except those close to Round Butte. The location of
the wells and the altitude of the water surface in them are shown on
Plate 10. The records of the wells are tabulated below. The 200-
foot contours of the water table shown on Plate 10 were drawn from
these data. Many of the dug wells are developed hillside seeps and
go dry in the summer. They were not used in plotting the water
table. The quality of the well water is excellent.
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The logs of certain wells and numerous reliable data on the water-
bearing formations in them were furnished by Mr. W. H. Marsh,
assistant chief engineer of the Oregon Trunk Railway, and Mr. H. C.
O’Neel, assistant engineer of the Oregon-Washington Railroad &
Navigation Co. They throw considerable light on the stratigraphy
and the occurrence of ground water. These logs are given in the
following tables:

Record of Oregon-Washington Railroad & Navigation Co.’s well at Madras, Oreg.
[No. 2, pl. 10. Altitude, 2,375 feet]

Thick- Thick-
ness Depth ness Depth
Feet Feel
112 || Volcanicash._.___. . __.._..___. 228
121 || Kaolin @ and lava. 285
137 || Kaolin ¢ and voleanic ash__ 203
148 || Volcanicash___._._________ 300
187 || Lava and volcanic ash_ 330
198 |; Volcanicash __.._______. 356
206 || Mixed rock and 390
220 || Gravel filled with w: 415
s Probably fine white ash or diatomite.
Record of Oregon Trunk Railway well No. 1 at Metolius, Oreg.
[No. 3, pl. 10. Altitude 2,500 feet]
Thick- Thick-
ness | Depth ness | Depth
Feet Feet Feet Feet
Dark soil 3 || Brownsand______ 10 400
Light-gray, fairly hard cemented Cemented gravel 34 434
avel . __._.__ 18 21 || Soft red sandsto: 6 440
Black and dar] 22 43 || Sandy brown clay 95 535
Black basalt__ 14 57 || Sharp black gravel 15 550
Red basalt_.__ 10 67 || Coarse black gravel. 10 560
Blue basalt._.____. 15 82 || Brown gravel_____ - 10 570
Porous blue basalt 2 84 || Soft brown shale. - 35 605
Fairly hard gray cemented gravel._| 15 99 || Black sandstone___._._.__________ 18 623
Soft blue sandstone____.__._______ 30 129 || Soft red sandstone; first water____ 42 665
Fairly hard voleanic conglomerate 50 179 || Hard brown sandstone. .......__. 30 695
Soft red volcanic ash and partly Soft red sandstone 30 725
cemented gravel ________________ 34 213 || Hard black rock. 120 845
Fairly soft voleanic congl 77 290 || Soft black rock . .. 33 878
Coarse gravel___.. 3 293
Partly cemente
drilling_ ... 97 390
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Record of Oregon Trunk Railway well at Opal City, Oreg.
[No. 22, pl. 10. Altitude, 2,859 feet]

Thick- Thick-
ness | Depth ness Depth
Feet Feet

Soil and cemented gravel.________ 12 12 1,101
Hard black rock and boulders._.. 16 28 1,119
Loose brown cinders._..__..._..__ 19 47 1,121
Hard black rock and boulders.-,_ 92 139 1,137
Loose cinders. 75 214 1,157
Medium hard cemented gravel .. 24 238 1,165
Hard black basalt __...____.______ 157 395 - 1,228
Soft volcanic conglomerate_____._ 184 570 ock - 1,38
Soft yellow shale____.____________. 51 630 || Green rock or shale; third water;
Medium hard cemented gravel _ . | 65 695 water rose 740 feet to 605 feet__.. 17 1,345
Soapstone (?), caving; first water; Hard black rock . ________.___._ 61 1,406

water rose 20 feet to 695 feet. .- 20 715 || Hard brown roek...__...._...._.. 8| L4l
Soft brown shale._._.._..________| 45 760 || Red rock; fourth water; water ross s
Soft yellow shale____ 89 849 890 feet to 580 feet. ... 56 1,470
Soft conglomerate 41 890 § Dark-brownrock. _____..__.___.... 10 1, 480
Soft blue shale._ 30 920 § Black rock; fifth water; water
Soft red shale. 48 968 dm'pped in well to 657 fest below
QGray rock; second water; water 150 1,630

rose 354 feet to 630 feet__________ 16 984 15 1,645
Green rock and shale, medium 30 1,675

hard ... 6 990 || Green shale; sixth water; water
Hardgrayroek. ... o oo 10 1,000 remained at 657 feet below sur-

reenshale .. ____ . ... ___.____ 1,002 -0 S 15 1,690
Brownshale .. ________.___ 1,056

WATER TABLE

The water table for the area north of the line hetween Tps. 12 and
13 S. is shown on Plate 10 by 200-foot contours. The contours are
not shown south of this line because there are too few wells in that
area to give the necessary data. In a general way the water table
slopes gently northward for about 6 miles from the southern boundary
of the area. From the north side of T. 14 S. the gradient increases,
owing to the deepening of the Deschutes and Crooked Canyons, until
in T. 11 S. the water table has a gradient of about a hundred feet
to the mile. The general northward slope of the water table in the
basin is disturbed by the ground water discharged into the basin from
the mountains on the east side, which produces a steep northwestward
gradient. This steep gradient is doubtless due in part to the fact that
the formations in this area are less permeable than in the middle of
the basin, and in part to the cascade of the ground water into ex-
tremely permeable lava beds that are drained. northwestward by the
Deschutes Canyon. Thus in the region between Haystack Butte and
Round Butte the water table slopes steeply to the northwest, with a
gradient of more than 200 feet to the mile,

Ground-water investigations were not carried far enough west of
the basin to determine the shape of the water table in that area, but
a hurried reconnaissance indicated that the ground water flows
northeastward in that area and ultimately discharges into the
Deschutes Canyon as springs.
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The numerous springs in the Deschutes and Crooked Canyons
doubtless derive their main supply of water from the vast area of
subdrained, permeable, fissured lava beds in the upper Deschutes
Basin. The geologic structure indicates that the springs from inter-
stratified beds of basalt on the west wall of the Crooked River Canyon
in secs. 10 and 14, T. 13 S,, R. 12 E., near the Gates ranch, are due to
leakage from the Deschutes River. Their origin is discussed in detail
on page 199. A large part of the ground water comes also from
leaking canals and return irrigation water near and south of Terre-
bonne. It is reported by water masters in that vicinity that less than
one-half of the immense amount of water diverted from the Deschutes
River near Bend ever reaches the irrigated area because of the.great
leakage into the basalt through which the canals are constructed.
Furthermore, the amount of water used on the land irrigated is large
because of the seepage through the shallow soil into the permeable
basalt beneath the surface. All the water lost in this way ultimately
reaches the Deschutes or the Crooked River and issues in the form of
springs. The numerous buried channels near Terrebonne, together
with their buried tributaries, also collect great quantities of ground
water from an extensive area to the south and east.

