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PREFACE

By HERMAN STABLER

On recommendation of the National Academy of Sciences ‘“that
Congress establish, under the Department of the Interior, an inde-
pendent organization, to be known as the Geological Survey, to be
charged with the study of geologic structure and economic resources
of the public domain”, the Congress, in March 1879, created the
United States Geological Survey and prescribed as its function ‘“the
classification of the public lands and examination of the geological
structure, mineral resources, and products of the national domain.”
This organic act was supplemented by legislation in March 1888,
requiring the Geological Survey to investigate ‘‘the extent to which
the arid region of the United States can be redeemed by irrigation”
and to segregate sites for ‘“reservoirs and other hydraulic works neces-
sary for the storage and utilization of water for irrigation and the
prevention of floods and overflows”; beginning in 1895 by annual
appropriations for ‘“gaging streams and determining the water supply
of the United States’ ; beginning in 1896 by annual appropriations for
“the preparation of reports on the best methods of utilizing the
water resources’’; and beginning in 1918 by annual appropriations for
“the examination and classification of lands’’—the language pro-
viding for classification with respect to water resources and for the
preparation and publication of land-classification maps and reports.

With the foregoing basis of legal authorization the Geological
Survey has not only developed and maintained an organization for
gaging streams and determining the surface water supply of .the
United States but has undertaken to make a systematic inventory
of the water resources of the public-land States, classify the public
lands with respect thereto, and prepare reports on water utilization
for all important streams west of the 100th meridian.

Some of the more important water-utilization reports published in
recent years are Water-Supply Papers 517, which covers streams of
the Great Salt Lake Basin; 556, 617, and 618, which together cover the
Colorado River Basin; 560—-A and 580-B, which cover the Madison
and Jefferson Rivers, Mont.; and 636-F, 637-C, and 638-B, which
cover the Umpqua, McKenzie, and Rogue Rivers, Oreg. Mr. Hoyt
now makes available essential water-utilization information on another
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X PREFACE

major drainage basin—that of the Snake River. This great tributary
of the Columbia is capable of supplying water for 4,000,000 acres of
irrigable land and of generating 3,000,000 firm horsepower (90 per-
cent of the time). Nearly 70 percent of the irrigable land is now
supplied with water, but less than 7 percent of the water-power
resources has been put to beneficial use.

The Snake and Colorado Rivers, together, drain part or all of each
of the 11 western public-land States, and their basins comprise nearly
half the area of the United States west of the Continental Divide.
Though its drainage area is less than half that of the Colorado, the
Snake River affords irrigation and power resources about two-thirds
as great. Like the Colorado, it rises in the mountain fastnesses of
the Rockies, derives the major portion of its water from melting
snows, and has an annual flood period during the early summer. In
marked contrast to the Colorado, which crosses an arid central
plateau region underlain by soft shales and friable sandstones that
under the influence of summer storms and cloudbursts provide it
with a heavy load of fine sand and silt, the Snake crosses wide plains
from which the run-off is nearly free of silt and is maintained as
essentially a clear-water stream throughout its course.

Mr. Hoyt has given his almost undivided attention to a study of
the Snake River for a period of 10 years. In 1921 he traversed by boat
the dangerous Seven Devils Canyon, and in 1922 he voyaged down the
Salmon River from Salmon City to the junction of the Salmon and
Snake Rivers through one of the few remaining uninhabited wilder-
nesses of the United States. During these trips dam sites were
selected, examined in detail, and surveyed. In addition he has
visited all hydrologically important areas of the drainage basin and
has directed numerous field parties in their work. The result of
these surveys and investigations, including also a compilation of the
work of many of his colleagues in the Geological Survey, is presented
in the accompanying report, which furnishes a complete summary of
available essential information as to the potential value and utility
of the Snake River.



