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GEOLOGY AND GROUND-WATER RESOURCES OF
SCOTTS BLUFF COUNTY, NEBRASKA

By L. K. Wenzel, R. C. Cady, and H. A. Waite

ABSTRACT

Scotts Bluff County in westernmost Nebraska, adjoining the State of Wyoming,
is occupied by the valley of the North Platte River and adjacent uplands. It
contains one of the oldest irrigation projects in the State. In 1930, 90 percent of its
farms, making up 51 percent of the acreage in the county, were irrigated, mostly
with water from the river, and in that year 46.5 percent of the irrigated area in the
State of Nebraska was in Scotts Bluff County.

This county is underlain by Cretaceous and Tertiary formations and alluvial
deposits of Quaternary age. The oldest exposed formation is the Lance, of Cre-
taceous age. It is overlain successively by the Chadron and Brule formations, of
Oligocene age. The Gering sandstone and younger sandstones of the Arikaree
group of Miocene age are exposed on the upper slopes of the North Platte Valley
and on the uplands.

The topography of the aresa is significant, because of its magnificent scenic qual-
ities, its Intricate and J)artia,lly revealed geomorphic history, the control it exerts
on the hydrology, and because some rather unusual geomorphic processes have
served to create it. On the north walls of the valley, where protective coverings
of gravel have been deposited, nine terrace surfaces have been identified in a
vertical interval of about 1,000 feet. Of these, the four highest are gravel-caf)ped
benches, presumably of ea,riy to middle Pleistocene age. They are separated from
the lower terraces by a steep surface called the fifth terrace, now preserved as a
dissected slope. The slope represents a stage of great deepening of the North
Platte Valley. Four terraces may be identified in the inner valley at lower eleva-
tions. The third from the bottom is of great importance in the study of the ground-
water hydrology, for during its later development channels were cut into it to a
deFth of as much as 200 feet below the present flood plain. The channels were soon
filled with sand and gravel, and they now constitute a most productive and in-
tensively used source of ground-water supply. The two terraces below this are of
importance because they contain cultural remains; the second eontains dart points
of the Yuma type, and the lowest contains more recent cultural remains. The
tivo lovlver terraces have, it is believed, been fitted into a late glacial and postglacial
chronology.

Ground water oceurs chiefly in Pleistocene and Recent sand and gravel and in the
Brule and Lance formations. The most productive wells, which include almost
all that are pumped for irrigation, industrial, and municipal supply, draw water
from the Pleistocene and Recent sand and gravel beneath the inner valley of the
North Platte River or beneath the third terrace north of the river. Many of these
wells yield as much as 1,000 gallons of water a minute. Most farm wells of the
area derive small but adequate supplies of water from cracks and crevices in the
Brule formation, which is the most widespread water-bearing formation that occurs
near the surface. A few wells in the western part of the county tap water under
artesian pressure in the Lance formation and obtain flows ranging from a trickle to
slightly more than a gallon a minute. The water from the Pleistocene and Recent
sand and gravel and that from the Brule formation is of good chemical quality and
is suitable for most purposes; water from the Lance formation is rather highly
mineralized.

The seepage of water diverted from the North Platte River for irrigation has
raised the water table in Scotts Bluff County and has greatly increased the flow
of tributaries to the river. The water table at some places is probably now 50 feet,
or more, higher than it was before irrigation was practiced. Return flow from
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2 SCOTTS BLUFF COUNTY, NEBRASKA

irrigation is believed to be several hundred thousand acre-feet of water a year.

The depth to ground water ranges from less than 1 foot to as much as 275 feet.
The ground water beneath most of the county, however, occurs at comparatively
shallow depths; in only 13 out of about 340 wells visited during the investigation was
the water level more than 100 feet below the surface. The movement of ground
water is in general toward the North Platte River, although locally it is toward
tributaries of the river, drainage ditches, or areas of shallow water table where
discharge through evaporation and plant growth is large. In the extreme south-
western part of the county the ground water moves southward toward Pumpkin
Creek in Banner County. Rather large seasonal fluctuations of water level,
cavsed chiefly by seepage from irrigation canals and irrigated flelds, occur in wells
in the area. The average of the water levels in 20 observation wells, on which
periodic observations were made from July 1937 to August 1938, had a maximum
fluctuation of about 6 feet. Seasonal fluctuations of water levels of more than 20
feet were observed in several wells.

Ground water is discharged from Scotts Bluff County by wells, plants, evapora-
tion, springs, streams, and underflow. Discharge by wells, which includes pumpage
and flow for farm, domestic, irrigation, industrial, and municipal purposes, is esti-
mated to be about 8,000 acre-feet of water a year (an average of about 7,300,000
sgllons a day). This compares with estimates of 100,000 acre-feet of ground water

ischarged from the zone of saturation by evaporation and transpiration and 325,000
acre-feet of ground water—mostly return flow from irrigation—discharged from
streams. The total discharge of ground water from the county is estimated to be
about 437,000 acre-feet a year. Recharge of ground water occurs chiefly from
seepage of irrigation water, precipitation, and underflow. By far the largest
amount of recharge is supplied by seepage from canals and irrigated fields. The
quantity of water added each year to the underground reservoirs is believed to
equal approximately the quantity of water that is discharged annually from them.

HISTORY, SCOPE, AND PURPOSE OF THE INVESTIGATION

The investigation of the geology and ground-water resources of Scotts
Bluff County was undertaken in pursuance of a cooperative program
that has been carried on continuously since 1930 by the Geological
Survey, United States Department of the Interior, and the Conservation
and Survey Division, University of Nebraska. It is the third of a series
of detailed areal studies to be made by the two agencies, the first having
included the south-central part of the State with special reference to the
glatte; Valley, and the second having included Keith County.! (See

g. 1.

