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CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

GROUND-WATER RESOURCES OF MIRAGE FLATS,
NEBRASKA

By C. F. KEECH

ABSTRACT

Mirage Flats is a nearly flat terrace adjacent to the left bank of the Niobrara 
River in western Sheridan County, Nebr. About 12,000 acres of terrace land is 
included in the Mirage Flats Irrigation District and is irrigated with water di­ 
verted from the Niobrara River at a point 8 miles downstream from the onstream 
Box Butte Reservoir. Because, in dry years, the amount of water stored in the 
reservoir is inadequate to meet the demand, farmers have installed wells which 
they pump from when water from the river is in short supply.

Studies by the U.S. Bureau of Reclamation indicate that about 6,000 acres 
outside the irrigation district are irrigable and could be served by extending the 
present system if adequate water supplies could be assured. Some of these 
lands are now (1963) being irrigated from privately owned wells.

This study was made to evaluate the ground-water supply and to document the 
present hydrologic conditions.

Infiltrating irrigation water has increased the amount of ground water in 
storage and raised the water table. To date withdrawal of ground water for 
irrigation has not appreciably changed the rising trend of the water table.

If properly managed, the existing water supply surface water plus ground 
water appears to be adequate for irrigation of all irrigable lands in the Mirage 
Flats area. Pumping ground water to supplement the supply of surface water, 
in dry years, would create storage space for recharge during normal or wet years, 
and would stop or reverse the trend of the presently rising water table and thus 
lessen the chance that some lands might become water logged.

Compared to most ground and surface water in Nebraska, the water in Mirage 
Flats is low in mineral content. No water quality problems should be expected 
from its use for irrigation purposes.

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

In 1961 the Mirage Flats project, which comprises 12,000 acres of 
irrigated land in northwestern Nebraska, had been in operation 15 
years. This irrigation project is small compared to others in the 
West but has been one of the most successful. The U.S. Bureau

BBl
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of Reclamation is investigating the feasibility of providing sup­ 
plemental water to the existing project and of increasing the size 
of the project area to include adjacent lands most of which are north­ 
east of the present irrigated area. These lands are referred to by the 
Bureau as the "Mirage Flats Unit," and consideration is being given 
to obtaining part of the irrigation supply for the unit from ground- 
water sources.

The Bureau of Reclamation requested that the U.S. Geological 
Survey determine the depth and configuration of the water table in 
Mirage Flats and adjacent lands, determine the quality of the ground 
water, and compile the available data pertaining to the aquifer. The 
investigation was begun in July 1961 as part of the program of the 
U.S. Department of the Interior for the development of the Missouri 
River basin.

LOCATION AND EXTENT OF THE AREA

Mirage Flats, a topographic feature, is relatively flat land on the 
irregularly shaped terrace which lies adjacent to and north of the flood 
plain of the Niobrara River in the west-central part of Sheridan 
County in northwest Nebraska. Hay Springs, the nearest town, is 
about 12 miles north of the area. The area studied in detail contains 
about 130 square miles and includes the Mirage Flats project lands 
plus adjacent lands, some of which are irrigated with ground water 
from privately owned wells. State Highway 87 traverses the area in 
a north-south direction, and the headquarters of the Mirage Flats 
Irrigation District is located on this highway about 2 miles north of 
the Niobrara River.

HISTORY OF MIRAGE FLATS

Homesteaders settled Mirage Flats in the early 1880's. For a few 
years they harvested good crops, but droughts in the late 1880's and 
in 1893-94 were so severe that crops were a total loss. The early 
settlers had migrated from the humid eastern states and knew so little 
about methods of dryland farming that they soon became discouraged 
and most of them emigrated from the homestead area. Those who 
did not leave formed an irrigation company and constructed a water- 
supply system consisting of a dam on the Niobrara River near Dunlap 
and a canal which extended nearly 20 miles and iacluded two wooden 
flumes.

Some water was diverted to the land, but irrigation requirements 
greatly exceeded the available supply because no provision was made 
for storage of water near the use area and the supply canal leaked 
excessively. The system was abandoned in 1903 after several un­ 
successful attempts were made to irrigate the crops. It received the
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coup-de-grace when high winds collapsed one of the two wooden 
flumes on the supply canal and a prairie fire destroyed the other.

Largely to help alleviate the dire economic conditions resulting 
from crop failures during the, drought and depression of the 1930's, 
the present Mirage Flats project was authorized under the Water Con­ 
servation and Utilization Act and was approved by the President of 
the United States on April 26, 1940. The project was developed 
jointly by the Bureau of Reclamation of the U.S. Department of the 
Interior and the Farm Security Administration of the U.S. Depart­ 
ment of Agriculture. (On July 1,1945, the Farm Security Administra­ 
tion became part of the Soil Conservation Service.)

The Bureau of Reclamation constructed the Box Butte Dam and 
Reservoir, the Dunlap Diversion Dam, and the canal and distri­ 
bution system. (See fig. 1.) The Farm Security Administration 
purchased the 12,000 acres of land in 1940 and laid it out for irri­ 
gation. Later, the Soil Conservation Service developed the land for 
irrigation and parceled its 111 units to selected applicants, most of 
whom were veterans of World War II.

Construction of the Box Butte Dam began in January 1941 and 
continued to December 1942. Work on the project was discontinued 
during World War II, resumed in 1944, and completed in 1948. The 
Bureau of Reclamation administered the distribution of water to the 
project lands until January 1, 1951, at which time it was taken over 
by the Mirage Flats Irrigation District.

The Box Butte earth-filled dam across the Niobrara River is about 
8 miles north of the city of Hemingford. The reservoir above the 
dam had an initial capacity of 31,060 acre-feet. The stored water 
is carried in the existing river channel for about 8 miles downstream 
to a diversion dam near Dunlap where the flow is diverted into the 
main canal that extends 18 miles to the project. The canal has a 
16-foot bottom and a capacity of 220 second-feet. Water was first 
turned into the system September 1, 1946.

The amount of water diverted annually into the supply canal by 
the Dunlap diversion dam is about 17,040 acre-feet. The following 
amounts were diverted during the period 1955-60.

Year Acre-feet
1955-_._____._._____._.__ 15, 630
1956...___________________ 16, 090
1957____________________ 15, 240

Year Acre-feet

1958___-___________ 16, 200
1959_____-___-__-._------- 19,890

_______   _____--._ 19, 200

NATURE OF THE PROBLEM

Water stored in the Box Butte Reservoir on the Niobrara River in 
the Mirage Flats project area has not been continuously adequate 
to meet the irrigation demand, and the supply has been smallest in
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dry years when needed most. Consequently, some farmers have 
augmented the supply from ground-water sources. The amount 
of irrigable land is considerably larger than the area now served by 
the Mirage Flats Irrigation District. Wells are being installed Jt>y 
farmers to irrigate these lands and the demand for ground water 
is increasing.