WATER IN SEDIMENTARY ROCKS
WATER IN THE CLARNO (?) FORMATION

Wells 16, 17, 19, 20, and 21 are in the area of the Clarno (?) forma-
tion and are shown on Plate 10. Wells 15, 18, and 22 may derive
their supply of water from these same beds. A few other wells in
T.13 S., R. 14 E,, outside the area mapped, were visited in order to
obtain additional dats on the water-bearing characteristics of this
formation. These beds wherever exposed have the appearance of
being poor water bearers. Many of the beds consist of fine-grained
tuff resembling shale, and others are massive and only sparingly
jointed.

Well 29, belonging to Dayton Grant, in sec. 19, T. 12 S,, R. 14 E.,
obtained a good supply of water from this formation. It is on a hill
and is reported to be 190 feet deep. The depth to water is about 75
feet, and the water stands about 2,845 feet above sea level. Mason
Grant, the driller, states that in this well he struck 185 feet of blue
puttylike clay from which there was a small seep of water at 130 feet.
Below the clay there is 3 feet of red rock and 2 feet of pumice, the
pumice full of water.

Well 30, owned by Mason Grant, in the SE. % NE. % sec. 30,
T. 12 S, R. 14 E, lies at an altitude of about 3,000 feet. This well is
298 feet deep, and the water stands 208 feet below the surface. A
small seep was encountered at 130 feet, but at 290 feet a crevice was
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struck that yields a large amount of water. A small pump with a
capacity of 400 gallons an hour can not pump it dry.

Well 10 derives its supply at 560 feet from a soft red rock, possibly
a sandstone member of the Deschutes formation but more probably
a red tuff of the Clarno (?) formation. This conclusion is based on
the fact that more of the Clarno (?) beds are red than those of the
Deschutes formation.

Well 15 is supplied from a gravel bed, 2 feet thick, 690 feet below
the surface. This gravel bed appears from the log to be a member of
the Clarno (?) formation. The owner has developed a hillside seep
by a dug well (No. 14) which saves considerable pumping during the
spring. After this dug well goes dry it is utilized as a reservoir, and
water from the drilled well (No. 15) is lifted into it. Such a system
is economical and enables the owner to have gravity water in his house.

In general it may be said that drilled wells in this formation are
successful and yield ample water for domestic purposes. There seems
to be no clearly defined water table, and wells are brought in at various
depths according to the depth of a permeable bed or crevice. The
pervious beds of the formation seem to be filled with water even at
shallow depths. Well 21 obtained a good supply of water at 82 feet.

Shallow dug wells are in general unsuccessful in this formation,
although a few have been developed from hillside seeps with success.
Such wells are mainly catchment basins for the spring run-off from
banks of snow and the locally saturated adjacent ground. Although
these dug wells all go dry during the summer, yet they save the farmer
hauling water for several months each year.

WATER IN THE DESCHUTES SEDIMENTS

The sedimentary deposits in the Deschutes formation consist of
silt, sand, gravel, diatomite, tuff, pumice, and volcanic agglomerate.
(See pl. 13, A.) The beds of sand and gravel in this formation that
lie in the zone of saturation and are not consolidated yield supplies
of water sufficient for domestic use. However, very few of the great
number of springs issue from the sedimentary beds of the Deschutes
formation in either the Deschutes or the Crooked Canyon; hence they
must be as a whole less permeable than the basalt members of this
formation. Because of the fluviatile origin of most of the beds they
are in many places cross-bedded and lens-shaped, and permeable beds
are not continuous over a very large area.

Fourteen wells have been drilled into the Deschutes formation in
the area shown in Plate 10. Eight of them obtained water in sedi-
mentary beds. Well 22, which has been included in the group,
obtains some water also from igneous rocks, but it is highly probable
that the last water struck in this well comes from the Clarno (?) tuffs
rather than from the Deschutes sediments. The logs of two of the
wells are unknown. Four of the wells are supplied from igneous
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rocks in the Deschutes formation if well 18 is inciuded, and five if
well 22 is included. The yields from the wells vary according to their
depth or location, and it has been found that the deepest wells do
not necessarily yield the most water.

- Well 1 is reported to be 800 feet deep. It was finished in ash at a
cost of $4,500. According to the owner’s statement, he can pump
only 400 gallons a day from this well. At about 475 feet water was
struck in lava rock but was insufficient for domestic purposes. This
well was almost a failure, but at greater depths sufficient water for
domestic and stock use was obtained. The cause of the low yield
was not the lack of permeable beds but the draining of the aquifers
by Deschutes River, which lies only 3 miles west and 170 feet lower
than the bottom of the well. Deeper drilling at this place would
probably not develop much additional water.

Well 2 obtains its water from & bed of gravel in the Deschutes
formation at the bottom of the well. In 1924 60 gallons a minute
was pumped from this well during a 72-hour pumping test, without
any appreciable lowering of the water level in the well. This test
shows that some of the Deschutes sedimentary beds are good aquifers.

Well 3 obtains its water at 665 feet in pink sandstone of the Des-
chutes formation. Its yield is sufficient to supply the town of
Metolius with water and also some of the adjacent ranches.

Well 4 is 1,300 feet deep and is cased for 1,077 feet. A little water
was struck at 750 feet but not enough for domestic and stock use.
At 1,295 feet black clay was encountered which caused the tools to
stick. The yield from this well was only 1% barrels a day, so it was
capped. This hole extends 305 feet lower than the surface of the
Deschutes River, which flows 2% miles west of the well. The owner
knows very little about the material in the hole; hence it is difficult
to explain why the well was a failure. He states that only 100 feet
of lava was encountered. This lava may have been the Pelton basalt.
It is interesting to note that in the canyon wall of the Crooked River
nearest to the well there are no intercalated beds of lava in the Des-
chutes formation above the Pelton basalt member. The fact that
there existed around this well an area which, during the eruption of
the several intrasedimentary basalts, was not flooded with lava until
the rim-rock basalt issued suggests that the well may have penetrated
some peculiarity of structure or buried outlier of impermeable shale
belonging to an older formation.

Well 6, only 1 mile southwest of well 4, obtained plenty of water in
the Pelton basalt 695 feet below the surface, a result which gives
further support to the suggestion above made regarding well 4.

Well 7 obtains a good yield from a bed of black lava sand that is
presumably in the Deschutes formation, although it is very close to
some outliers of the Clarno (?) formation, (See pl. 10.)
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Well 8 is 30 feet deep and is dug into basic tuff in a dry gulch.
Near by, within 1 acre, are nine other wells belonging to farmers in
the vicinity. For years this was the only locality in this area where
water was known, hence each farmer dug a well in this little gulch and
hauled his water from it. In the last few years most of these wells
have been abandoned because wells have been drilled on the owners’
property. The water in these dug wells is derived from the under-
flow of an ephemeral stream that flows northward from the Haystack
country.