Special hydrologic problems arising from these studies have been given
special attention, and some have been published separately.? In addition
to the collection and interpretation of data relating to these studies
several hundred observation wells were located and equipped in 1934, and
their water levels have been measured at intervals since. The records
have been tabulated and published in the series of annual water-supply
papers dealing with water levels and artesian head in observation wells
in the United States.? :

The field work on the present investigation was begun in July 1937
and was continued until mid-December of the same year. Weekly
measurements of the water levels in observation wells, however, were
continued throughout the winter and spring and early in the summer of

! Lugn, A. L., and Wenzel, L. K., Geology and ground-water resources of south-central Nebraska: U. S.
Geol.u%urve Water-Supply Paper 779, pp. 1-242, 1938. Wenzel, L. K., and Waite, H. A., Ground-water
resources of Keith County, Nebr.: U. 8. Geol. Survey Water-Supply Paper 848, pp. 1-68, 1941. ’

2 Wenzel, L. K., The Thiem method for determining meability of water-bearing materials, and its
application to the determination of specific yield: U. S. Geol. Survey, Water-Supply Paper 679-A, dplis ]};5;:

1036; Local overdevelopment of ground-water supplies with special reference to conditions at Gran
Nebr.: U. S. Geol. Survey Water-Supply Paper 836-E, pp. 233-281, 1940,
3 Wenzel, L. K., Methods of determining permeability of water-bearing materials: U. 8. Geol. Surveg'
ggf%gguppéyggaper 887, pp. 1-192, 1942. U. S. Geol. Survey Water-Supply Papers 777, 817, 840, 845, 886,
» x:l .
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4 SCOTTS BLUFF COUNTY, NEBRASKA

1938. The investigation was carried out under the general supervision
of O. E. Meinzer, geologist in charge, Division of Ground Water of the
Federal Geological Survey, and G. E. Condra, director of the Conserva-
tion and Survey Division, University of Nebraska. L. K. Wenzel, of
the Federal Geological Survey, was assigned active direction of the
project; R. C. Cady, of that organization, was responsible for the geo-
logic studies; and H. A. Waite, of the Nebraska State Geological Survey,
was responsible for the collection of hydrologic data. Howard Haworth
and Robert Lawrence, and, for a short period, Oliver Scherer, of the
State survey, manned the drilling rig furnished by the State and carried
out the program of test-hole drilling. E. L. Marlin, a temporary em-
ployee, measured the observation wells after the termination of the field
season. Margaret D. Foster, chemist in the Quality of Water Division
of the Federal Geological Survey, made chemical analyses of samples of
ground water and surface water in Scotts Bluff County.

The parts of this report that deal with the history, scope, and purpose
of the investigation, geography (except for the seetion on irrigation),
land forms, and geology, were written by Mr. Cady; the remainder was
written by Mr. Wenzel with the eollaboration of Mr. Waite, who pre-
pared the map showing location of wells and contours on the water table
and made many tabulations, including those of well records.

Ground water in a subhumid to semiarid State like Nebraska is a
valuable natural resource, lying stored in great porous reservoirs where
the soil and bedrock and topography permit, spilling into rivers and
streams and sustaining their flow, and furnishing water to wells and
springs for domestie, stock, municipal, industrial, and irrigation supplies.
Some of the rain that soaks into the soil ultimately reaches the zone of
saturation and replenishes the supply of ground water. Streams also
replenish it. The purpose of the present investigation, as of the others
carried on previously, is to discover as fully as possible the location and
distribution of the ground water in the area chosen for study; where it
can be recovered in large quantities at economically low costs; where
land owners must be content with small supplies; how much and at what
rate water can be taken from the water-bearing formations without
exhausting the supply; where the ground water comes from, and where
it is going; in what localities and under what conditions recharge and
natural discharge occur; the uses to which ground water is put, and how
much is used; at what depth below the land surface it lies; the distribu-
tion of water-bearing materials beneath the surface of the land, and
their capacity for storage and yield; the chemical character of the ground
water; and many other pertinent facts. The purpose is not only to
answer questions, however, but also to accumulate data that will make
possible the answering of special questions as they arise in the future.

In Scotts Bluff County the practice of irrigation by means of surface
water brought to the land from the North Platte River has introduced
the additional problem of return flow from the irrigated fields and from
leaking canals and reservoirs. This flow represents the water that has
escaped the roots of the crops and native vegetation, has reached the
zone of saturation, and has percolated back into the river, where it be-
comes available to water users farther downstream. During its transit
from field or canal to river, or to another point of discharge, the return
flow is by definition ground water and is subject to quantitative study
in this investigation.
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The writers take this opportunity to acknowledge their indebtedness
to O. E. Meinzer and G. E. Condra for their advice and counsel in plan-
ning and executing the investigation and preparing the report for pub-
lication. For specific cooperation in matters concerning the investiga-
tion thanks are due R. H. Willis, chief, Bureau of Irrigation, Water
Power, and Drainage, of the State of Nebraska; T. W. Parry, manager,
Pathfinder Irrigation District; E. C. Reed, assistant State geologist of
Nebraska; Kirk Bryan, professor of geology at Harvard University; and
A. L. Lugn, professor of geology, University of Nebraska. The writers
also acknowledge their indebtedness to the well owners, city officials,
and owners and managers of industrial establishments, for having fur-
nished information regarding the wells on their properties, and for having
permitted access for the purpose of gathering essential information.