WATER UTILIZATION IN THE SNAKE RIVER
BASIN

By W. G. Hovr

ABSTRACT

Location, geology, and climate of Snake River Basin.—The Snake River Basin
comprises about 109,000 square miles of river, plain, foothills, and mountains
of what was originally the eastern half of the Oregon territory but is now parts
of the States of Wyoming, Utah, Nevada, Idaho, Oregon, and Washington.
The Snake River flows south, west, north, and west across the basin. The total
length of the river exceeds 1,000 miles, of which over half is in canyons. The
major tributaries include Henrys Fork and the Hoback, Salt, Blackfoot, Big
Wood, Little Wood, Owyhee, Boise, Payette, Malheur, Burnt, Powder, Imnaha,
Salmon, Clearwater, Palouse and Grande Ronde Rivers. The principal climatic
characteristics are relatively low precipitation, large range in temperature, low
humidity, high evapor.ation, abundance of sunshine, and almost complete absence
of severe storms or intense cold waves.

Water supply and regulation.—So far as water supply is concerned the Snake
River Basin is unique in the United States if not in the world. The collecting
basin formed by the Great Plains area enables practically complete utilization
for irrigation without seriously impairing the power values. In fact, the available
evidence seems to indicate that in spite of continual increase of the use of water
for irrigation the low-water flow at points below King Hill is increasing. Eighty
reservoirs have been consfructed, having a combined capacity of over 5,700,000
acre-feet. This capacity is utilized to supplement natural stream flow for irriga-
tion on 2,000,000 acres. Through the use of this storage it has been possible to
make water deliveries generally sufficient for crop production during recent years
of low run-off, when otherwise heavy losses would have occurred. Irrigation
development has now reached a point beyond which there can be little increase in
acreage without the construction and utilization of additional storage or pumping
plants. Fortunately reservoir sites are so located that practically complete
regulation of the main stream and many of its tributaries is possible, and in many
locations ground water is near the surface. There are 96 known undeveloped
storage sites having a combined capacity of 7,746,000 acre-feet. In the present
report these storage sites are discussed largely with respect to physical conditions,
with little regard to economic feasibility. Many of the sites discussed are alter-
native ones, and complete utilization would not require development of all the
sites described. Detailed geologic examinations and additional comprehensive
studies will be necessary to determine just which sites will fit into a scheme for
complete water utilization.

Present and future irrigation.—In its natural condition about 40 percent of the
basin was covered with sagebrush, 40 percent with timber, and the remainder was

1



2 WATER UTILIZATION IN THE SNAKE RIVER BASIN

largely grass land. Through the use of water 2,700,000 acres of sagebrush land is
now irrigated, and except in the northern part of the basin this irrigated land is
the backbone of the agricultural activities. Through the production of forage
crops it has enabled the grazing resources of the public range and national fores$
to be fully utilized, and its potatoes, fruits, and seed crops have a Nation-wide
and well-deserved reputation. It is estimated that an additional 1,300,000 acres
may eventually be irrigated. Whether this estimate is large or small only time
will tell. The successful operations on existing irrigated areas seem to demon-
strate that eventually all cultivable land for which water is available at a cost
commensurate with potential crop values will be irrigated.

Developed and undeveloped power.—The basin contains no large manufacturing
or industrial centers, and consequently the power load had to be developed largely
out of the demand for the home, the farm, and irrigation pumping. The sources
of demand are widely scattered, and the building up of a satisfactory power load
under these conditions has naturally been slow and has required the construction
of widely scattered power plants and an extensive transmission net. If has also
required progressive consumers, educated to realize the advantages of home and
rural electrification. To a large degree both of these requirements have been
satisfied. There are at present in operation between 60 and 70 plants, with an
installed waterwheel capacity of nearly 196,000 horsepower, interconnected with
about 3,000 miles of primary transmission system. Considerably less than 10
percent of the potential power in the basin has been developed. Roughly there
are about 280 known undeveloped power sites at which it is possible to generate
nearly 3,000,000 horsepower for 90 percent of the time and nearly 5,000,000
horsepower for 50 percent of the time with storage. It is expected that there
will be a slow but steady growth in the demand for domestic use and for irri-
gation pumping. Increased mining activities both within and without the basin
will necessitate increased capacity. It is believed that eventually considerable
more power than now will be exported from the basin.