Dry dug well 26 represents an earnest but unwise effort to obtain
water by digging in' the Deschutes formation in this locality. It lies
less than half a mile from the Deschutes Canyon where the canyon
is 750 feet deep. 'The well is 210 feet deep, and much labor could have
been saved if the owner had realized that owing to the absence of
perched springs in the canyon a well at least 700 feet deep would have
been necessary at this place to obtain water.

It is concluded from the data above set forth that the yield of wells
in the sedimentary beds of the Deschutes formation is extremely
variable and may, in places, be insufficient for even domestic use.

WATER IN ALLUVIUM

According to the statement of J. Southman, of Madras, dug wells
in the alluvium of Willow Creek formerly contained water throughout
the year. Water was obtained for three or four years in these wells,
after which they dried up each summer. At that time Willow Creek
flowed until May each year, which it now rarely does. Indigging
through this alluvial fill in the valley dry lava is struck. The change
in the dug wells in Willow Creek near Madras may be due to the ex-
tensive dry farming that is now being carried on in its drainage basin.
However, water occurs in the Willow Creek Valley about 2% miles up-
stream from Madras and 3 miles east of Metolius, in a well about 10
feet above the creek bed. On August 12, 1925, when the creek was
dry, the depth to water in this well was 25.8 feet. This well, however,
derives its water from the Deschutes sedimentary beds rather than
from the alluvium. These beds probably have a lower percolation
factor than the alluvium at Madras, and hence water seeps into the
well throughout the year. Moreover, this well is seldom used, and
the water in it may be only stagnant water that seeped in from the
creek during the spring.

Wells 13 and 25 are both shallow wells in ephemeral creek beds and
apparently yield a little water throughout the year,
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WATER IN IGNEOUS ROCKS
WATER IN THE TRAIL CROSSING BASALT

The Trail Crossing basalt wherever exposed in this basin is minutely
fractured but tightly jointed and gives the appearance of being a
poor aquifer. No clinkery or aa beds are exposed. If beds of aa
basalt occur in the basin there is a possibility of obtaining large
yields of water, provided these beds lie in the zone of saturation.
Only one well in the basin, well 23, is known to obtain its water from
this basalt. It is near the southeast corner of the SW. ¥ see. 27,
T.13 S, R. 13 E., and is known to be more than 240 feet deep, for there
is 240 feet of pump pipe in the well. The renter reports that the water
from this well tastes of sulphur and that the well is easily pumped
dry with a small lift pump. A small spring discharges about 1 quart
a minute from the basalt in sec. 1, T. 13 S., R. 13 E.

Well 18, in sec. 5, T. 13 S., R. 13 E., is 852 feet deep and is unsuc-
cessful. This well has an unusual history, and the log could not be
ascertained accurately enough to interpret the exact stratigraphy.
The driller and owner, who are both familiar with the diatomite
deposit near Terrebonne, state that 45 feet of diatomite was drilled
through in this well between 70 and 115 feet below the surface. This
indicates that the well penetrates the Deschutes formation, which is
at least 100 feet thick at this well, although the nearest outcrops
are members of the Clarno (?) formation. At 630 feet a small seep
yielded 6 gallons in 24 hours from a medium-hard light-gray rock.
At 775 feet a small trickle was encountered that furnished 100 gallons
in 24 hours. The water comes from a tough, hard rock, probably
diabase. Mason Grant, the driller, states that the first 404 feet
was drilled in 13 days and that the last 200 feet of the well took three
or four months. The owner believed that the yield of the well could
be increased by ‘‘shooting it,” so they lowered several hundred pounds
of dynamite on the end of ordinary barbed wire into the hole and dis-
charged it. The explosion at that depth caused only a sharp thud
in the immediate vicinity of the hole and nothing blew out of it.
The barbed wire was unrolled from a spool and evidently coiled up in
the hole as the dynamite went off. At any rate, the hole was very
effectively plugged by balls of wire. The driller spent several months
fishing out the wads of wire, and the hole had not been entirely
cleaned out when the writer saw it. The last 200 feet or so is prob-
ably in the Trail Crossing basalt, although there is a slight possibility
that the hole was drilled into a basaltic neck or plug.

On the basis of observations and the record of the wells, it is believed
that the Trail Crossing basalt is a poor water bearer and scarcely
worth exploring for water in this basin.
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WATER IN ANDESITE

Insufficient field work was done on the andesite in the area to decide
regarding its capacity as a water bearer. In the outcrops observed
it is dense, massive, and tightly jointed, giving the appearance of
relative impermeability. No wells or springs occur in it, and without
further proof of its water-bearing capacity, it is classed as a poor
aquifer. Wells in it will probably have small yields or will be

failures.
WATER IN THE BASALT MEMBERS OF THE DESCHUTES FORMATION

All the basalt members of the Deschutes formation are pervious,
as is testified by the immense number of springs that issue from them,
They are all flows, and because of their similarity of stracture and
water-bearing characteristics they are discussed together to avoid
repetition. Whether water occurs in them in this basin depends
entirely upon whether they lie in the zone of saturation or have not
been completely drained by the surface streams that expose them.

The open spaces in this basalt through which water can circulate
are enumerated in order of their volume as follows: (1) Large open
spaces at the contact of one lava flow with another, or of a lava flow
with the underlying formation; (2) interstitial spaces in cinders
and aa lava formed during deposition; (3) open spaces in joints due
to shrinkage of the basalt at the time of cooling; (4) tunnels or
caverns formed by the draining away of subterranean rivers of lava
during the final phases of eruptions; (5) vesicles and cavities due to
the expansion of gases during the cooling of the lava; (6) tree moldsre-
sulting from lava surrounding trees and solidifying before the wood
has burned away.

The slaggy contact of one flow with another is the principal passage-
way for ground water in the basin. These contacts are usually recog-
nized in drilling by a thin layer of easily drilled lava rock, com-
monly red and lying between two layers of hard blue or black lava.
Many of these contacts are visible in the walls of Crooked and
Deschutes Canyons, and from some of them issue innumerable springs.
(See pl. 17, B.) The crust of these basalt flows is generally rough
and broken, because of the sudden chilling of the lava and subsequent
movement of the flow. Inundation by another lava flow never com-
pletely fills these irregularities, and the bottom of the overlying
flow is usually slaggy for several feet above the contact, owing to the
accumulation of doughy masses of lava that cooled from beneath while
the flow was in motion. A fine example of such a contact may be
seen 105 feet above the river at Opal Springs, on the east wall of the
canyon.

Open slaggy contacts result also at the base of a lava flow where it
rests upon sedimentary rocks. The permeability of such contacts
is variable, for in some places the lava fits tightly to the underlying



198 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1930

bed, as shown in Plate 12, B, while in other places the two may be
separated by a cavern large enough to walk through, as shown in
Plate 17, A.