Studies by the U.S. Bureau of Keclamation indicate about 
6,000 additional acres of land could be irrigated by extending the 
present irrigation system if additional water supplies could be de­ 
veloped. Possibly part of this additional supply could be developed 
from ground-water sources. It is imperative, therefore, to investi­ 
gate the occurrence and chemical quality of ground water in the 
Mirage Flats vicinity in order to evaluate more accurately the availa­ 
ble supply, and to document conditions prior to application of ad­ 
ditional water to the land or to drilling additional irrigation wells.

Use of water for irrigation on the project lands already has caused 
some changes in the ground-water regimen; and with increased use of 
this water, additional changes can be anticipated. Kecharge from 
the water that is spread on the land has caused the water table to 
rise in places and may have changed the chemical quality of the 
ground water slightly, although historic data regarding the quality 
are not available.

This study was made principally to describe the ground-water 
conditions in 1961. To determine the probable effect with time on 
ground-water resources of applying more water to the land or of 
withdrawing larger amounts of ground water would require a more 
comprehensive study.

PREVIOUS INVESTIGATIONS

No comprehensive study has been made previously of the ground- 
water resources of the area that includes Mirage Flats, although the 
geology and ground-water resources of the upper Niobrara Kiver 
basin were described briefly by Bradley (1956). Bradley's report 
also contains a section on quality of the water and an annotated bib­ 
liography of other literature pertaining to the geology and water 
resources of the region.

METHODS OP INVESTIGATION

The principal fieldwork for this study was done during the summer 
of 1961, although a considerable amount of information concerning 
ground-water hydrology of the area has been obtained by the Geo­ 
logical Survey since 1950.

The hydrologic data obtained include an inventory of all the 
irrigation and most of the domestic and stock wells in the area and 
the collection of water samples for chemical analyses. A network

735-609 64   2
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of 18 observation wells was installed; 6 of these were drilled in 1961. 
Test holes were drilled at each well site and earth samples were ob­ 
tained from each detected change in physical properties of the water­ 
bearing materials formation. Drillers' logs were made for each test 
hole; these are given in table 3.

Rqcords of water level fluctuations in all observation wells are 
published annually in Nebraska Water Survey Papers. (Keech, 
1961; Keech and Hyland, 1962; and Emery and Malhoit, 1963.)

A well equipped with a recording gage was installed in September 
1953, and since then a continuous record of the water-level fluctuations 
in the well has been obtained. Since 1950, observations have been 
made periodically in three privately owned wells.

The base map for plate 1 was prepared from U.S. Geological Survey 
topographic maps. Mean sea-level altitudes of measuring points 
on observation wells were established by spirit levels from Survey 
bench marks.

All wells in the area that discharge moderately large to large 
amounts of water were examined; pertinent data, obtained by direct 
measurement, observation, or interviewing the owner or operator of 
the well, were recorded. Data were also obtained on small wells where 
a depth-to-water measurement could be made. The information thus 
collected is included in table 4, and the location of the wells is shown 
in plate 1. Water samples were collected from 10 wells and were 
analyzed in the laboratory of the Geological Survey at Lincoln, Nebr. 
Since the installation of the network of observation wells, water-level 
measurements have been made monthly. It is proposed that monthly 
observations be continued for a period of 3 years and that semiannual 
observations be made after that time. The recording gage should be 
maintained to obtain a continuous record that will serve as an index 
to water-table fluctuations.

PERSONNEL AND ACKNOWLEDGMENTS

J. G. Cronin collected field data in May 1950 and periodically 
measured the depth to water in a few wells. He also investigated the 
depth to water in other wells in the area in an attempt to establish the 
effect of irrigation on the position of the water table. However, 
because the available information on water levels prior to irrigation 
in the area was not wholly reliable, Cronin could determine only that 
the water table had risen, not the amount of rise.

J. W. Nelson installed the network of observation wells established 
for this investigation. W. A. Buehrer and R. N. Strickland collected 
field data regarding other wells in the area and established altitudes 
of the measuring points on wells. J. B. Sheehan prepared the source 
material for the discussion of the chemical quality of the water.
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The author wishes to express appreciation to the well owners who 
furnished data on wells, to the employees of the Soil Conservation 
Service who supplied information about the project and locations of 
irrigation wells, and to personnel of the Mirage Flats Irrigation District 
who assisted in obtaining data. Appreciation is also expressed to 
E. C. Reed, Director of the Conservation and Survey Division, 
University of Nebraska, for making available the State-owned test- 
hole drilling equipment for the installation of observation wells and 
to J. G. Lathrop of the Nebraska Water Resources Department for 
periodically measuring the depth to water in the observation wells.

WELL-NUMBERING SYSTEM

Wells are numbered in this report according to their location within 
the system of land subdivision of the U.S. Bureau of Land Manage­ 
ment. The first numeral in the number indicates the township, the 
second the range, and the third the section. The lowercased letters 
that follow the section number indicate the position in the section. 
The 160-acre and 40-acre subdivisions of the section are letter "a," 
"b," "c," and "d" in a counterclockwise direction, beginning in the 
northeast corner. If more than one well is located within a 40-acre 
tract, consecutive numbers, beginning with 1, follow the lowercased 
letters. Figure 2 illustrates this well-numbering system.

GENERAL FEATURES OF THE AREA

The flood plain of the Niobrara River in the area of study is narrow, 
ranging in width from a few hundred feet to one-half mile. North 
of the flood plain, the land surface slopes upward to a terrace wnich 
averages 75 feet above the stream channel. This terrace ranges in 
width from 1 to nearly 5 miles and locally is called Mirage Flats (or 
simply the "Flats") because, from there, the Black Hills and the 
town of Hay Springs, which lie beyond the horizon, often can be seen 
as a mirage. North of the terrace the land slopes upward rather 
abruptly to a dissected tableland, the higher remnants of which are 
about 125 feet higher than the terrace. The Sand Hills region of 
Nebraska, consisting of a succession of rounded grass-covered hills 
and irregular ridges with intervening valleys and depressions, lies 
south and east of Mirage Flats.

The natural drainages into the Niobrara River from the northwest 
are higher than the water table and dry except during periods of rain 
when they carry surface runoff. Where the drainages cross the 
terrace they are shallow and barely discernible to an observer on the 
ground. These drainages are a source of ground-water recharge when 
they are flowing. Many artificial drains have been constructed on 
Mirage Flats to carry off irrigation wastewater, some of which seeps 
to the water table.
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FIGURE 2. Sketch showing well-numbering system.

Logs of 19 test wells (table 3) provide information on the composi­ 
tion and arrangement of the earth materials immediately underlying 
Mirage Flats. Typically, the silty surface soil is underlain by 
deposits of silt, fine sand, poorly consolidated fine-grained sandstone, 
siltstone, and calcareous sandstone.