INTRODUCTION
PURPOSE AND SCOPE OF REPORT

The purpose of this report is to describe the present utilization of
the water in the Snake River Basin with special reference to irrigation
and power and to present essential facts concerning possible future
utilization. No detailed plan of development is suggested. An
attempt has been made, however, to discuss features that should be
taken into account in the formulation of a definite plan of develop-
ment. On account of the size of the area involved, which is practically
as large as the New England States and New York combined, and the
magnitude of present development and future possibilities, consider-
able details have of necessity been omitted. The records of stream
flow in the basin are contained in the reports on surface water supply
published annually by the Geological Survey. These records are of
the greatest value in connection with the present and future regulation
and utilization of the basin’s largest asset—water.
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COOPERATION AND BASE DATA

It is difficult to give satisfactory credit to the many who have
contributed both directly and indirectly in the collection of the basic
data and in the preparation of this report. Initial acknowledgment
is due to Herman Stabler, chief of the conservation branch, under
whose general supervision the work has been carried on and who,
with N. C. Grover and C. G. Paulsen, chief hydraulic engineer, water-
resources branch, and chief of the division of surface water, respec-
tively, has at all times rendered helpful criticism. The collection of
stream-flow records and the making of river surveys has extended
over many years. As early as 1871 F. V. Hayden made geologic
surveys in the headwater region, and in 1888 the United States Geo-
logical Survey established a temporary office in Boise to make studies
of hydraulic problems. Much investigational work was carried on
during 1905, and river survey operations were started in 1910. The
results of many of these earlier investigations have been used in the
preparation of this report. Field investigations by the author started
in August 1921 and continued in nearly all of the field seasons through
1920.

Assistance has been rendered as follows in connection with these
field studies and in the preparation of this report.

Geology—Clyde P. Ross has written the chapter on geology with
reference to hydrology, discussing general geologic conditions along
the Snake River below Weiser and along the Salmon River, and has
also made a general review of the geologic expressions used in the
report. Geologic descriptions of power and reservoir sites on the
Snake River above Heise and in the Henrys Fork Basin are based
on preliminary field studies by G. R. Mansfield. Similar descriptions
for sites on the Snake River between Milner and Enterprise and on
the Salmon River between Salmon and mouth are derived from notes
by A. C. Spencer. The geology of the Snake River plain with special
reference to ground water and the geology at the Twin Falls dam site
. are based on field examinations by Harold T. Stearns. Plate 5,
showing the geology of the entire basin, is based on a compilation by
G. W. Stose, prepared in connection with the geologic map of the
United States.

Natural vegetation, soil, climate, and crops on irrigated land.—This
discussion, as well as the greater part of the vegetative classification
shown on plate 4, is the joint work of Gerald M. Kerr and J. Q.
Peterson, based on information gained through many seasons of field
work in connection with homestead designations in the basin. The
United States Forest Service furnished information relative to the
national forests. The entire discussion has been critically reviewed
by J. F. Deeds, Chief of Division of Agricultural Classification,
Geological Survey.
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Present and future irrigation.—So many people have furnished mate-
rial for the discussion of irrigation that full credit is difficult. Much
information was furnished by the water masters, especially Lynn
Crandall and his assistants for the area above Milner; S. H. Chapman
for the Big Wood and Little Wood River area; William Welsh for
the Boise Valley; and George N. Carter, former Idaho commissioner
of reclamation. John A. Whiting, G. W. Malone, and C. E. Strick-
lin, State engineers of Wyoming, Nevada, and Oregon, respectively,
and R. W. Faris, commissioner of reclamation, Idaho, furnished infor-
mation from State records. Portions of the uncompleted manu-
script have been reviewed by these officials and by J. F. Deeds;
by E. B. Debler, hydraulic engineer, United States Bureau of Recla-
mation; and by T. R. Newell, Liynn Crandall, and George H. Canfield,
district engineers, United States Geological Survey. J. Q. Peterson
and Gerald M. Kerr assisted materially in the compilation of basic
data and furnished information regarding many areas with which
they are well acquainted. Officials of the United States Bureau of
Reclamation and Indian Service furnished information with respect
to their various enterprises. P. A. Ewing, irrigation expert, Bureau
of the Census, also critically reviewed the discussion of present and
future irrigation. G. H. Canfield and G. L. Parker, district engineers
of the Survey in Oregon and Washington, respectively, furnished
data for these States.