Immense volumes of water can flow through the interstitial spaces
in cinders and aa lava. In this basin, however, cinders and aa lava
are much less common than the regularly jointed basalt known as
pahoehoe and hence they play a much less effective part than in many
other lavaregions. Furthermore, the cinders and aa basalt that are
known in the basin lie above the zone of saturation. Cinders are
present in several of the wells, notably in 22 and 5. In well 5 there is
84 feet of cinders below 221 feet of conglomerate. Although not
prominent in the zone of saturation, good-sized deposits of both cinders
and aa basalt occur in the zone of aeration, where they doubtless serve
as efficient intake beds. The area of the cinders on the surface of the
basin is shown on Plate 10.

Open spaces in the joints due to shrinkage of lava at the time of cool-
ing are so well known that they need no further description. They
can be seen in any of the basalt beds and in most of the photographs
shown in this report. The distance of gaping of the joints depends
chiefly upon the thickness of the flow and the slowness of cooling.
Many of the thicker flows are jointed, but the joints are tight and the
basalt is not very permeable, whereas the thin flows have more irregu-
lar jointing and are much more permeable.

Tunnels and caverns are formed in basalt by the draining away of
subterranean rivers of lava during the final phase of eruptions. They
are essential to the spreading out of such extensive sheets of basalt as
occur in the Deschutes formation. Their presence is indicated in wells
by the dropping of the drill when penetrating lava rock. No lava
tunnels were discovered during the investigation in this portion of the
Deschutes Basin, but many of them are known in the Bend region.
The immense volume of Opal Springs suggests that the water is concen-
trated in a lava tube before it reaches the surface.

Vesicles and cavities due to gas expansion in the lava at the tlme of
cooling are very common, especially near the tops of the flows. They
are not everywhere connected, and unless the lava is extremely cellular
they probably do not allow any great amount of water to circulate.
However, the fact that the vesicles in most of the ancient basalts are
filled with minerals deposited from percolating waters indicates that
some circulation of water takes place even through these small and
apparently disconnected cavities.

Tree molds formed by lava surrounding a tree and solidifying
before the wood has completely burned away are roughly circular
holes 1 to 3 feet in diameter and as much as 40 feet deep. None were
seen in the basin, but this is not surprising because most of the flows
are covered with soil. Tree molds were found by the writer in lava
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flows near Bend. It is an established fact based on observations in
the Hawaiian Islands that many tree molds act as conduits for streams
of underground water. They occur only locally, hence they are
probably the least important water-bearing features in the lava.

Dikes or feeders to volcanic vents are not exposed in this basin.
They must exist, however, for fissure eruptions occurred during the
extravasation of the rim-rock basalt. They are impermeable and in
places act as barriers to the circulation of ground water. The effect
of dikes in the basin could not be ascertained.

Wells that penetrate the basalt members of the Deschutes forma-
tion that lie in the zone of saturation yield ample supplies of water,
and for large supplies these beds should certainly be explored.

WATER IN THE INTRACANYON BASALT

The main mass of the intracanyon basalt in the basin lies above the
water table and hence does not contain water. The fact that it con-
tains practically all the features described above indicates that in
itself it is permeable. Moreover, near Trail Crossing several springs
issue from it. South of this area it is thinner and will doubtless yield
water when tapped by drilled wells. The water will occur near the
base of the formation, and hence holes several hundred feet deep may
be necessary. It is believed that wells will be successful when drilled
into it along the axis of the buried valleys north of Tetherow Bridge,
but wells on either side of the buried valleys may fail to yield suf-
ficient water.

. SPRINGS
SPRINGS IN CROOKED RIVER CANYON

Hundreds of springs occur in the Crooked River Canyon, and many
of them are so close together that they issue as sheets of water. The
largest are Opal Springs. (See pp. 200-203.) A great number of
springs issue in the bed of the Crooked River where they can not be
definitely counted, and others issue in the talus slopes and flow into
the river unseen.

The first large group of springs downstream from Trail Crossing
is near the Gates ranch, in sec. 14, T. 13 S, R. 12 E. The water
of these springs has been collected in a flume for the development of
power, and because they are typical of the other springs in the canyon
they warrant further description. These springs discharge about
20 second-feet of clear, sparkling water which had a temperature of
56° F. on August 20, 1925. About 25 feet above the river, which
flows on Deschutes sandstone, there is a bed of basalt 80 feet thick.
This bed is made up of three and in places four distinct lows. They,
were not all laid down during the same eruption, for a short distance
upstream there is s wedge of sandstone intercalated with them.
Most of the springs issue from the slaggy, open contact between the
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lowest bed and the one above it, but a few issue from the contact of
the second and third flows. The highest spring is 92 feet above the
river. Tunnels have been driven into the lava where many of the
springs issue. The longest of these tunnels is 185 feet long; most of
them are 25 feet or less. They follow the water southwestward and
usually rise along joints to the contact above, indicating that much
of the water issuing from the contact of the first and second flows
has dropped a short distance back of the canyon wall from the contact
between the second and third flows. A few small springs issue from
this same 80-foot bed of basalt on the east canyon wall, and a large
spring bubbles up in the river at this place.

The source of the water that issues from the lava on the west wall
is difficult to determine. It can not be many feet west of these springs
that the lava bed is again cut in two by the ancient channel of the
Crooked River of preintracanyon basalt time. The explanation must
be that the water has been concentrated into this ancient channel from
the region to the south and not unlikely by means of the buried
Deschutes Canyon, which has a ground-water connection through
interstratified basalt.” Itis forced to escape into the present Crooked
River Canyon either because of the extreme permeability of the 80-
foot interstratified bed of basalt at this place or because of a change
from a permeable to a relatively impermeable condition of the intra-
canyon basalt occupying the buried valley. The latter explanation
seems more plausible, for the interstratified basalt seems to be every-
where permeable, whereas the structure of the intracanyon basalt
changes considerably from place to place; hence it might easily form
a ground-water dam at this locality.

Another interesting group of springs that represent a perched water
table issue near Opal Springs. At this place half a dozen springs
pour out from the contact of an interstratified bed of basalt with the
underlying Deschutes sediments 105 feet above the river. (See fig. 8.)
They are collected into a flume and utilized for developing power.

A large spring issues from the Pelton basalt in the fore bay of the
Cove power plant at Cove Crossing, on the Crooked River. It is
impossible to estimate the discharge of this spring, because it is sub-
merged. Other springs issue on the bank of the river in this vicinity.
A profile of the Crooked River between mile 9 and mile 13 above its
mouth is shown in Figure 9 to illustrate the large number of springs
that issue along the river between these two points.