The upper few feet of the materials underlying the terrace consist 
of Quaternary stream alluvium, principally silt and fine-grained sand 
interbedded with thin layers of coarser materials. This alluvium is 
underlain by strata of Tertiary age consisting of interbedded fine­ 
grained sandstone, siltstone, silt, and clay. Some of the Tertiary 
strata are loosely cemented with calcium carbonate and some contain 
numerous calcareous concretions. No deep tests were drilled, but 
investigations made in neighboring Box Butte County (Cady and
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Scherer, 1946) indicate that the rocks have similar physical charac­ 
teristics to a depth of 500 to 600 feet. Deposits are saturated below 
the water table and constitute the principal aquifer from which wells
in the area receive water.

CLIMATE

The climate at Mirage Flats is characterized by low humidity, hot 
summers, cold winters, wind, and large variations in precipitation 
from month to month and year to year. Sudden changes in weather, 
accompanied by great variations in temperature, are common. 
Thundershowers of local extent are common during the growing season 
Whiter storms are normally widespread in extent. The normal 
annual precipitation is about 15.5 inches, most ot which is received 
in spring and summer. Droughts of several years' duration are normal 
for the area. Climatic records of the U.S. Weather Bureau for Hay 
Springs show that January is the coldest month, with an average 
temperature of 22°F and a minimum of  40°F, and that July is the 
hottest month, with an average of 71.4°F and a maximum of 108°F. 
The growing season averages 132 days, with the last killing frost 
usually about May 15 and the first about September 24.

Without irrigation, crop production is uncertain. A measure of 
success can be expected, however, if drought-resistant crops are 
grown and soil moisture is conserved by summer fallow. Much of the 
soil is very sandy and will erode by wind if left without vegetative 
cover; for these reasons, most of the land in the vicinity of Mirage 
Flats is used for grazing and for growing small grain and hay.

GROUND WATER

REPLENISHMENT

The ground water that is slowly percolating southeastward through 
the aquifer beneath the Mirage Flats has its origin in three sources. 
Part enters the area by lateral percolation from lands to the northwest 
(see fig. 3), part reaches the zone of saturation by downward seepage 
of rain and snow water within the boundaries of the area, and part 
is added to the zone of saturation by seepage of the irrigation water 
that is distributed on the land from diverted river water and ground 
water from irrigation wells. When there is surface water runoff, 
water enters the area via the natural surface drainages and a small 
amount seeps to the zone of saturation.

THICKNESS OF THE ZONE OF SATURATION

The thickness of the principal zone of saturation beneath Mirage 
Flats is believed to be between 500 and 600 feet. The thickness is 
probably somewhat greater beneath the upland. The lower surface of 
this principal zone of saturation is considered to be the top of the Brule
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Formation of Oligocene age. The formations lying below the top of the 
Brule are saturated but are generally so low in permeability that they 
can be considered below the lower limit of profitable drilling for water. 

The geology of the deposits of Tertiary age is discussed in the 
report on geology and ground-water resources of Box Butte County by 
Cady and Scherer (1946).

CONFIGURATION OF THE WATER TABLE

The water table slopes southeastward toward the Niobrara River at 
an average of about 14 feet per mile. Ground water is discharged 
naturally to the river or by evapotranspiration on the flood plain along 
the stream, and it is discharged artificially from wells.

The depth to the water table ranges from less than 10 feet beneath 
the flood plain of the Niobrara River to more than 100 feet in the 
upland. The average depth to water beneath the Mirage Flats terrace 
is about 50 feet, although it ranges from about 20 feet beneath the 
lower parts to as much as 60 feet beneath the higher lands of the 
terrace.

The water table is the top of the zone of saturation; thus, the 
thickness of the principal aquifer is the vertical distance between the 
water table and the top of the Brule Formation. Figure 3 shows the 
generalized configuration of the water table beneath more than 1,000 
square miles of the Niobrara River basin including the project area. 
The water-table contours are based on topographic maps and depths to 
water in wells as reported by farmers and drillers. Many of the data 
are from the files of the Conservation and Survey Division, University 
of Nebraska.

Because all points on a contour line have the same altitude, there 
is no difference in hydrostatic pressure along the line and no movement 
of water parallel to it. Water moves downslope at right angles to the 
contour lines because the maximum difference of pressure occurs at 
right angles to them. The ground water is moving into Mirage Flats 
from the northwest. The rate of movement is very slow, however, 
because the permeability and porosity of the aquifer are relatively 
small. Cady and Scherer (1946, p. 52) computed the rate of ground- 
water movement through Teritiary aquifers in Box Butte County to be 
only 90 feet a year.

Plate 1 shows, by contours at 10-foot intervals, the water table 
beneath Mirage Flats. Control for the contours was obtained by 
measuring the depth to water in wells from points determined by 
spirit levels. Most of the measurements of depth to water in the 
wells used as points of control were made in October 1961, although 
a few were made earlier during the summer.
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101234 56 MILES

EXPLANATION

Boundary of detailed ground- 
water study of the Mirage 
Flats

Well
Number indicates altitude of water 

level in well, in feet

Water-table contours 
Dashed where approximate. Contour 

interval 100 feet. Datum is mean sea, 
level

FIGUKE 3. Map of parts of Sheridan, Dawes, and Box Butte Counties, Nebr., showing the configuration 
of the water table in Mirage Flats and vicinity.

FLUCTUATIONS OF THE WATER TABLE

When land in the irrigation district was subdivided into farm units, 
wells were drilled to provide a water supply for domestic and livestock 
purposes for each unit. Most of these were installed in 1946, although 
a few were drilled in 1944 or earlier. Twenty-five wells were installed 
under supervison of the Soil Conservation Service in 1946, and depth to 
static water level was recorded by the driller of each well at the time 
of its completion.

Most of the wells were fitted with pumps and sealed over; 
consequently measurements of the depth to water cannot now be made. 
In 1951, depth-to-water measurements made in six of the wells indi­ 
cated that the water table had risen an average of about 10 feet.
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The accuracy of the drillers' measurements, however, could not be 
verified because the original measuring points were described as land 
surface, and land leveling practices after the wells were installed 
changed the altitude of the land surface at some of the well sites.

Depth-to-water measurements have been made periodically in three 
wells since May 1950, and a well equipped with a continuous recording 
gage was installed in October 1953 at the Mirage Flats headquarters. 
Records of water-level measurements in the wells are given in table 5.