GEOGRAPHY OF SCOTTS BLUFF COUNTY

Location.—Scotts Bluff County is situated at the west-central extrem-
.ity of the panhandle of Nebraska, where the North Platte River enters
the State. It is bounded on the north by Sioux County, on the east by
Morrill County, on the south by Banner County, and on the west by
the State of Wyoming. It is a little nearer the southern boundary of
the State than the northern. The city of Scottsbluff is about 420 miles
west of Lincoln, the capital of the State.

Area and population.—Scotts Bluff County is oblong in shape, having
an east-west dimension of about 36 miles and a north-south dimension
of about 20 miles. Its area is 723 square miles. In 1940 the total popu-
lation of the county was 33,917, a gain of about 5,000 during the decade
since 1930. The density of population, 46.9 persons for each square mile
of area, is one of the highest in the State. Nine communities are strung
along the river, four of which have populations of more than one thousand,
as listed below:

. Population
Gering (the county seat) 3,104
Henry. 176
Lyman R . 672
MecGrew.... 139
Melbeta 145
Minatare. 1,125
Mitchell . 2,181
Morrill 877
Scottsbluff........ 12,057

The 20,476 persons inhabiting these communities constitute a little
more than 60 percent of the population of the entire county. The rest
live on the numerous farms.

Agriculture—In 1940 there were 1,900 farm units in this county, em-
bracing essentially all the land, about half of which was harvested that
year. Most of the units are irrigated farms, dry farms, or livestock
ranches. Of the total, however, about half are “crop specialty”’ farms
of from 50 to 259 acres. On these are raised sugar beets, potatoes, hay,
alfalfa, beans, soy beans, and grain. About one-third of these crop-
specialty units are operated by the owners, and two-thirds by tenants on
a cash-rental or crop-sharing basis, or a combination of the two. Above
the highest irrigation ditches the lands are less intensively utilized, but
dry farming or cattle ranching are practiced. For the county as a whole
the chief crops are sugar beets, potatoes, and feed crops, including alfalfa,
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hay, corn, and other grains. Cattle for beef comprise most of the live~
stock, but some dairy cattle and hogs are raised.

Marketing is effected through Scottsbluff, Gering, Mitchell, and the
smaa(mlller communities, all of which are on improved highways and a rail-
road.

Manufacturing.—Manufacturing and industry relate chiefly to products
of the soil, and the establishments in Scotts Bluff County are mostly
engaged in extracting sugar from sugar beets, in meat packing and
rendering, and in storage of grain and other farm products. The Great
Western Sugar Co. operates factories in Lyman, Mitchell, Scottsbluff,
and Minatare. The relation of these manufacturing establishments to
the use of ground water is discussed on page 111.

Transportation—Transportation facilities in Scotts Bluff County, in
keeping with the high degree of its agricultural and industrial develop-
ment, are excellent. The Casper branch of the Chicago, Burlington,
and Quincy R. R., following the north bank of the North Platte River,
crosses the county and connects it with the West and markets of the
East. Similarly a branch of the Union Pacific R. R. parallels the south
bank, connecting directly with its main branch at North Platte. Both
railroads run numerous spurs to the beet dumps that are scattered
throughout the county. U. S. Highway 26, a hard-surfaced road, paral-
lels the river on the north side; and State Highway 86, a graveled road,
crosses the county from east to west on the south side of the river. State
Highway 29 enters the county from the north, connects with the east-west
road at Mitchell and continues southward to Harrisburg and Kimball
from Scottsbluff and Gering. State Highway 87, a graveled road strikes
northward from Scottsbluff to shorten the route toward the north-
east. Within the irrigated parts of the county the section roads which
have been improved by widening and graveling make the markets and
shipping facilities of the towns easily accessible to most of the population.
A scenic road has been completed by the National Park Service to the
summit of Scotts Bluff Monument. Great numbers of people visit the
summit and the museum at the base of the monument each year.

HISTORY

The history of Secotts Bluff County embraces the four chief stages in
the settling of the West. The North Platte Valley afforded an easy
route for the early explorers and trappers, the wagon trains of the emi-
grants passing westward, the cattlemen, and later the homesteaders.

This outline of the history of Scotts Bluff County is based chiefly upon
records accumulated by Merrill J. Mattes, historian and custodian,
Scotts Bluff National Monument, and upon information set forth in
“The Oregon Trail,” a Federal Writers Project of the Works Progress
Administration, published by Hastings House, New York, 1939.

The earliest known inhabitants of the county were those prehistoric
hunters who left flint dart points of the Yuma type as their only trace.
They hunted a species of bison that had become extinet by historic times.
At present there is no general agreement as to the antiquity of these
peoples, but they may have occupied western Nebraska during a moist
period that ended 8,000 to 10,000 years ago, or even at an earlier time
during the last stage of the Pleistocene or “Glacial” epoch. They were
followed some time later by another hunting, nonagricultural people,
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who did not use arrows or make pottery. Their implements have been
found in the lower and middle culture zones at Signal Butte. Next
came proto-Pawnee people of the Upper Republican culture, who prac-
ticed agriculture, made pottery, and constructed semisubterranean lodges.
After these came the sedentary tribes of the true Pawnee Indians, who
established farming villages of earthen huts in the valley and hunted on
the plains. The earliest white men in the Platte and Loup valleys found
them living thus. About 1760, Indians of the Sioux, or Dacotah, tribes,
who then gardened and hunted in the forests west and south of Lake
Superior, were defeated by the Chippewa Indians, who had obtained
guns from French traders. Gradually the Dacotahs moved out into the
plains, discarded their old arts and ways of life, acquired horses and
assumed the culture of the Plains Indians, based on the horse, the buffalo,
the arrow, and later the gun. The Brule and Ogallala bands of the
Teton Dacotahs with their allies, entered into a merciless warfare against
the established tribes of the Pawnees and drove them eastward out of
the North Platte Valley.