Developed reservoir sites.—Descriptions of developed reservoir sites
have been based on information from the files of the United States
Bureau of Reclamation, the United States Indian Service, the Idaho
commissioner of reclamation, the office of the Oregon State engineer,
the United States Geological Survey, and the General Land Office.
Information regarding many sites on national forests was furnished
by the United States Forest Service. Operation records at the
larger reservoirs and stream-flow statistics were taken in general from
the files of the Geological Survey.

Developed power sites.—Descriptions of developed power sites have
been based on statistical information from the files of the Geological
Survey and the Federal Power Commission, supplemented by infor-
mation furnished by the power companies.

Undeveloped storage and power sites—River surveys used as the
basis for the power and storage schemes have been made as indicated
below. (The appropriate description of the map series is contained
in the introductions to the respective sections.) Topographic sur-
veys in connection with river and dam-site investigations are in
general the most uninteresting and at the same time the most hazard-
ous of all topographic work, and great credit is due to the following
topographic and hydraulic engineers for the successful completion
of the many especially difficult and hazardous assignments:
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Snake River:
Horse Creek to Alpine: T. F. Murphy, 1931.
Alpine to Pine Creek: Lee Morrison, 1931.
Minidoka to Enterprise: A. J. Ogle, 1912.
Huntington to Lewiston: W. R. Chenowith, 1921.
Henrys Fork: C. G. Anderson, 1915.
Boise River and tributaries: L. L. Bryan, 1929.
Payette River:
North Fork: R. W. Burchard, 1924.
South Fork and tributaries: W. F. Chenault, 1925.
Salmon River:
Bear Valley and Stanley Basin: W. F. Chenault, 1925.
Stanley Basin to Salmon, Albert Pike, 1919.
Salmon to mouth of South Fork: W. H. Barringer, 1910.
Salmon River below mouth of South Fork: O. G. Taylor, 1911.
Middle Fork of Salmon River: L. L. Bryan and W. C. G. Senkpiel, 1930.
Panther Creck: L. L. Bryan and W. C. G. Senkpiel, 1930.
South Fork of Salmon River: L. L. Bryan and W. C. G. Senkpiel, 1929.
Little Salmon River: W. H. Barringer, 1910.
Clearwater River and tributaries: R. W. Burchard and W. F. Chenault, 1924.
Imnaha River: R. O. Helland, 1929-30.
Grande Ronde River: R. O. Helland, 1930.

In addition dam-site surveys were made by Warren Qakey, assisted
by Floyd Ramsey, along the Snake River between Milner and Enter-
prise, and along the Salmon River between Salmon and the mouth.
Power and storage schemes on the Snake River from Horse Creek
to Alpine and on the Middle and South Forks of the Salmon River
and Panther Creek are based on studies by L. L. Bryan; on the Clear-
water River and tributaries by Warren QOakey; on the Immnaha
and lower Grande Ronde Rivers by R. O. Helland; on the upper
Grande Ronde by N. J. Tubbs; on the Snake River between Lewiston
and the mouth by the United States Corps of Engineers; and on the
Boise River by L. L. Bryan, assisted by the author. Several power
sites on the Snake River between Pittsburg Landing and Lewiston
had been previously reported on in 1916 by the Oregon State engineer
in a report entitled “Oregon’s opportunity in national preparedness.”’
Use was made of reports by R. R. Woolley, hydraulic engineer,
United States Geological Survey, on sites in the Henrys Fork Basin.
The remainder of the power and storage schemes unless otherwise
stated are based on studies by the author, who either accompanied
most of the topographic parties or was in close touch with their work.
In addition to the surveys and investigations above listed, many
valuable data have been obtained from the Bureau of Reclamation,
Indian Service, and Forest Service, and from State records. All the
plates in this report have been prepared by Mrs. M. S. Carden.
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INDEX SYSTEM