The hydrograph of water-level fluctuations in recording-gage well 
29-46-10aal (fig. 4) indicates that the water table at that point rose 
more than 3 feet from October 1953 to December 1962. The water 
level rose about 5 feet in well 29-46-4dcl from May 1950 to October 
1957 and about 7 feet in well 29-46-lldc from May 1950 to October 
1959. The greatest rise in the latter two wells occurred prior to 1953. 
Unfortunately, well 29-46-4dcl was sealed in October 1957 and 29-46- 
lldc was destroyed in 1959. It is reasonable to assume, however, 
that since the last observations the range of fluctuation of the water 
table at those points would resemble the graph of the recording gage 
(fig. 4).

The graph from the recording gage indicates that the average water 
level in the well has continued to rise even though some ground water 
has been withdrawn from the aquifer for irrigation. This rise indi­ 
cates that recharge resulting from irrigation practices is greater than 
the amount being pumped.

UTILIZATION 

WEIXS FOR DOMESTIC AND STOCK SUPPTTRS

All domestic and stock water supplies in Mirage Flats and vicinity 
are obtained from wells that generally are drilled to only a few feet 
below the water table. Most of the wells of this class are fitted with 
electrically powered pumps, but some have windmills. Most of the 
wells are 4 to 6 inches in diameter and cased with galvanized iron 
tubing, although some are 2-inch-diameter tubular wells. There is 
no place in the area where enough ground water to meet household 
and livestock requirements cannot be obtained.

IRRIGATION

The use of ground water for irrigation is comparatively new in 
Mirage Flats and vicinity. Until the late 1950's, ground water was 
used chiefly to supply domestic and stock needs and all irrigation 
water for the district was obtained from the Niobrara River.

Although a few successful wells had been installed earlier, principally 
in areas outside the irrigation district, the first significant use of 
ground water for irrigation occurred in 1955. The available supply
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29-46-lldc

fJ

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 

FTCTCQBE 4. Hydrographs of four wells in Mirage Flats, Sheridan County, Nebr.

from Box Butte Reservoir had become inadequate to meet irrigation 
demands during dry years, and groups of farmers in the district 
installed irrigation wells to augment the water supply. Most of these 
were drilled in 1956 and 1957. The success of the wells prompted 
farmers outside the district to install irrigation wells, and by the 
summer of 1961, 50 irrigation wells were in operation in Mirage Flats 
and vicinity. Technical description of the wells is given in table 4 
at the end of this report.

The availability of ground water for irrigation has proved to be a 
valuable asset and its use has already added considerably to the

735-609 64   3
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economy of the areea. More comprehensive studies are needed to 
evaluate the amount of ground water available even though the 
evidence obtainet thus far indicates that additional amounts could be 
developed to make use of the artificial recharge resulting from irriga­ 
tion practices on the land.

CHEMICAL QUALITY OF THE WATER

The chemical quality of the ground water in the Mirage Flats area 
results from a mixing of ground-water inflow from the northwest with 
recharge from local sources. Because the principal source of local 
recharge is irrigation water diverted from the Niobrara River and 
because the Niobrara River above (as well as below) the point of 
diversion is sustained in large part by ground-water inflow, it is not 
surprising that the ground water and surface water are chemically 
similar. Ground-water samples were obtained from 11 different 
wells, and surface-water samples were obtained from the Niobrara 
River at the bridge south of the headquarters of the Mirage Flats 
Irrigation District and also from several different places in the irri­ 
gation canal system. (See fig. 5.) The results of chemical 
analysis of these samples are given in tables 1 and 2.

The suitability of a water for irrigation depends on the effect of the 
water on soil productivity. The U.S. Salinity Laboratory Staff 
(1954) has stated that four major factors should be considered re­ 
garding the quality of irrigation water. These factors are the salinity 
hazard, the sodium hazard, the concentration of residual sodium 
carbonate, and the concentration of boron.

The ground water in the Mirage Flats area is of the medium-salinity 
low-sodium type, and the surface water is of the medium-salinity 
medium-sodium type. A medium-salinity water can be used for irri­ 
gation if a moderate amount of leaching occurs and if plants that 
have moderate salt tolerance are grown. A low-sodium water can be 
used on almost all soils with little danger of the development of harm­ 
ful levels of exchangeable sodium. A medium-sodium water will pre­ 
sent an appreciable sodium hazard in fine-textured soils that have high 
cation-exchange-capacity, especially under low-leaching conditions, 
unless gypsum is present in the soil; however, it may be used on coarse- 
textured or organic soils that have good permeability.

Both the ground water and the river water have low concentrations 
of residual sodium carbonate and, therefore, are safe for irrigation use 
in this respect. Because the boron concentrations are low, the water 
is excellent even for boron-sensitive crops.

For the constituents determined, with the exception of manganese, 
the water in the Mirage Flats area is suitable for domestic use accord-
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FIG UEE 5. Map showing chemical-quality sampling sites.  iro, Ground-water sampling site and depth 
of well, in feet. A, Surface-water sampling site.

ingrto^the standards of the U.S. Public Health Service (1961, p. 935- 
945). The analyses indicate that during June the ground water con­ 
tained no manganese, but during November the water from most 
wells contained concentrations of manganese that exceeded the recom­ 
mended maximum of 0.05 ppm.

Hard water is undesirable for domestic use because it causes high 
soap consumption and scale formation in boilers and pipes. High 
concentrations of silica also can result in scale formation in boilers 
and pipes. The ground water of Mirage Hats ranged from hard to 
very hard (131-278 ppm of hardness as CaC03) and contained high 
concentrations of silica (49-59 ppm). The river water also was hard 
(116-178 ppm of hardness as CaCO3) and contained high silica con­ 
centrations (20-54 ppm, omitting one sample).
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TABLE 1. Chemical analyses of 
[Results in parts per million except as

Well

29-45-2bc.-.  .
8bb-  ...

10aa2-__-.

13bb2._-_

30-45-8cb2.__.-_

15bb   

30-46-lldb  ...

36bb2_   

Depth
of well
(feet)

90
80

213

210

105

204

100

68

60

285

240

Use

D
1)
I

I

D

I

D

D

D

T

D

Date of
collection

1961 
/June 19 .... 
\Nov.l3--_
Nov. 14-..

iJune 19. ... 
Nov. 14...
June 20 _ 
Nov. 13. ..

\Nov 13....
/June 19 .... 
\Nov 14. 
/June 19 ».. 
\Nov.l4_-_
/June 19 . 
\Nov.l4.-_
/June 19 .... 
\Nov.l3--_

19SS
Jan. 11-.-

1961
/June 19 .... 
INov. 13...