In 1759 the brothers Mallet and six other Frenchmen from Canada
found a wide, shallow river, and translating an Oto Indian name for it,
“Nibrathka,” into their own language, they called it the Platte. The
Wilson Price Hunt party was the first group of white men to pass over-
land through the North Platte Valley toward the west. They made the
journey in 1811-12 and opened the way for the trappers, who for the
next 30 years traversed it as the best route between the towns on the
Missouri and Mississippi Rivers and the trapping lands of the Oregon
country. About 1828 Capt. Hiram Secott fell sick while journeying east-
ward, probably near the junction of the North Platte with the Laramié
River. Abandoned by his companions he crawled to a spring at the
south foot of Scotts Bluff and there died. Those who found his skeleton
named the bluffs after him. The history of the Oregon Trail as a wagon
route began in 1830, when a party of trappers under the leadership of
VWilliam Sublette set out for the Oregon country with 80 men astride
saddle mules, 10 wagons each drawn by 5 mules, 2 dearborns with 1 mule
each, and 12 head of cattle including 1 milk cow. In 1832 Captain
Bonneville, acting under secret orders from Washington, led a wagon
train to Oregon.

Complex motives and pressures—economic, romantie, political, im- .
perialistic, and perhaps racial—sent emigrants pouring across the plains,
often called the Great American Desert, laden with seed, powder, tools,
food, and heirlooms, to Oregon and California. The Oregon Trail
passed through Scotts Bluff County. Their wagons followed the lower
slopes and floodplain of the North Platte River on the south side, crossed
the Scotts Bluff salient of Wildeat Ridge at Roubadeau Pass, and re-
turned to the river near the mouth of Horse Creek. The trail had a
complex system of feeders, but most of the emigrants started from
Independence, Mo., went northwestward into Nebraska, thence followed
along the south bank of the Platte past Grand Island and North Platte,
crossed the South Platte at the Lower California crossing, west of Brule,
in Keith County, or at the Upper California crossing, just west of Lodge-
pole Creek. Here they parted company with those who were taking the
Overland Trail, and took the branch of the Oregon Trail that entered
{,)he Ngrbh Platte Valley near Courthouse Rock and led to Fort Laramie

eyond.
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In 1847, when about 4,500 other emigrants journeyed to Oregon and
about 1,000 to California, the first party of Mormons set out for Utah
under the leadership of Brigham Young. Leaving their winter quarters
in Council Bluffs, Iowa, on April 7, 143 persons, including 3 women and
2 children, followed the north bank of the Platte, and 3 months and
17 days later passed Scotts Bluff. Other parties left the same year,
bringing the total number of Mormon emigrants in 1847 to 1,553 persons.
In 1849, after gold had been found in California, more than 25,000 people
went over the Oregon Trail to California, and 400 to Oregon.

At this time several trails split off at Fort Kearney, followed the
South Platte and rejoined the main trail at Fort Laramie. In 1848 or
1849, Basil Roubadeau built a smithy where, for a substantial considera-
tion, the emigrants were permitted to work at the forge, shoeing their
horses and repairing wagons. In 1852, Arapaho or Kiowa Indians de-
stroyed the post, and about the same time soldiers from Fort Laramie cut
a passable trail through the shorter route by Mitchell Pass. Roubadeau
moved his trading post to Carter Canyon, not far from a similar post
established by the American Fur Co. in Helvas Canyon. Emigrants
used both passes, for whereas the Mitchell Pass route was shorter, it
provided an excellent ambush for hostile Indians. Until the early 60’s
the great wagon trains bore their burdens over the Oregon Trail in what
has been termed the greatest folk migration in all history. More than
3,000,000 human beings are said to have traversed the Oregon Trail.
The trail can still be seen in the two passes, eroded by water and drifted
with sand.

The Pony Express was operated from April 3, 1860, to October 24,
1861, when the transcontinental telegraph line was completed. In 1863
and 1864, Fort Mitchell, 214 miles northwest of Mitchell Pass, guarded
the emigrants passing through the narrow part of the trail back of Scotts
Bluff, but from 1862 to 1865 the Indians, still numerous, desperate, and
hungry, made the old trail so unsafe that most of the traffic was routed
through the South Platte Valley. In June 1865 a battle took place at
Horse Creek between 135 soldiers and 1,500 Indians, whom they were
escorting from Fort Laramie to Fort Kearney. The trouble with the
Indians was doubtless one reason for building the Union Pacific Railroad
through the South Platte and Lodgepole Valleys, from 1865 to 1869,
instead of through the North Platte, as originally planned.

By 1870 a few people had come to regard the country about Scotts
Bluff County as a place in which to make a home. Already ‘“road
ranches” had grown up along the trail, where fodder could be bought
and trail-worn cattle traded for fresh ones. By 1871, cattle ranches had
been established on Horse Creek, and 12,800 head of cattle had been
turned loose there; in that year 45,000 more were pastured on the open
range. There was great expansion from 1876 to 1881. The country
was overstocked, however, and barbed wire fences were being erected as
early as 1874-77. Homesteaders began to arrive about 1885. Since then
ranching has become more scientific, and the grazing lands are now
generally fenced.

In 1872 sugar beets had been raised experimentally, and in 1888 several .
farmers near Grand Island harvested a successful crop of them. In 1888
the first large canals were constructed to bring water from the North
Platte River to the lands along its margin. More than any other single:
factor, the raising of sugar beets by irrigation brought prosperity to
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Scotts Bluff County. By 1890 twelve irrigation companies had been
organized in the North Platte Valley and by 1895 there were 118 miles
of canal in Scotts Bluff County. But the years 1890 to 1895 were dis-
astrously dry. In the summer of 1890, hot winds did great damage.
Consequently about three-fourths of the settlers left the region.