Opal Springs are in the NE. % sec. 33, T. 12S., R. 12 E,, on the east
bank of the Crooked River. They receive their name from the pol-

«ished siliceous pebbles that occurin the springs. Many of the pebbles
are translucent or transparent chalcedony that have a polish which
could not be improved by a lapidary. A few of the tiny pebbles are
shaped like cabochon opals ready for setting. People come from long
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distances to gather these natural
polished gems, and a few have been
mounted in jewelry. The pebbles
have been derived from siliceous veins
in the Clarno (?) formation and appear
to have been polished by rubbing
against one another in the spring
water.

Opal Springs have a mean annual
discharge of about 300 second - feet,
and on August 25, 1925, the water
had a temperature of 54° F. The
water discharges in a small pool at
the level of the river, but a consider-
able amount breaks out of the coarse
talus about 4 feet above the river and
tumbles into the pool. (See pl. 18,
A.) As the formation that yields the
water is buried, its character can not
be stated.

The Crooked River at Opal Springs
is flowing near the contact of the sedi-
mentary beds of the Deschutes for-
mation with the intracanyon basalt.
(See fig. 8.) The basalt forms a ver-
tical cliff about 350 feet high at the
west edge of the river. The east
bank consists of a steep talus slope
rising to a vertical cliff of interstrati-
fied basalt 105 feet above the river.
A steep slope broken by another
vertical cliff formed by interstratified
basalt at an altitude of 2,345 feet rises
above this lower cliff of basalt to the
rim-rock basalt. (See fig. 8) Numer-
ous springs issue from the basal con-
tact of the bed of basalt 105 feet
above the river. The talus slope ex-
tending from this bed to the river is
covered with water-loving vegetation,
indicating that the talus is saturated
with water, although most of the water
from the visible springs is collected
in a flume and used for the develop-
ment of power. The numerous springs
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flowing into the river from the talus at the river’s edge afford
additional proof that considerable water is finding its way into the
talus, probably a short distance back from the outcrop of the inter-
stratified basalt. Moreover, a shallow cut made in the talus slope
from the river near Opal Springs to the interstratified basalt contains
numerous seeps and small springs that come from the base of the
basalt cliff 105 feet above the river. The water is ground water that
has been perched in the basalt because of the impermeable sediments
underneath it.

A study of the minor springs associated with Opal Springs but 105 -
feet higher suggests that the water in Opal Springs comes from the
same bed of basalt. If it does, then the water is leaking down to
the river a short distance back from the canyon wall through an
enlarged fissure. The water of Opal Springs would then have its
source in the large area to the east and south, where there is no sur-
face run-off and where the intake area of the stratified basalt probably
meets the edge of the structural basin. The location of the springs
at this peint in the canyon is doubtless determined by a projecting
buried spur of relatively impermeable beds of the Clarno (?) formation
extending toward the canyon from Juniper Butte. (See pl. 10.) An
examination of the sedimentary beds of the Deschutes formation ex-
posed near Opal Springs shows no bed sufficiently permeable to yield
the quantity of water discharged by these springs. It is probable
from analogy with other large springs that the accumulation at this
place of 300 second-feet of water is due to an elaborate system of
drainage buried by a lava flow. However, it is impossible to state
with certainty whether Opal Springs are supplied by water that has
found its way to its present outlet from the water-bearing bed of
basalt 105 feet above it or from another similar bed of basalt below
the river.

About 2 miles downstream from Opal Springs the Pelton basalt
appears under the intracanyon basalt. This Pelton bed, if continued
horizontally, would be about 100 feet below the Crooked River at
Opal Springs. As it has a gentle slope to the north, however, it may
be considerably nearer the surface than 100 feet. It is not at all un-
likely that the Crooked River has at some time eroded its channel in
this vicinity to a depth sufficient to tap the water moving through
this underlying bed of Pelton basalt and allowed its escape to form
Opal Springs.

The source of Opal Springs bears a significant relation to the success
of a dam built at either the lower or upper box canyon dam site, for
the spring is an important source of supply of the Crooked River dur-
ing low stages. Moreover, it issues at an altitude of 1,969 feet above
sea level, or only 19 feet above the water surface of the Crooked
River at the upper dam site and 49 feet above the water surface at
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the lower site. Consequently, the proposed dam at either site will
impose a considerable head of water on Opal Springs. Until the:
exact origin of these springs is determined it is impossible to state
whether a reservoir flooding the springs would hold water. If the:
springs are supplied by water from the underlying Pelton basalt,]
then any considerable head on it would cause the water to escape from
the outcrops of the basalt downstream from the dam. If the springs
are due to water leaking from the interstratified basalt 105 feet above
the river, then a head of 105 feet could be safely placed on Opal
Springs before the springs would cease to flow and emerge elsewhere.

The fact that all the springs downstream to the Metolius River
along the Crooked and Deschutes Rivers issue from the Pelton basalt
proves beyond question that it is a great aquifer. The only way to
determine whether this bed supplies the water in Opal Springs is to
drill near the spring and determine the depth to the underlying lava.
The hole should be located 50 to 100 feet upstream from Opal Springs,
and fluorescein dye should be pumped into the hole. If the hole is
properly cased, the fluorescein should not appear in Opal Springs
unless the springs have their source in the Pelton basalt. Such a
test should establish the source of the springs.

SPRINGS IN DESCHUTES RIVER CANYON

About 100 feet up the Deschutes River from the mouth of the
Crooked River there is a long line of springs which issue from the
Pelton basalt and together discharge about 30 second-feet. Upstream
from this place the canyon was not explored for springs but probably
contains no large groups of springs, for none have been reported by
local fishermen.

Downstream from the Crooked River many springs occur. A
notable line of springs extends for three-quarters of a mile on the
west bank of the Deschutes River half a mile above the mouth of the
Metolius River. These springs issue from the Pelton basalt and
range from river level to a height of 25 feet above it. (See pl. 17, B.)
The discharge of this group of springs is between 80 and 100 second-
feet. Below the mouth of the Metolius River many small springs
enter the Deschutes River, but they are too small and too numerous
to warrant description.

QUANTITY OF GROUND WATER

A good idea of the amount of ground water discharged into the basin
. is obtained from a study of the stream-flow records. Unfortunately,
though many records exist, it is difficult to compare them for the
different stations because the stations were not all maintained at the
same time. More data are available for determining the amount of
ground water discharged directly into the Crooked River than into
the other streams in the basin.
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QUANTITY OF GROUND WATER DISCHARGED INTO CROOKED RIVER

Before 1910 the Crooked River went practically dry at Trail Cross-
ing during the summer. Since then, however, Ochoco Reservoir and
one power reservoir have been created in the headwaters of the Crook-
ed River, and these with the increased irrigation in the vicinity of
Prineville have caused the summer flow at Trail Crossing to increase
from waste water and return flow. Thus, on August 23, 1908, a
measurement at Trail Crossing showed 7 second-feet; one on August
4, 1913, 41.8 second-feet; and one on October 29, 1919, 61 second-feet.
On this last date a measurement was also made at the Gates ranch,
about 9 miles by river downstream from Trail Crossing, and showed a
flow of 301 second-feet. A measurement at the Cove gaging station
on the same day showed 1,020 second-feet, or a net gain below Trail
Crossing of 959 second-feet, or 620,000,000 gallons a day, due to
ground-water inflow. No surface stream enters the Crooked River
between Trail Crossing and its mouth during the summer and fall.