Tem­
pera­
ture

55 
53
50
54 
53
54 
53
54
51
54
52
54 
50
52 
49
55 
52

54 
51

Silica
(SiOa)

56 
56
53
55
57
57 
55
49
53
55 
55
59 
59
55 
55
54 
55

58

56
57

Iron
(Fe)

0.01 
.01
.04
.04 
.01
.02 
.05
.01
.02
.02 
.02
.01
.02
.05 
.01
.03
.01

.07

.02 

.00

Man­
ganese 
(Mn)

0.00 
.09
.10
.00 
.11
.00 
.07
.00
.07
.00 
.10
.00 
.01
.00 
.06
.00 
.03

.00 

.03

Lead
(Pb)

0.00
.00

.00

.00

.00

.00

.20 

.00

.00

.00

.00

Cal­
cium 
(Ca)

43 
44
56
41 
39
47 
45
86
82
55 
49
46
48
86 
81
62 
63

44

59
47

Mag­
nesium 

(Mg)

7.4 
6.3
8.9
7.7 
8.1
8.9 
8.6

10
12
8.0 
8.9

10
9.7

15 
16
7.9 
9.5

9.7

9.7 
8.4

So­
dium
(Na)

11 
11
12
11 
15
17 
19
16
16
13
12
27 
26
41 
40
14 
14

24

19 
12

» Copper (Cu), 0.02 ppm; zinc (Zn), 0.23 ppm.

CONCLUSIONS

The amount of available ground water is sufficient to support 
additional wells. The amount pumped in 1962 was about 3,000 acre- 
feet, which probably is less than the average annual amount of seep­ 
age to the zone of saturation of water diverted from the river. Water- 
level fluctuations in observation wells indicate that the present (1963) 
amount of withdrawal is not appreciably depleting the amount of 
ground water in storage.

Both the ground water and the water from the Niobrara River are 
suitable for irrigation and domestic uses.

The ground-water reservoir could be used more efficiently for stor­ 
age, regulation of the total available water supply, reduction of non- 
beneficial consumptive use, and more adequate distribution of the
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ground water, Mirage Flats area 
indicated. Use: D, domestic; I, irrigation]

Potas­
sium 
(K)

8.4
8.4

10
7.1
7.3
8.1
8.2

10
9.8
8.5
8.4
8.8
9.6

13
12
8.8
9.0

10

9 2
8 0 . £i

Bicar­
bonate 
(HCOs)

181
182
212
182
189
196
196
250
250
206
204
210
212
353
347
211
212

220

213
193

Sul-
fate 

(SOi)

14
19
22
11
18
24
27
43
46
24
23
31
38
58
62
22
25

19

34
22

Chlo­
ride 
(Cl)

2.4
1.9

10
1.1
.9

6.5
6.1

19
18
6.6
4.0
6.8
7.4

14
12
6.8
8.0

3.5

13
2.8

Fluo-
ride 
(F)

0.4
.4
.6
.5
.5
.6
.6
.5
.4
.6
.5
.5
.5
.4
.4
.4
.4

.3

.5

.5

Ni­
trate 

(NOi)

3.7
3.0
6.5
1.9
1.7
3.5
3.0

27
26
3.8
3.2
7.8
9.7

14
13
26
34

6.3

13
5.1

Boron
(B)

0.05
.04
.05
.03
.02
.04
.09
.08
.07
.05
.05
.06
.06
.11
.10
.07
.05

.07

.10

.07

Dis­
solved
solids

(residue
on evap­ 
oration
at 180°

C)

241
237
289
231
238
277
266
416
396
298
262
316
309
481
461
317
329

302

332
260

Hard­
ness
as 

CaCOs

138
136
176
134
131
154
148
256
253
170
159
156
160
278
269
187
196

150

187
152

Non-
car­

bonate
hard­ 

ness as
CaCOs

0
0
2
0
0
0
0

51
48

1
0
0
0
0
0

14
22

0

12
0

Per­
cent
so­ 

dium

14
14
12
14
19
18
21
12
12
14
13
26
25
23
23
13
13

24

17
14

So-
dium-

adsorp- 
tion-
ratio

0.4
.4
.4
.4
.6
.6
.7
.4
.4
.4
.4
.9
.9

1.1
1.1
.4
.4

.6

.4

Specific
con­
duct­
ance

(micro- 
mhos

per cm
at 25°

C)

332
330
420
320
330
388
386
579
558
401
378
430
438
706
686
444
468

405

467
367

pH

7.6
7.6
7.4
7.6
7.8
7.5
7.8
7.4
8.2
7.5
7.6
7.6
8.1
7.4
8.0
7.1
7.6

8.0

7.8
7.4

water. Ground water could be heavily used in dry years when river 
water is in short supply. The ground-water reservoir would be partly 
emptied and space would be available to store water in wet years 
when abundant irrigation supplies were available from the river. A 
considerable amount of ground water is used by phreatophytes grow­ 
ing in the shallow water-table areas adjacent to the river. Lowering 
of the water table by pumping would reduce the total amount of 
ground water being discharged naturally.

If the amount of development of ground water increases beyond the 
sustained yield of the aquifer, then several related effects may be 
anticipated. These include lowered static water levels in wells, greater 
drawdowns of water levels in pumped wells, and smaller yields. 
Greater lifts and smaller yields increase the cost of obtaining water 
supplies.
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TABLE 2. Chemical analyses of 
[Results in parts per million

Date of collection
Dis­ 

charge 
(cfe)

Silica 
(SiOa)

Iron 
(Fe)

Man­ 
ganese 
(Mn)

Cal­ 
cium
(Ca)

Magne­ 
sium 
(Mg)

So­ 
dium 
(Na)

Potas­ 
sium 
(K)

Bicar­ 
bonate 
(HC03)

Car­ 
bonate 
(C03)

Niobrara River south of

1949 
July 22 ______ . _ . __

1950 
July 4. ___________
Aug. 8-.     .. ...........

Sept. 17.  ......_._..._._.
Nov. 12. .... ___ . __ ..

1961 
Jan. 3. __ . ..............
Apr. 4......................
July T. .....................

1962 
Oct. 8... ...................

196S 
Aug. 18.. ___________

1960 
Oct. 6.. _ ... __ .... _ ...

1961 
Jan. 23. ___________
June 1. ___ . ________

Aug. 17.....................

18
18

390
33
30

25
26
5.5

23

34

22

20
16
87
10

54

42
37
20
46
41

48
45
37

52

52

60
49
53
46

0.05

.03

.33

.10

.04

.20

.10

.06

.03

.01

.01

.07

.10

0.00
.00
.00

44

46
52
43
60
52

58
55

40

11

44
48
45
46

5.3

6.8
6.9
2.1
6.9
6.2

5.7
7.4

6.3

30

11
8.8
7.4
8.5

4

3
3
1
3
2

3
3

27

22

27

23
26
29
25

4

4
0
0
3
9

5
0

9.0

11

9 s

7.1
10
11
10

220

228
237
158
245
229

254
246
224

208

237

230
237
230
234

10

0
0
0
10
0

0
0
0

20

0

0
0
0
0

Mirage Flats

June 20, 1961: 
NWMSWH sec. 8, T. 

29N..R. 45 W. ......
SWHNWM sec. 19, T. 