For the purpose of indexing data pertaining to the water utiliza-
tion of the United States the Geological Survey has divided the
country into 12 major divisions, conforming to the principal drain-
age areas. In this system the north Pacific drainage area is known
as division 12, and the Snake River Basin comprises subdivisions G,
H, J, K, and L—12G embracing the Snake River Basin from the
source to and including the Big Wood River Basin; 12H, the Snake
River Basin from the Big Wood River to the Clearwater River,
exclusive of the Salmon River Basin; 12J, the Salmon River Basin;
12K, the Clearwater River Basin; and 12L, the Snake River Basin
from the Clearwater River to the Columbia River. Each of these
five principal subdivisions is divided into smaller units—12GA in-
cludes the Snake River Basin from the source to and including
Jackson Lake; 12GD, the Hoback River Basin etc. (See pl. 1 for
all drainage-area designations in the basin.)

The designation 12GA 1 is explained as follows: The figure 12 is
the number of the major division, the north Pacific; the letter G
(the first letter following the number) refers to that part of the
Snake River Basin above the Big Wood River; the letter A repre-
sents the area from the source to and including Jackson Lake; the
figure 1 is the item number given to the Jackson Lake developed
reservoir. In other words, the first three items give the general
location of the plant and the last item identifies it. Other reservoirs
in the same minor area would be numbered 12GA 2, 12GA 3, ete.
The same system is applied to undeveloped reservoirs and to devel-
oped and undeveloped power sites, the items being numbered con-
secutively beginning with 1 in each class.

GENERAL FEATURES OF SNAKE RIVER BASIN
LOCATION AND EXTENT

The Snake River Basin comprises about 109,000 square miles of
river plains, foothills, upland valleys, and mountains. The Snake
River drains western Wyoming, all of Idaho except the north end
and extreme southeast corner, the extreme northwest corner of Utah,
the northeast corner of Nevada, eastern Oregon, and the southeast
corner of Washington. The extreme length and breadth of the basin
are each about 450 miles. The river flows south, west, north, and
west through the basin with a total length of about 1,000 miles. It
is the largest tributary to the Columbia River, its basin comprising
42.1 percent of the Columbia River system.
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Drainage areas in Snake River Basin, by States

Area ’
: Percent
Total drained
of area Percent
State State area } by Snake | rgnoie | of State
(square River River area
miles) (square Basin
miles)
Wyoming 97,910 5, 280 4.8 5.4
A0 oo s 83, 890 72, 060 66.2 85.9
Utah - 84,990 360 .3 .4
Nevada 110, 690 5,270 4.8 4.8
Oregon...... - 96, 700 19, 950 18.3 20.6
Washington. . e cccaaa 69, 130 6,080 5.6 8.7
4 007 SOOI USRI NP 109, 000 100.0 | .

GEOGRAPHIC AND TOPOGRAPHIC FEATURES

About one-third of the basin lies on the western slopes of the
northern and middle Rocky Mountain provinces, comprising deeply
dissected mountain uplands and intermountain basins, and the
remainder drains that portion of the Columbia Plateau province
embraced within the Snake River Plain section, characterized by
lava plateaus and alluvial terraces, and the Blue Mountain and
Payette sections, characterized by complex mountains and dissected
voleanic plateaus.

Roughly 20,000 square miles of the area is river plains, 52,000
square miles foothills and intermountain basins, and 37,000 square
miles mountainous. Plate 2 shows the approximate location of the -
1,000-, 2,000-, 4,000-, 6,000-, 8,000-, and 10,000-foot contours.