CLIMATE

Western Nebraska is characterized by a climate of the continental
type. The weather is variable from year to year, but usually the summers
are very hot and the winters are very cold. The precipitation reaches a
maximum in spring or early in summer and dwindles to very small .
amounts in the winter when it usually takes the form of light dry snow.
The summer rains come largely in local thunderstorms. During the
passage of the feeble summer cyclonic disturbances these storms are often
numerous, so that several may be visible at one time. Many of them -
remain small, and the rain curtain hanging darkly from the clouds may
never reach the earth. On occasions, however, they become violent, and
rainfall of high intensity may occur. Sometimes hail, lightning, high
winds, and flood may work considerable destruction to man-made
structures, crops, and even to human life. Rarely, tornadoes accompany
such storms in summer. Rainfall coming in such local showers is likely
to be unevenly distributed over a county, and as shown in table 4, the
four rainfall stations record quite different monthly amounts of precipi-
tation. Even the normal precipitation differs among the stations. The
rainfall is variable from year to year, and extremely dry periods like
those that prevailed from 1890 to 1895 and from 1930 to 1937 cause
repeated crop failures, except where the land is irrigated. In summer,
during the day the wind generally blows steadily from the southwest,
but during the night it diminishes. Cyclonic winds occasionally prevail,
however, and for a few days the diurnal variation of wind velocity may
be suspended. In fall and winter and early in spring the wind blows
more steadily, prevailing from the west and northwest. In the cold
seasons, when the cyclonic circulation of the prevailing westerlies is more
vigorous, cold anticyclonic winds from the northwest are likely to raise
much dust from cultivated fields and dirt roads, and soil is drifted to
the fences at the southern and eastern sides of some fields. The preva-
lence of strong dry winds makes for rapid evaporation; the Weather
Bureau records show that during the warm season as much as 5 to 10
inchei’,1 of water evaporates from experimental evaporation pans in a
month.

The growing season is about 5 months. At Scottsbluff the last killing
frost in spring and the first killing frost in fall came, respectively, on
April 29 and September 24 in 1937, and on May 9 and October 18 in
1938; at Lake Minatare, on April 30 and September 25 in 1937, and on
May 9 and October 8 in 1938; in Mitchell, on May 13 and September 24
in 1937, and on May 8 and October 18 in 1938.

The accompanying tables show the normal monthly and annual air
temperature, and the monthly and annual air temperature for 1937 and
1938; the normal monthly and annual precipitation, and the monthly
and annual precipitation for 1937 and 1938, at all stations in Scotts
Bluff County. The annual rainfall recorded at Scottsbluff from 1889
to 1938 is given in another table on page 12.
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Annual precipitation at Scottsbluff, 1889 to 1938

1914....
1915....
1916....
1917....
1918

22.68
1919.... 12.33
1920 18.26 .
1921 12.62 | 1938 19.52
1922 16.95

SOIL AND VEGETATION

Detailed descriptions of the soils are contained in the report on the
soil survey of the Fort Laramie area in Wyoming and Nebraska, by
A. O. Veatch and R. W. McClure, and the report on the Soil Survey of
Scotts Bluff County, Nebr. by L. T. Skinner and M. W. Beck, both
issued by the Bureau of Soils, United States Department of Agriculture,
Washington, D. C. The soils of the upland areas belong to the Rosebud,
Valentine, Orella, Goshen, Dawes, and Canyon series; the terrace, or
second-bottom soils, belong to the Tripp and Cheyenne series; and the
first-bottom or flood-plain soils belong to the Laurel, Minatare, and
Orman series. The Rosebud series are grayish to light-brown residual
soils developed on the Arikaree sandstones. The Valentine series con-
sist of recent soils developed on the mantle of wind-blown sand that
covers much of the land surfaces above the flood plain. It is to be dis-
tinguished from dune sand. The Orella series occupies low flat lands
underlain by Chadron and Brule fine-grained sediments, and is derived
from the weathering of these formations. The Goshen series is similar
to the Rosebud and may be regarded as a poorly drained phase of it.
Goshen soils occur in swales in headwater flats of the uplands. The
Dawes series is also similar to the Rosebud but has a greater concentra-
tion of mineral salts and a less pervious subsoil. The Canyon series is
derived from fine-grained wash from Tertiary sediments and-occupies
rolling to hilly areas where slopes are steep. The Tripp series is char-
acterized by a loose surface soil with a heavier subsoil layer and is de-
veloped on the low alluvial terraces of the North Platte River and its
larger tributaries. The Cheyenne series has a porous substratum and
no heavy subsoil layer, but its mode of occurrence is similar to that of
the Tripp. The Laurel series, occupying the flood plain, is a thin soil
developed on a coarse alluvium. Soils of the Minatare series are plastic,
fine-grained, dark-colored, poorly drained, and alkaline. They overlie a
substratum of gravel. The Orman series is dark and impervious and
contains much organic matter.

The dominant natural vegetation in Scotts Bluff County is grass.
Sandgrass, stipa, buffalo grass, bunchgrass, and grama are the most
common varieties on the uplands. “Wild hay” grows profusely in un-
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drained or swaley areas, such as abound along the flood plain of the
river; it consists chiefly of the upland varieties associated with blackroot,
western wheatgrass, saltgrass and marsh grasses. Yucca, or soapweed,
and sage characterize areas of dune sand. Trees are locally humerous;
in the rough uplands, chiefly in Wildcat Ridge south of the river, stunted
pines and small cedars form a sparse forest, with a few shrubs such as
mountain-mahogany, and wild plum. Along the river are thickets of
cottonwood, willow, buffaloberry, and boxelder. Cattails have invaded
areas kept moist by seepage from irrigation canals.