29 N., R. 45 W.. .....
NWHSWH sec. 4, T. 

29 N., R. 46 W... ....
SWHSWH sec. 8, T. 

29 N., R. 46 W ___ ..
SEHSEH sec. 9, T. 29 

N., R. 46W--.-.  ..
NWHSWH sec. 11, T. 

29 N., R. 4flW  ....
NW^NWH sec. 13, T. 

29 N., R. 46 W ___ ..
NWHNWHsec. 14, t. 

29 N., R. 46 W __ ...
NWHNWH sec. 30, T. 

30N..R. 46 W...... .
NEHSEM sec. 34, T. 

30N..R. 46 W. ......

44 44 0.03 0.00

... £-.:.

42 11

26

26

26

26

26

26

26

26

26

26

7.7

240

241

238

235

238

238

239

236

240

237

0

0

0

0

0

0

0

0

0

0
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surface water, Mirage Flats area 
except as indicated]

Sulfate 
(SO*)

Ohio 
ride 
(01)

Fluo- 
ride 
(F)

Nit­ 
rate 

(NOi)

Boron 
(B)

Dissolved 
solids

Residue 
on eva­ 
pora­ 

tion at 
180° C

Tons 
per 

acre- 
foot

Hard­ 
ness 
as 

CaCOs

Noncar- 
bonate 
hard­ 

ness as 
CaCOa

Per­ 
cent 
so­ 

dium

Sodium 
adsorp­ 

tion- 
ratio

Specific 
conduct­ 

ance 
(micro- 

mhos per 
cm at 
25° C)

PH Color

Mirage Flats headquarters

22

21
21
5.0
23
23

27
20

19

19 
19 
22 
16

4.5

4.0
3.0
.5

4.0
3.5

3.5
4.5

3.0

2.6 
3.1 
4.4 
3.1

0.6

.5

.6

.5

.6

.6

.6

.6

.7

.6

.7 

.8 

.6

0.8

1.8
1.6
2.6
1.5
2 4

2.4
1.9

1.2

2.3 
1.1 
1.8 
.2

0.10
.17
.12
.18
.20

.20

.06

.07

.04 

.09 

.07 

.05

293

278
280
190
320
284

312
302

302

230

281

274 
289 
292 
275

0.40

.38

.38

.26

.44

.39

.42

.41

.41

.31

.38

.37 

.39 

.40 

.37

132

143
158
116
178
155

168
168
136

160

126

152

157 
156 
143 
150

0

0
0
0
0
0

0
0
0

0

0

0 
0 
0 
0

42

34
29
16
29
29

31
28

25

26

26

23 
25 
29 
25

0.9

.9

.9

.8 

.9 
1.1 
.9

412

385
402
270
438
400

440
416
402

408

342

414

405 
418 
415 
403

8.4

7.8
7.9
7.9
8.4
8.1

7 0
7.9
7,8

8.6

7.5

7.7

7.9 
8.1 
7.6
7.7

4

3
7 
3 
6

Canal system

13 4.0 0.6

1.6

3.8

.7

1.0

.7

.9

1.3

.3

2.4

.5

0.23 281 0.38

160

157

153

151 

150

150

150

14Q

14.Q

156

0

0

0

0 

0

0

0

0

0

0

26

27

27

26 

27

27

27

28

28

27

0.9

.9

.9

.9

.9

.9

.9

.9

.9

412

427

407

406

AM

408

414

404

423

405

80

7.7

7.9

7.9

7.7

7.9

7 8

7 Q

7 Q

8.0

4
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TABLE 3. Logs of test holes for observation wells in Mirage Flats, Sheridan County,
Nebr.

Depth (feet) 
2»-45-7cc

Soil, medium yellow-brown.______________________________ 0-1
Silt, slightly sandy, light yellow-gray_____________________ 1-2
Sandstone, slightly silty, moderately consolidated; contains limy

grains.___________________________________________________ 2 13. 5
Sandstone; interbedded with silt and bentonite________   _______ 13. 5-14
Sandstone, very fine to fine-grained, well-consolidated___------__- 14-25
Sandstone, very fine to fine-grained, well-consolidated, olive-gray;

contains root casts and some dark-colored minerals.___________ 25-79
Silt, moderately sandy to slightly clayey, light yellow-gray     79-82. 5 
Sandstone, very fine to fine-grained, well-consolidated, olive-gray;

contains root casts and dark-colored minerals _________________ 82. 5-90

29-45-8ddl
Soil_____________________________________ 0-1 
Silt, slightly clayey, medium yellow-gray; contains some sand and

gravel_________________________________ 1-2. 5
Gravel, poorly sorted; contains rounded caliche cobbles-_________ 2.5-5
Gravel, medium to coarse; contains a few caliche pebbles.________ 5-6
Gravel, fine to coarse pebbles, poorly sorted__ ______________ 6-13
Sandstone, very fine to fine-grained, light olive-gray _____________ 13-20
Sandstone, very fine to fine-grained; interbedded with silt, light

yellow-gray_______________________________    __ 20-57. 5
Sandstone, very fine to fine-grained, poorly consolidated, olive-gray;

contains root casts and dark-colored minerals _________________ 57. 5-70

29-45-16aa
Soil, black to dark-gray__________________     __  0-1. 5
Silt, very light yellow-gray__  ________               1. 5-2. 5
Gravel, medium; contains pipy concretions _____________________ 2. 5-3. 5
Gravel, medium to coarse____________________ ________ 3. 5-5
Gravel, medium to very coarse_____________________ __ ____ 5-7
Gravel, very fine to fine; contains sandstone and limy nodules._ 7-10 
Sandstone, fine; contains root casts and dark-colored minerals___ 10-15 
Sandstone, fine to medium-grained, consolidated_______________ 15-30
Sandstone, very fine to fine-grained; contains some root casts.____ 30-44
Sand, very fine, poorly consolidated; contains dark-colored 

minerals -.---_______. _______________________ 44-60
Sandstone, fine-grained, consolidated; contains root casts and dark- 

colored minerals_____________________________ 60-65
Sandstone, fine-grained, poorly consolidated_________________ 65-67
Silt and sandstone interbedded_______________________ 67-69
Sandstone, very fine to fine-grained, poorly consolidated; contains

dark-colored minerals_______________-____--_____-_--_--____ 69-72

29-45-18aa
Soil, medium brown-gray_________________________ 0-2. 5
Silt, moderately sandy, slightly clayey; contains some caliche

cobbles__________________________________ 2. 5-3 
Gravel, coarse, poorly sorted______________________________ 3-7. 7
Silt, moderately sandy to slightly clayey, yellow-gray; contains

gravel pebbles_______________________    _____ 7. 7-10
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TABLE 3. Logs of test holes for observation wells in Mirage Flats, Sheridan County,
Nebr. Continued