At the Cove gaging station the mean monthly flow during the period
June 1 to November 1, 1919, was 1,092 second-feet, the maximum
1,150 second-feet, and the minimum 1; 050 second-feet. The fact that
the difference between the maximum and minimum monthly discharge
during this entire period was only 100 second-feet is proof of the con-
stancy of the flow of the springs in Crooked River. This remarkably
uniform flow is better illustrated by the following table showing the
mean discharge of the Crooked River at the Cove gaging station for
July, August, and September, 1918 to 1926, during which there was
no surface inflow to the Crooked River below Trail Crossing.

On November 28 and 29, 1925, a similar series of measurements was
made on the Crooked River to show the distribution of inflow from
springs in the stretch of channel below Trail Crossing. They show a
net gain in the river between Trail Crossing and a point 14 miles below
it of 731 second-feet, and between this point and the Cove gaging
station of 349 second-feet.

Measurements of lower Crooked River in 1925

Second-¥et

Trail Crossing - e 110
Below Opal Springs, NE. I sec. 33, T.128.,,R. 12 E,, 14

miles by river below Trail Crossing._ . oo ___. 841

Cove gaging station_ .. _ . 1, 190
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Mean discharge, in second-feet, of Crooked River at Cove gaging station, near Culver,
Oreg., for July, August, and September, 1918-1926

Au- Se Aver- Au- Be| Aver-
Year July gust |tem ago Year July gust |tem age
1918 ... 1,100 10| 1,100} 1,103 || 1923 ____________ 1,240 | 1,130} 1,150 | 1,173
1019____ 1,080 1,100 | 1,110 1,097 | 1924 _ . ________ 1,110 | 1,110 1,110 1,110
1920 . ________ 1,060 | 1,060 | 1,000 1,000 | 1925 ___________. 1,180 | 1,180 { 1,200 1,187
1921 995 970 | 1,030 998 || 1926 - - T 1,150 | 1,140 | 1,140{ 1,143
1922 . 1,110§ 1,110 1,120{ 1,113

It is conservative to estimate the flow of springs into the Crooked
River as 950 second-feet throughout the year, which is equivalent to
56,529 acre-feet a month of 30 days or 687,770 acre-feet a year. This
is an immense quantity of ground water to be discharged in a distance
of about 20 miles into a single river in a semiarid land where the rain-
fall is about 12 inches a year. On the assumption that 5 inches of the
total annual precipitation sinks into the ground each year it would
require an intake area of about 2,570 square miles to supply the ground
water discharged into the Crooked River.

QUANTITY OF GROUND WATER DISCHARGED INTO DESCHUTES RIVER

The amount of water discharged directly into the Deschutes River
is much more difficult to calculate than the amount discharged
directly into the Crooked River, because the gaging stations have
not been located so advantageously for a study of this sort.

The following table was prepared to show the gains and losses in
the Deschutes from Bend to Cline Falls, Bend to Mecca, and Cline
Falls to Mecca in 1910 to 1912, for which comparisons could be made.
The stretch of channel between Bend and Cline Falls is not within the
middle Deschutes Basin, but the losses in this stretch are believed to
contribute water to the springs in the Crooked River Canyon. The
stretch of channel between Cline Falls and Mecca practically all lies
in the basin, and the gain between these stations represents an inflow
of ground water. The records at Cline Falls are incomplete, hence it
was necessary to compute the gains between Bend and Mecca for

certain months.
3030°—31——14
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Comparison of discharge, in second-feet, of Deschutes River at Bend, Cline Falls,
and Mecca, Oreg., 1910-1912

Discharge Increase or decrease
Dis-
Col-
charge 8
at Bend qUAW | oraokced| Meto- | Shitike umn 7 |Bend to] g, g o) Cline
Plus | Cline | OF®K | "River | lius | Creek minus | Oline | yroo., | Fallsto
Month  |pvate| Falls | 800ve at River at Mecca| col- Falls (8mi- Mecca
Creek diver- | ) uthe | " at | mouth umns | Ami- | 2,00 f @ mis
sions Ri 3,4, | nus2) nus 2)
mggth e 5,and
1 2 3 4 5 6 7 8 9 10 11

2,440 | 2,100
2,050 | 1,740
1,810 | 1,710
1,390 | 1,310
1,130 | 1,090
August__.__| 1,210 | 1,110
September..{ 1,170 | 1,050
October...._ 1,280 | 1,070
November__| 1,510 | 1,350
December__| 1,580 | 1,380

1911

November. .
December . .

1912

January.._.| 1,450 |.._._.-_ 590 172 | 5,050
February._.| 1,600 |.______. 860 195 | 5,940
1,430 | 1,200 680 212 | 5,200

1,450 | 1,270 660 135 | 6,460

1,660 | 1,430 760 188 | 7,100

1,860 | 1,670 890 200 | 6, 020

1,350 | 1,220 660 125 | 4,850

ugus| - 1,230 | 1,090 660 80 | 4,550
September..| 1,430 | 1,200 580 67 | 4.520
October.__.| 1,430 | 1,190 63 1,100 | <1, 490 63 | 4,390
November_.| 1,560 | 1,330 63 1,150 | ¢1,590 84 | 4,770
December..; 1,660 | 1,430 54 1,200 | <1, 500 84 | 4,670

o Estimated on bases of later measurements. . .
b Estimated flow at mouth. Squaw Creek entirely diverted near Sisters during irrigation season.
¢ Estimate based on flow at Hubbard ranch, 9 miles upstream.

The tabulation shows a consistent loss in every month on record in
the channel of the Deschutes River between Bend and Cline Falls
(column 9). According to Henshaw? this loss probably occurs
between Laidlaw (near Tumalo) and Cline Falls. It is probably due
to leakage into the fissured basalt over which the river flows where
the water table lies far below the river bed. Furthermore, the river
is swift and, being spring-fed, carries little silt, hence there is little
chance for the crevices to silt up even during long periods. It is
believed that in this section of the river considerable water is contrib-
uted to the zone of saturation.