IRRIGATION

Most of the tillable land in Scotts Bluff County is irrigated. Records
collected by the 15th Census show that in 1930 the county contained
1,793 farms, of which 1,609, or about 90 percent, were irrigated by water
diverted from streams or by water pumped from wells. Of 378,683 acres
of land included in farms in 1929, 193,816 acres, or about 51 percent,
were irrigated.

Irrigation has been carried on to some extent in Scotts Bluff County
almost since the advent of the first agricultural settlers. In the 1880’s
many farmers realized that the precipitation in the county, which is
nearly the lowest for any part of Nebraska, was insufficient in most years
to produce successful crops, and that supplemental water was essential.
The farmers naturally turned to the broad swiftly-flowing North Platte
River, which at that time seemed to constitute an unlimited supply, and
soon constructed canals and diversion dams to lead the water to their
fields. According to Darton 4 the Winter Creek, Minatare, and Enter-
prise canals were built in 1888 and 1889, although the Enterprise canal
was not completed until somewhat later. The Mitchell, Ramshorn,
Gering, Castle Rock, Farmers, and Bayard canals were constructed at
about the same time or a little later. These canals served land on the
lower terraces, to which water from the river could be conducted with
much less expense and difficulty than to the higher lands lying farther
back.

The irrigators soon felt concern lest water users upstream from them
divert so much water from the river during periods of low flow that the
quantity reaching the headgates of their canals would be inadequate to
supply their demands. They directed appeals to the State Legislature
to enact laws and set up a governing body to protect their water rights.
Considerable publicity was given to these demands, public attention
became focused on irrigation and its relation to agriculture in Nebraska.
The publicity thus given to irrigation reacted unfavorably on some
residents of central and eastern Nebraska, who had migrated from the
eastern part of the United States and in whose minds irrigation was
associated with desert regions where people struggled along on a few
acres of land to produce a scant living. They believed that the agri-
cultural reputation of the State would be ruined and the influx of farmers
would cease, if it were found that irrigation was necessary. The irri-
gators for a time experienced considerable opposition to their demands
for protective legislation, but the success and merit of the irrigation
enterprises were proven during a series of dry years in the early nineties

4 Darton, N. H. Preliminm-:i;eport on the geology and water resources of Nebraska west of the 103d
meridian: U. S. Geol. Survey Prof. Paper 17, pp. 54-55, 1903.
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when crop failures were widespread on unirrigated land of the State.
Legislation favorable to irrigation was passed in 1895, public opinion
swung to the opposite extreme, and many people contended that all
the land in Nebraska could be, and eventually would be, irrigated by
water obtained from streams or from underground sources.

Gradually, it was seen that in some areas in the State the supply of
water for irrigation was inadequate, the soil unadaptable, the slope of
the terrain unfavorable, or the cost of supplying water to the fields
exorbitant. The development of irrigation then became a matter of
individual or group initiative of those who had the good fortune to settle
in areas where conditions for irrigation were most favorable.

In Scotts Bluff County irrigation developed rapidly; the soils proved
particularly adaptable, the yield of irrigated crops large, the slope of the
land good, and the supply of irrigation water reasonably adequate. In
1889 Scotts Bluff County had the third largest irrigated acreage of any
county in the State—2,743 acres. By 1899 the irrigated acreage in the
County had increased to 29,244, and the county then assumed a lead in
irrigated acreage in the State that it did not lose, about 100,000 acres
being irrigated in 1909, about 173,000 acres in 1919, and about 194,000
acres in 1929. The irrigated acreage in Scotts Bluff County in 1929
constituted about 46.5 percent of the total irrigated land of Nebraska.

The Nebraska Statutes provide for the distribution of water from
streams on the basis of priority of claim or application. A list of claims
and applications given in the twenty-second biennial report of the De-
partment of Roads and Irrigation 5 show that the first appropriation for
diversion from the North Platte River in Scotts Bluff County was
granted to the Farmers Irrigation District and was given September 16,
1887, as the date of priority. The appropriation was for 905 cubic feet
a second. The list indicates that appropriations in Scotts Bluff County
dated prior to 1890 total about 1,500 cubic feet a second, and those
dated prior to 1900 total slightly more than 2,100 cubic feet a second.

By 1900 the early optimism regarding the adequacy of the supply of
the North Platte River for irrigation was proved to be unfounded.
During periods of low flow almost all the water was diverted from the
river in the extreme western part of the State and little if any was left
for canals downstream. H. H. Pickens, ¢ of the State Board of Irriga-
tion, wrote of conditions in the North Platte River in August 1898: “I
found the North Platte River practically dry to the east line of Cheyenne
County (now Morrill County), something rarely, if ever, known before.
This unexpected failure of the water supply resulted in serious losses to
the farmers.”

The contrast between nearly complete utilization of the waters of the
North Platte during irrigation seasons and the tremendous wastage during
spring floods directed attention toward the possibility of retaining in
storage a part of the spring runoff for use in subsequent months, when
the normal flow of the river is low. Soon after the Reclamation Act
of June 17, 1902, was passed, investigations were started for the purpose
of ascertaining the irrigation possibilities of the North Platte drainage
area in Wyoming and Nebraska. These investigations led to the con-

5 Nebraska Dept. Roads and Irrig., 22d Bien. Rept., pp. 236-39, 1937-38.
¢ Pickens, H. H., in Nebraska State Engineer, 2d Bien. Rept., 1897—98 p- 205, 1899,
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struction of water facilities described by the Bureau of Reclamation, ?
as follows:

Water for irrigation is obtained by the storage of flood water of North Platte
River in Pathfinder and Guernsey Reservoirs, having a conbined capacity of
1,141,060 acre-feet at spillway level. The Pathfinder Dam, one of the largest
masonry dams in the world, rises 218 feet above its rock foundation. This storage
is supplemented by smaller reservoirs on the Interstate Division. Economy in
distribution is secured by regulation at the Guernsey Reservoir. Power plants
located near Lingle, Wyoming, and at the Guernsey Dam furnish electrical energy
for the needs of the project, Pathfinder Reservoir is located about 50 miles south-
west of Casper, Wyoming. Water is released as needed and flows down the North
Platte River for a distance of 168 miles to the Guernsey Reservoir which acts as a
re%ulatin reservoir. This reservoir is located approximately 7 miles above the
Whalen Diversion Dam, where the water is diverted into the Interstate canal
which carries water for the irrigable land under the Interstate Division on the
north side of the river and into the Fort Laramie canal which carries water for the
irrigation of the irrigable land under the Fort Laramie Division on the south side
of the river. A diversion is also made near the State line through the Tri-State
canal of the Farmers Irrigation District to water irrigable land under the North-
port Division. The storage reservoirs, the Whalen Diversion Dam and the power
system are operated and maintained by the Bureau of Reclamation. The water is
distributed to each individual tract of land through a network of canals and laterals
operated and maintained by the Pathfinder Irrigation District on the Interstate

ivision; the Goshen Irrigation District and the Gering and Fort Laramie Irri-
gation District on the Fort Laramie Division; and the Northport Irrigation District
on the Northport Division. The water supply is ample for the land to be irrigated
and surplus water has been sold to private irrigation districts in the valley, subject
however to the prior right of use for the lands under the project.”’ .

The Interstate canal enters Scotts Bluff County from Slopx County
about 18 miles east of the State line and continues into Morn]l.County;
the Fort Laramie canal enters directly from Wyoming and ends in south-
eastern Scotts Bluff County. Both eanals traverse the higher terrace
lands of the valley and serve much of the land that cannot be reached
with water from the older canals. Notable features connected with
these enterprises in the county are Lake Alice and Lake Minatare,
storage reservoirs northeast of Scottsbluff, with a combined capacity of
about 72,000 acre-feet, and a tunnel about 4 miles west of Scotts Bluff
National Monument through which water in the Fort Laramie canal is
conducted beneath a high ridge to Cedar Valley. o

A myriad of canals, laterals, and ditches (fig. 2) have been built in
Scotts Bluff County in order to make water available to the farms.
Accorc.hng to the 15th Census there were 314 miles of main canals and
916 miles of laterals in Scotts Bluff County in 1930. In addition, there
are many miles of smaller ditches. The aggregate capacity of the main
canals in 1930 was more than 4,000 cubic feet a second.

The intensive application of surface water to the land in Scotts Bluff
County has raised the ground-water level considerably throughout most
of the county and has greatly increased the flow of many small streams.
Drainage ditches have been constructed in order to prevent the ground-
water level from rising sufficiently close to the land surface to harm the
growth of crops. In 1930, according to the census, .apprommately
142,000 acres, about 73.5 percent of the land irrigated in the county,
also were served by drainage enterprises. Scotts Bluff County contained
about 143 miles of drainage ditches in 1930.

The great extent to which irrigation has affected ground-water and
surface-water conditions is well illustrated by the increase in volume of
inflow to the North Platte River from the small streams of the area.

7 U. S. Bur. of Reclam., North Platte Irrig. Dist., Nebraska-Wyoming, Map No. 23600, 1930,
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Fraure 2.—Map of Scotts Bluff County and southwestern Sioux County, showing main irrigation canals
and laterals.

The surface inflow between the State line and Bridgeport increased from
less than 25,000 acre-feet in 1911 to nearly 700,000 acre-feet in 19278
Since 1927 the annual inflow has ranged considerably but in no year has
it fallen below 300,000 acre-feet. In the water year ending September
30, 1938, the surface inflow to the river between the State line and
Bridgeport was 441,616 acre-feet. In addition, 53,304 acre-feet was
diverted from the streams, creeks and drains above their confluences
with the river, making a net surface inflow of nearly 500,000 acre-feet.
During the same period the discharge of the North Platte River at the
Wyoming-Nebraska State line was 544,400 acre-feet, which was only
about 10 percent more than the net surface inflow between the State
line and Bridgeport. A large volume of water is, however, brought into
the county each year in the Interstate and Fort Laramie canals, and
hence the discharge of the tributaries in 1938 was considerably less than
the total surface inflow to the county.

s Nebraska Dept. Roads and Irrigation, 22d Bienn, Rept., 1937-38, p. 693.
¢ Op. cit., p. 694.
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LAND FORMS
MAJOR FEATURES

Seotts Bluff County occupies an area where the High Plains have been
deeply and extensively eroded. During the Tertiary period rivers from
the Rocky Mountains deposited gravel, sand, silt, and clay in the form
of a great alluvial piedmont plain, whose original surface would now lie
at an altitude of 5,000 to 6,000 feet above sea level in Scotts Bluff County.
Since Tertiary time the trunk rivers and their tributaries have changed
from agents primarily of deposition to agents primarily of erosion, and
great valleys have been cut into the plains. The North Platte River has
cut a valley about 1,000 feet deep through which it flows southeastward
from the northwestern corner of the county to the southeastern corner.
(See pl. 1.) The inner valley, consisting of the flood plain and the lower
slopes, is 5 to 8 miles wide. Here are the towns, the routes of trans-
portation, and the intensive agriculture that has been made possible by
irrigation. On either side of the inner valley are the rough higher slopes
and table lands of the old valley, land forms that were hewn out chiefly
during past erosion cycles. Even the table lands and buttes that at
first glimpse appear to be a part of the High Plains are in reality in-
completely degraded portions of the old valley.