Depth (feet) 
29-45-18aa Continued

Sandstone, very fine to fine-grained, moderately consolidated, olive- 
gray ; contains gravel pebbles and root casts______________ 10-17. 5

Silt, very sandy, slightly clayey, yellow-gray; contains some caliche
pebbles__________________________________ 17. 5-25

Sandstone, very fine to fine-grained, well-compacted; contains root
casts and dark-colored minerals___________________ 25-46

Silt, moderately sandy, slightly clayey; contains dark-colored
minerals_____ ________________________ _  46-48

Sandstone, moderately consolidated; contains root casts._________ 48-58
Silt, very sandy, light yellow-gray.___________________ 58-60
Sandstone, very fine to fine-grained, moderately consolidated, olive- 

gray; contains root casts, dark-colored minerals, and some inter- 
bedded silt________________________________ 60-70

Sand, very fine to fine, poorly consolidated _________ _ _________ 70-72

29-46-3ba

Soil: Silt, moderately sandy, dark-brown___________________ 0-1
Silt, moderately sandy; contains calcareous grains _______________ 1-4
Caliche and silt, intermixed_____________________________ 4-5
Caliche, light yellow-gray______________________ __    __ 5-10
Sand, very fine to fine; contains some medium sand and calcareous

grains______________________________________ 10-15
Silt, moderately clayey; contains fine sand grains and some iron 
Silt, moderately clayey; contains fine sand grains and some iron

stain____________________________________ 15-25 
Silt, moderately clayey to slightly sandy, medium yellow-brown___ 25-30 
Sandstone, very fine to fine-grained, moderately consolidated;

contains silt lenses and calcareous grains_____________   ___ 30-40
Sand, very fine to fine; contains dark minerals__________________ 40-45
Sandstone, moderately consolidated; contains dark-colored min­ 

erals and root casts._________________________ 45-72

29-46-8dd

Soil: Silt; contains coarse sand grains.__________________ 0-3.2
Silt, moderately clayey, slightly sandy_______________     3. 2-12
Gravel, coarse; contains well-rounded cobbles _____________   ___ 12-20
Sand, very fine to fine; contains sandstone pebbles_____________ 20-25
Gravel, reworked sandstone; contains quartz and caliche pebbles-- 25-35
Sand and gravel, poorly sorted; contains caliche pebbles________ 35-75
Sand, very fine to fine; contains gravel-size grains_______________ 75-80
Sand, gravelly; sand is very fine to fine (70 percent sand)_______ 80-85
Sandstone, very fine to fine-grained, well-consolidated, light olive- 

gray.___________________________________ 85-90
29-46-9bbl

Soil: Silt, dark-brown___________________________ 0-1
Silt, moderately sandy; contains coarse sand grains___  ___    1-3
Silt; contains pebbles and calcareous grains _____________________ 3-5
Gravel, silty; contains caliche pebbles____________________ 5-7
Silt, moderately clayey, slightly sandy __________ _____ _______ 7-10
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TABLE 3. Logs of test hoks for observation wells in Mirage Flats, Sheridan County,
Nebr. Continued

Depth, (feef) 
29-46-9bbl Continued

Caliche, reworked..__.__________________________  __ 10-15
Silt, moderately clayey; contains siltstone and calcareous grains.__ 15-21 
Sandstone, very fine to fine, moderately consolidated, medium- 

brown ; contains root casts and lenses of silt_______________ 21-26. 5
Silt, calcareous; contains root casts__________________________ 26. 5-35
Sandstone, very fine to fine-grained, well-consolidated, medium- 

brown; contains root casts.______________________________ 35-44
Silt; contains sandstone..-________________________________ 44-45
Sandstone, very fine to fine-grained, well-consolidated, medium- 

brown; contains root casts__-_______-____-___---____--__-__- 45-46. 8
Caliche, consolidated, medium-brown; contains some silt.________ 46. 8-55. 6
Sandstone, calcareous, indurated_______-________--__-_--_-_-_- 55. 6-60
Sand, very fine to fine; contains siltstone, caliche, and dark-colored

minerals -________________________________ 60-70

29-46-10aal

Soil: Silt, dark brownish-gray; contains a trace of fine to coarse
sand_       ___________________________________   _ 0-1. 5

Silt, slightly sandy, slightly darker in shade; contains a few cal­ 
careous fragments,.______________________________ 1. 5-2. 5

Silt, moderately sandy; sand is fine to coarse__________________ 2. 5-3. 5
Sand, slightly silty; contains many calcareous fragments; sand is 

fine to coarse_______________________________________ 3. 5-5
Sand, less silty; contains a trace of calcareous fragments.-- ______ 5-10
Sand, fine, to medium gravel; composed of sandstone fragments; 

below 40 ft, coarser grained and contains fragments of igneous 
and metamorphic rocks_________________________________ 10-45

Marl to sandstone (poor sample, much lag)___________________ 45-50
Sandstone, light greenish-gray; sand is fine to medium; from 60 to 

85 ft, contains some calcareous cemented layers; from 85 to 95 
ft, contains a trace of calcareous cemented layers; below 95 ft, 
contains some fine gravel-_-_-_______-___-__--__---------__- 50-102

29-46-llcc
Soil: Silt, dark-brown___________________________ 0-1. 5 
Silt, moderately clayey, slightly sandy, light yellow-gray____ 1.5-5 
Gravel, coarse to cobbles, poorly sorted; contains well-rounded

caliche pebbles._________________________________________ 5-10
Sandstone, very fine to fine-grained, moderately consolidated;

contains root casts and dark-colored minerals_______--__-__-_- 10-32. 5
Silt, very sandy, inter bedded with sandstone, light yellow-gray;

contains root casts and dark-colored minerals __________      32. 5-40
Sandstone, very fine to fine-grained, moderately consolidated,

olive-gray; contains root casts and dark-colored minerals. ____ 40-45 
Sandstone, well-consolidated, olive-gray; contains many root casts

and silt lenses ____.._______________________    _____ 45-60
Sand, very fine to fine with some medium sand; contains root casts

and dark-colored minerals_-________--_----_------ _--__-___- 60-72
29-46-13bbl

Soil, dark-brown______  _________      _-__   - 0-2. 5 
Silt, moderately sandy, light yellow-gray_____________-------_-- 2. 5-4. 8
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TABLE 3. Logs of test holes for observation wells in Mirage Flats, Sheridan County,
Nebr. Continued