Areas in Snake River Basin at different altitudes

Area Area
Altitude (square | Percent Altitude (square |Percent
miles) miles)

1.0 || 8,000 to 10,000 feet - —o---_. 5,900 5.4
22.18) Over 10,000 feet—._ ... 300 .3
123 LI 109,000 |  100.0
20.2

SNAKE RIVER SYSTEM

In point of drainage area the Snake River may be considered one
of the larger rivers of the United States, being exceeded in the order
named, only by the Missouri, Columbia, Rio Grande, Colorado, Ohio,
Arkansas, and Mississippi above the Missouri. In point of mean
flow it exceeds the Colorado and Rio Grande. It has its source in
Wyoming on Two Ocean Plateau, on the western slope of the Con-
tinental Divide near the southeast corner of Yellowstone National
Park. The small streams that unite to form the Snake River have
their source at an altitude of about 9,600 feet. Flowing generally

50503—35—~——-2
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westward, it receives the drainage of the southern part of Yellowstone
National Park through the Heart River and the Lewis River. Near
the junction with the Lewis River it turns southward, crosses the
southern boundary of Yellowstone National Park, and enters the
backwater of the Jackson Lake storage reservoir, through which it
flows for a distance of nearly 25 miles. From the lower end of
Jackson Lake it flows east for several miles, then turns sharply and
flows southwestward for 30 miles through Jackson Hole. Near the
mouth of the Hoback River, 55 miles below Jackson Lake, it enters
the canyon of the Snake, through which it flows for 20 miles to the
mouth of the Grey River, near the Idaho-Wyoming line. .

Entering Idaho it flows northwestward 61 miles through a rather
wide canyon in the lavas to Heise, where it opens onto the Snake
River Plain. From Heise to Milner, a distance of nearly 200 miles,
the river flows northwest, south, and west across this plain. Between
Heise and Milner the river is not deeply intrenched, and it is in this
stretch that the principal diversions from the Snake for irrigation are
made and the large American Falls and Lake Walcott storage reser-
voirs are located. .

At Milner the river starts cutting into the lava and associated
sedimentary beds and for 200 miles it flows west and northward
through the plain in a canyon. From Enterprise northward to
Huntiogton, a distance of 100 miles, the river leaves the caanyon and
flows again on the plain. From Huntington northward to Lewiston,
a distance of 189 miles, the river is again in a canyon. In the north-
ward course it forms the boundary between Idaho and Oregon for
216 miles and between Idaho and Washington for 38 miles. The
river turns westward at Lewiston, enters Washington, and flows 141
miles to its junction with the Columbia River at Pasco.

Drainage areas tn Snake River Basin above principal points

Square Square
miles miles
South boundary of Yellow- Swan Falls___________.___._ 41, 900
stone Park_______________ 1 490 | Mouth of Owyhee River.._.. 43, 600
Outlet of Jackson Lake__.____ 820 | Mouth of Malheur River..._ 58, 600
Mouth of Hoback River..__._ 2, 900 | Mouth of Powder River-_.._ 71, 000
Mouth of Salt River_______. 4, 080 | Mouth of Salmon River_____ 74, 800
Mouth of Henrys Fork.____._ 5,870 | Mouth of Grande Ronde
Mouth of Blackfoot River___. 183,400 River_ _ .. 89, 000
American Falls___._________ 17,000 | Mouth of Clearwater River.. 93, 500
Lake Walcott_ . ____________ 19, 100 | Mouth of Palouse River_____ 104, 600
Milner__ ______________.___ 20, 800 | Mouth of Snake River_____. 109, 000

Mouth of Big Wood River... 31, 200

1390 square miles of which is inside the park.
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TRIBUTARIES TO SNAKE RIVER

The following table presents a birdseye picture of the principal
features of the many tributaries to the Snake River. In using this
table it should be remembered that much of the information con-
tained therein is only approximate. In general, only those tribu-
taries are listed whose present or possible future utilization is dis-
cussed elsewhere in the report. Additional descriptions of physical
features insofar as they relate to future power and storage develop-
ment are contained in the discussion of undeveloped power and reser-
voir sites.
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