# Henshaw, F. F., and others, Deschutes River, Oreg., and its utilization: U. 8. Geol. Survey Water-
Supply Paper 344, p. 70, 1914,
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The decided gain in the river due to flow from springs between
Bend and Mecca, as shown in column 10, is too large to be anything
but real, for the records at both stations are good. The great varia-
tion in the amount of inflow is due not so much to the fluctuation in
the flow of the springs as to surface inflow during the spring season
from ephemeral streams not included in the table and to small diver-
sions for irrigation below the Bend gaging station. The gain
between Cline Falls and Mecca is considerably larger, and it is
believed that the inflow from springs between Cline Falls and Mecca
averages 400 second-feet throughout the year. Furthermore, practi-
cally all of this inflow occurs along the stretch of the river within the
area shown on Plate 10, for miscellaneous measurements (see p. 186)
indicate that there is not much loss or gain between Cline Falls and
Tetherow Bridge.

The following table shows the mean monthly discharge for the
stretch of the Deschutes River between the station below Bend and
the station near Madras during the hydrographicyears 1925 and 1926,
for which there are comparable records. The flow of Squaw Creekis
largely estimated because of the lack of records. However, the sum-
mer flow of this creek is all diverted, and during the irrigation season
the flow at the mouth is only about 10 second-feet. The increase in
discharge of the Deschutes River during the spring at Madras is
considerably larger than the increase during the summer, due to the
flow of ephemeral streams which have not been included in the cal-
culations because of lack of data. In the table on page 206 it is shown
that there is probably a loss of more than 100 second-feet between
Tumalo and Cline Falls,?*® which would add considerably to the gain
at Madras during these years. With this exception for this stretch
of channel during the summer the net gains are due to inflow from
springs within the basin.

2 In a lettei dated Nov, 14, 1927, Mr. F. F. Henshaw states: ‘‘The record back in 1912 showed this. I
was never able to account for it satisfactorily, although it may have occurred. However, the round of meter
measurements which I made in 1915, at a much lower stage than had previously occurred, indicated no loss
to speak of, and during the summer, at least during the later years of low run-off and large diversion, there
isn’t anywhere near 100 second-feet to lose and ne evidence of any considerable loss.”
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Comparison of discharge, in second-feet, of Deschutes River below Bend and near
Madras, Oreg., October 1, 1924, to September 30, 1930.

Discharge

Bend : Increase

clzl)let:s Tumalo | Squaw Tplusl Crooked Mﬁl;ovl;rus c}l)lfstes Column [Bend to

Month River |Creek at'Creek at| = 3" |River at| near River |7 minus @ mi-

below | mouth |mouth ¢ Squaw mouth | Grand-| near |[&6andé nus 4)

Bend o] view |Madras
Creeks
1 2 3 4 8 6 7 8 .

256 b 40 301 1,120 1,100 3, 460 1,040 739
999 38 60 1,097 1,210 1, 510 4, 460 1,740 643
1,000 38 40 1,078 1,170 1, 400 4,370 1,800 722
1,010 87 50 1,117 1, 600 1,590 5,120 1,930 813
1,300 64 60 1,424 2,330 2, 060 6, 560 2,170 746
1,080 40 50 1,170 1,910 1,620 5, 540 2,010 840
1, 050 43 80 1,173 2,320 1, 650 6, 030 2,060 887
674 128 100 900 1,490 1,770 4,980 1,720 820
422 65 50 537 1,230 1,700 4,130 1,200 663
163 49 30 242 1,180 1, 600 3,750 970 728
262 2 10 274 1, 180 1, 500 3, 630 1,000 726
484 8 50 542 1,200 1,440 3,900 1,260 718
605 0 60 665 1,220 1, 400 3,930 1,310 645
050 0 52| 1,102| 1,220| 1,400 | 4,350 | 1,730 628
160 13 60 1,233 1,220 1,420 4, 510 1,870 637
040 48 52 1,140 1,220 1,370 4,390 1,800 660
130 56 72 1,258 1, 540 1,570 5,160 2,050 792
090 42 50 1,182 1,670 1, 450 5, 060 1,940 758
407 66 7% 548 1, 540 1, 460 4, 250 1,250 702
104 14 10 128 1,180 1, 460 3,530 890 762
56 9 10 75 1,160 1,410 3,360 790 715
68 0 10 78 1,150 1,370 3,310 790 712
49 3 10 62 1,140 1,320 3,200 830 768
126 0 30 156 1,140 1,300 3,320 880 724

s Estimate based on flow at Squaw Creek gaging station near Sisters and miscellaneous measurements
and estimates of flow during irrigation season at mouth.

From observations during the investigation it was estimated that
at least 350 second-feet of ground water was discharged into the Des-
chutes River in this basin, for no notable springs enter in the stretch of
channel between the north boundary of the basin and Mecca. The
net gain in the Deschutes River between Bend and Madras for 1925
to 1926, according to data presented in the above table, was more
than 600 second-feet, even during the months of low-water flow.
Accordingly it appears that there is considerably more water finding
its way into the Deschutes River in the basin than was observed
during the investigation.

The annual inflow from springs to the Deschutes River, amounting
to 600 second-feet, or 434,380 acre-feet, when added to the inflow to
the Crooked River, gives a total annual ground-water discharge into
the middle Deschutes Basin of 1,550 second-feet, or 1,122,150 acre-
feet. There is no appreciable spring inflow to the Metolius River
within the basin. The total annual ground-water discharge in this
area therefore exceeds 1,000,000 acre-feet.
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UTILIZATION OF WATER
DOMESTIC USE

For many years obtaining water for domestic use has been a prob-
lem in this basin, and it has not yet been entirely solved. The
pioneers in the region hauled their water many miles in water wagons.
As soon as the deep railroad wells were drilled, towns became possible,
and the farmers found it no longer necessary to haul water such
long distances. The town of Culver drilled a well to supply its inhab-
itants with water, but this well was abandoned, and the town now
uses water pumped from a spring in the Crooked River Canyon, a
short distance upstream from Opal Springs. This water is lifted more
than 800 feet. Gradually, as the farmers became more prosperous,
they drilled wells on their own land or installed rams on the river.
The inhabitants of the Peninsula and in the vicinity of Grandview
post office still haul their water from the Deschutes or Crooked River
or from wells in the-foothills of the Cascade Range. Domestic
water is still scarce in places, but the scarcity is not due to the lack
of underground water but to the great cost of drilling a well, buying
equipment, and lifting the water to the surface. Many people in the
vicinity of Terrebonne drink ditch water rather than haul it or bear
the expense of a well.

IRRIGATION

The amount of land under irrigation at present in the basin is
small. Water diverted from the Crooked River near Prineville irri-
gates a part of the land east of Terrebonne. The irrigable land
south and west of Terrebonne is irrigated by water diverted from the
Deschutes River near Bend. About 100 acres is irrigated by diver-
sions from the Deschutes near Lower Bridge and Odin Falls. A
few acres is irrigated by water pumped from the Crooked River at
the Gates ranch and by diversion from the Crooked River at Cove
Crossing.

Practically all the land in the basin, except the Haystack country,
could be irrigated from the proposed storage reservoir at Benham
Falls, on the Deschutes River above Bend. There is about 6,000
acres on the Peninsula alone that could be irrigated. 1t is only a
question of time before this project will become a reality, for the
constant increase in population and added demand for agricultural
products will ultimately require the complete utilization of the
Deschutes River.