Probably the first feature that a stranger would observe on entering
the North Platte Valley in Scotts Bluff County is the magnificent bluffs
that tower above the river on the south side. These bluffs are the
riverward boundary of a ridge, or table-land remnant, which parallels
the river from a point beyond the eastern border of the county almost
to the Wyoming State Line. This upland remnant is the divide between
the valleys of the North Platte River and Pumpkin Creek, and is called
Wildcat Ridge. The side of the ridge adjacent to the North Platte
River has been frayed by stream erosion into a suecession of deep and
wide reentrants separated by narrow but prominent salients that jut out
to within a mile or two.of the river. Chimney Rock is the northeastern-
most point on one such salient, just east of the county line; Castle Roek,
Table Rock, Steamboat Rock, and several other nearby prominences
comprise a somewhat eroded salient; another, still nearer to complete
destruction may be seen in the low hills southwest of Minatare; the
largest, most prepossessing, and best known salient is Scotts Bluff, near
Gering and Scottsbluff. This mass has been cut off from the rest of
the Wildeat Ridge by streams in Cedar Valley that cut back toward the
west. A sweeping concave slope rises from the flood plain of the river
to the foot of the bluffs. This slope is steepest where the bluffs approach
nearest the river, and is rather flat in the reentrants. The bluffs them-
selves are most precipitous at the points of the salients. Scotts Bluff
stands nearly 800 feet above the river, of which about 500 feet is prac-
tically a vertical cliff. In the parts of the reentrants most distant from
the river the bluffs are in some places covered with colluvial detritus to
form a graded slope. Because Wildeat Ridge is a narrow upland, and
because the distance from the river to the bluffs is short, the tributary
streams have small drainage areas, and are ephemeral or intermittent.
In flowing over soft rock, however, they have cut deeply into the upland.
In the southwestern part of the county Wildcat Ridge has been eroded
away completely, the divide between the North Platte and Pumpkin
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Creek valleys being a low pass at the head of a deep reentrant. The
lowland in the northern part of the reentrant will be referred to as the
Lyman plain. Owl, Kiowa, and Horse creeks flow from the highlands
through it to the North Platte River.

The appearance of the northern side of the North Platte Valley in
Scotts Bluff County is quite unlike the southern side. Instead of the
slope and the bluffs, one sees a gentler sloping, broader land surface
rising toward no prominent bounding escarpment. The slope of this
surface is not uniform, but is broken up into a succession of wide, sloping
terraces. The northern side of the valley rises more abruptly in the
northwestern part of the county than in the eastern part. On this
sloping surface are some prominent terrace remnants in the form of hills
that are aligned in a direction about parallel to the river 6 to 8 miles
back from it. These hills are also elongated in the direction of their
alignment. They stand 100 to 200 feet above the surrounding terrain
but have no great areal extent. Behind them is a second line of hills
separated from one another and from the upper slopes of the valley by
lowlands formed during subsequent erosion cycles.

The tributary streams that enter the river from the north occupy long
narrow valleys, which head far up in the higher slopes of the North
Platte Valley, although not on the highest upland levels. Sheep Creek
enters the inner valley at a point about 114 miles west of Morrill. It
heads about 30 miles north of the river in Wyoming, and is the longest
of the tributaries that enter the river from the north in Scotts Bluff
County. The valley is narrow, with a well-developed terrace below which
the stream has cut a shallow channel. The stream shows evidence of
having possessed erosive power in fairly recent geologic time, but at
present its valley is obstructed with a deposit of dune sand at a point
about 3 miles north of the Scotts Bluff County line, in Sioux County.
Other sand hills have partly closed the mouth of the valley. Sheep
Creek has a tributary that meets it a short distance south of the Sioux
County line. This tributary is called Dry Sheep Creek and heads about
10 miles north of the river, in Sioux County. Near its head the stream
occupies an extensive lowland that it has not dissected since before the
last two cycles of downcutting; an abrupt change in gradient of the
valley floor separates this part of the valley from the lower reaches where
the stream has been actively eroding in rather recent time. The Inter-
state canal crosses Dry Sheep Creek at this break in slope.

Another pair of streams enter the valley of the North Platte northwest
of Mitchell. The streams do not actually meet, but their valleys are
so similar and so close together that they have been named Dry Spotted-
tail and Spottedtail creeks. Dry Spottedtail Creek heads about 18 miles
north of the river in the rugged topography of the outer valley. The
headwaters of Spottedtail Creek mingle in with those of Dry Spottedtail,
but its most distant headwater tributaries empty into an undrained rem-
nant of a land surface that has not been dissected by recent stream action.
Low terraces are prominent in both valleys. )

A pair of unnamed valleys join at the point where they debouch on to the
floor of the lower valley of the North Platte, about half way between
Mitchell and Scottsbluff. Neither of these valleys has been dissected
during the last two erosional stages. They meet upstream in section 4,
T. 23 N., R. 55 W., almost at the Sioux County line to form a single
valley. The uppermost reaches of the valley are occupied by active and
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eroding headwater tributaries that have been cutting into the escarpment
and the higher levels beyond, but at a point southwest of Wind Springs
they empty onto an old land surface that has not been recently dissected.

Winter Creek enters the inner valley of the North Platte about 2 miles
northeast of the city of Scottsbluff. Its valley is narrow in most places,
but like most of the other tributaries on the north side of the North
Platte, it crosses undissected lowlands or basins that were formed during
previous erosion cycles. Such lowlands are those now occupied by Lake
Alice and Lake Minatare. Terraces are prominent in Winter Canyon.

Ninemile Creek is the tributary that comes into the valley farthest
east in Scotts Bluff County. Es<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>