WATER POWER

By F. F. HENSHAW

The possible water power of the middle Deschutes Basin is only
partly utilized. Maximum development will doubtless be made
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only when there is an adjacent market for the power, and this market
will come into existence only when the land is irrigated and will sup-

port a larger population.
CROOKED RIVER

Small power projects are feasible in several places along the Crooked
River above Opal Springs and below sec. 26, T. 13 S,, R. 12 E. Small
rock-fill diversion dams placed across the river and canals contouring
the canyon walls would develop considerable head, owing to the
rapid fall of the river. The amount of power developed in this
manner would be determined by the length of the canal and the flow
of the river. One such dam could be built at a low cost by blasting
loose from the east canyon wall a small remnant of intracanyon
basalt about 1 mile upstream from the Gates ranch. The minimum
flow at this place is about 250 second-feet.

Power plant of H. V. Gates.—The Gates power plant is in the NE. %
NW. % sec. 14, T. 138, R. 12E. It was constructed by Mr. Gates tg_
furnish electric energy for lighting, heating, and small power for farm
use in connection with his house, barn, and farm buildings close to the
plant. The conditions surrounding the development are unique.
The Crooked River receives about 1,000 second-feet of water from
springs within about 10 miles of the mouth. Some of these are large,
Opal Springs discharging about 300 second-feet. Much of the water
reaches the river in innumerable small streams; in the vicinity of the
power house the water issues from the side of an almost vertical
canyon wall at points between 50 and 100 feet above river level.
Several hundred feet of flume and pipe have been built to collect the
water into a single forebay. Several tunnels extend into the rock for
distances up to 185 feet, intercepting and conducting into the flume
water that formerly found its way to the surface at a lower level.

From a concrete fore bay a 24-inch wood pipe extends to a power
house of frame construction, on the bank of the Crooked River. The
11%-inch twin Leffel turbine is belt-connected to a 50-kilowatt generator
with governor, switchboard, etc. Arrangements are also made for
connecting the turbine to a 6-inch centrifugal pump to furnish water
for domestic and stock use and for irrigating land in and near sec. 14,
at an altitude of about 350 feet above the river. This land is now irri-
gated by means of hydraulic rams driven by water piped from springs
discharging into the canyon a few hundred yards above the upper end
of the conduit leading to the power house. Practically no water has
yet been pumped by this plant. The pipe line reaching from the
head of the supply flume up the canyon is not yet complete, and
the water supply now available serves only to run the generator.

The construction of this plant has presented unusual difficulties.
Almost everything entering into its construction has been lowered
into a box canyon about 350 feet in depth. Now there is a tramway,
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but when work was started only a steep winding trail was available.
The original flume bents were poles from trees cut from the sides of the
canyon, but most of these have now been replaced with sawed lumber.
The flume has been gradually extended, and the flow of water from
the rock gradually developed.

The power-house floor is fairly close to the river, and the generator
foundation may be submerged in time of extreme flood. Provision
has been made for raising the generator up the canyon slope on skids
with block and tackle in case of emergency. The plant has been
installed in a thoroughly workmanlike manner, and it runs with
attention only twice a day.

Power plant of E. A. Thompson.—The Thompson power plant is
used in pumping water for domestic use to settlements and ranches on
bench lands lying west of the Crooked River in and near the towns of
Opal City, Culver, and Metolius. A loose-rock wing dam in the
NW. % SE. ¥% sec. 33, T. 12 S,, R. 12 E., diverts water on the left
bank into a conduit, mostly in open canal, 1,400 feet long to the power
house in the SW. % NE. ¥ of the same section, where a net head of
about 20 feet is developed. A 26-inch vertical Leffel turbine is
direct-connected to a duplex pump of special design, 3% by 10 inches,
with a capacity of 4,000,000 gallons a month. There is also installed
a hydraulic engine, with a capacity of 2,000,000 gallons a month.
The pumps take water from a spring discharging into the river close
to the power house. The water is carried through a 4-inch pipe down
the river for about a quarter of a mile, across a bridge, and thence up
the steep slope of the canyon to the Deschutes Valley water district’s
reservoir in the NW. % sec. 34. The pumping plant and pipe, up
to the reservoir, belong to Mr. Thompson; the reservoir and distri-
bution system belong to the district.

Bozx canyon sites.—A power dam 100 feet high was proposed for the
upper box canyon dam site, but for geologic reasons, described on
page 155, it is not considered feasible.

At the lower box canyon dam site, about half a mile downstream,
a dam at least 155 feet high is feasible providing that drilling shows
the geology to be satisfactory. Even if a high dam is not feasible at
this site, a diversion dam with a flume contouring the canyon wall
could be constructed. The minimum flow at this site is probably
over 900 second-feet, so that considerable power could be developed.

Cove hydroelectric power plant.—A hydroelectric plant has been con-
structed to utilize the flow of the lower stretch of the Crooked River,
below Opal Springs. The diversion canal takes water directly out
of the river in the SE. ¥ SW. % sec. 11, T. 12 8., R. 12 E,, and conducts
it to the power house, in the NE. % SW. % of the same section. The
canal is about 1,700 feet long, and the head obtained is about 33 feet.
One unit was installed in 1912 and 1913, consisting of a 750-horse-
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power generator, 400 kilowatts, 2,300 volts, 100 amperes. The power
house was enlarged and rebuilt in 1923 and a second unit installed,
consisting of a 1,225-horsepower S. Morgan Smith 33-inch double-
runner turbine and one General Electric alternating-current generator,
700 kilowatts (875 kilovolt-amperes), 2,200 volts. (See pl. 18, B.)

The distribution system supplies Prineville, Redmond, Madras,
Metolius, and Culver and is also tied in with Bend by a line from Red-
mond to Bend. The plant is capable of being enlarged to a capacity
of about 2,500 kilowatts, and by means of a rock-crib diversion dam
the head can be increased to 34 or 35 feet. A flow of 1,100 second-
feet of water has been appropriated. This flow has been available
about 92 per cent of the time during the last nine years, and this
figure is used by the company in the plans for future enlargement.

The plant now belongs to the Deschutes Power & Light Co., with
main offices at Portland, which is controlled by interests associated
with the Pacific Power & Light Co. of Portland.

DESCHUTES RIVER

The portion of the Deschutes River in this area is not capable of
any great power development, except for local ranches above the
mouth of the Metolius River, because it has so small a low-water flow, -
owing to irrigation diversions near Bend. At the Metolius dam site,
on the Deschutes River about on the line between secs. 15 and 22,
T. 11 S, R. 12 E., there is large low-water flow from the Crooked
River, the Metolius River, and springs discharging directly into the
Deschutes. This dam site is described on pages 157-159.
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