Depth (feet) 
29-46-13bbl Continued

Gravel, coarse, poorly sorted; contains caliche cobbles__________ 4. 8-9. 3
Silt, consolidated, light yellow-gray._____________________ 9. 3-13. 7
Sandstone, very fine to fine-grained, consolidated; contains siltstone- 13. 7-15 
Sandstone, very fine to fine-grained, consolidated, olive-gray; con­ 

tains root casts and dark-colored minerals _____________ _ ____ 15-23. 8
Silt, very sandy, light yellow-gray; contains dark-colored minerals-, 23. 8-24. 5 
Sandstone, consolidated, olive-gray; contains root casts and dark- 

colored minerals ._______-______________ ___ 24, 5-36. 2
Silt, moderately sandy, interbedded with siltstone_____________ 36. 2-40
Silt and sandstone, interbedded; contains root casts..____________ 40-45
Sandstone, poorly consolidated; contains root casts_____-__-_-__- 45-52. 5
Silt, moderately sandy; contains siltstone and root casts_________ 52. 5-57. 8
Sandstone, moderately consolidated; contains root casts and dark- 

colored minerals____________________________-_____-_______. 57.8-68
Silt and sandstone, interbedded, poorly consolidated, light olive- 

gray   __ _____________________________ 68-70
Sandstone, well-consolidated; contains root casts and dark-colored

minerals-.__________________________________ 70-72

29-46-16aa
Soil, sandy, dark-brown..___________________________ 0-1. 5
Silt, moderately sandy, slightly clayey, light yellow-gray.________ 1. 5-7
Gravel, coarse to cobbles, poorly sorted._____________________ 7-8. 5
Sandstone, very fine to fine-grained, well-consolidated, olive-gray;

contains root casts and dark-colored minerals _________________ 8. 5-30
Sandstone, consolidated; contains light yellow-gray silt-_--_----__ 30-35
Sandstone, consolidated; contains root casts and dark-colored min­ 

erals. ________________________________________ 35-45
Silt and sandstone, inter bedded. ____________________________ 45-50
Sandstone; contains calcareous lenses, silt, and root casts _________ 50-77
Sandstone, calcareous, indurated______________________________ 77-84
Sandstone and limestone interbedded; contains root casts and dark- 

colored minerals..-____________________________________ 84-90

3(M5-7dd

Top soil, moderately sandy, very silty, medium-brown; sand is very 
fine_____________________________________ 0-3

B zone soil, slightly sandy, very silty, medium yellow-brown; sand
is very fine._____________________________________________ 3-10

Sand, very silty; sand is very fine____________________________ 10-17
Silt, slightly clayey, moderately sandy; sand is very fine to fine with 

a trace of medium_________-___________________________ 17-20. 3
Sandstone, poorly consolidated; sand is very fine to medium with a 

trace of coarse_________________________-________--______ 20. 3-25
Sand, very fine to medium__________________________________ 25-32. 8
Sandstone, slightly consolidated; below 35 ft, moderately consoli­ 

dated; contains siliceous seed and root easts; sand is very fine to 
fine with a trace of medium________________________________- 32. 8-40

Sandstone, slightly consolidated; below 48 ft, moderate consoli­ 
dated; contains siliceous seed and root casts; sand is very fine to 
fine with a trace of fine gravel_____________________________ 40-51
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TABLE 3, Logs of test holes for observation wells in Mirage Flats, Sheridan County,
Nebr. Continued

Depth (feet) 
30-45-7dd Continued

Silt, very sandy, light yellow-brown; sand is very fine to fine  __ 51-55 
Sand, very slightly consolidated, very fine to medium with a trace 

of coarse_____________________________________ 55-60
30-45-I4ccI

Soil, very silty, very sandy, medium-brown; sand is very fine to 
medium____________________________________ 0-2

Soil, very silty, very sandy, medium-brown; sand is very fine to 
medium; contains calcareous nodules of fine to medium grain 
size_____________________________________ 2-3. 5

Sand and gravel; sand is fine to very coarse; gravel is fine to me­ 
dium__________________________________ 3. 5-10

Sandstone, slightly consolidated, moderately consolidated from 23.4 
to 24 ft; contains siliceous root casts and rounded calcareous 
nodules of fine to medium grain size; sand is very fine to fine__ 10-30

Sandstone, very slightly consolidated; less coarse material from 55 
to 60 ft; more coarse material from 65.5 to 70 ft; moderately 
consolidated from 70 to 84.5 ft; sand is very fine to fine.------- 30-84. 5

Sand and gravel; sand is medium to very coarse; gravel is fine to 
medium_________________________________________ 84. 5-90

Sand and gravel; contains caliche lens 94.5 to 98 ft; sand is medium 
to very coarse; gravel is fine to medium.._________________ 90-100

Sandstone, moderately consolidated; sand is very fine to fine_____ 100-110
30-45-I5ee

Soil, very silty, slightly sandy, dark-brown; sand is very fine_._-_- 0-2. 5 
Soil, very silty, slightly clayey, dark-brown______  __   __. 2. 5-4. 5 
Soil slightly clayey, very silty, medium yeliowish-brown__________ 4. 5-5
Silt, very sandy, light yellowish-brown; sand is very fine  __  5-7. 7 
Gravel; contains rounded calcareous nodules, quartz, and feldspar;

gravel is fine to medium_________________ __________ 7, 7-10
Gravel; contains some moderately cemented sandstone; sand is

very fine to fine..._____________________________________ 10-20
Gravel; contains a trace of medium gravel-_____________________ 20-30
Sandstone, slightly consolidated; contains calcareous grains; sand

is very fine to fine with a trace of medium______   __   ___ 30-40
Sandstone, moderately consolidated; from 43.5 to 46.5 ft, well

consolidated; sand is very fine to coarse..__      _   _______ 40-50
Sandstone, rounded, moderately consolidated; from 67.8 to 68.2 ft,

well-consolidated; contains calcareous fragments and siliceous root
casts; sand is fine to coarse_______________________ _ 50-80

Sand, very fine to very coarse with some fine gravel; contains
calcareous nodules of medium grain size; contains some greenish
claystone and siliceous root casts. ___________ __ __   _   _ 80-90

Sand, medium to very coarse; contains 10 percent fine gravel;
contains well-rounded sandstone and calcareous nodules of
medium to coarse grain size_________________    __     - 90-100

Sand, medium to very coarse; contains 15 percent fine gravel and
a trace of medium gravel____.__________   _____  _________ 100-110
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TABLE 3. Logs of test holes for observation wells in Mirage Flats, Sheridan County,
Nebr. Continued

Depth, (feet) 
30-45-18dd

Soil, silty, moderately sandy, medium-brown; contains very fine to
fine sand..-  _     _______________________ 0-1. 8

Ogallala Formation Valentine Beds of Johnson (1936)   
Interbedded caliche and clay, silty, sandy, light-gray; contains very

fine to fine sand______________________________ 1. 8-4
Sand, very fine to coarse; contains calcareous fragments and some

well-rounded, well-cemented sandstone nodules______________ 4-5
Interbedded sand and sandy caliche lenses; contains very fine to

medium sand, calcareous nodules, and siliceous root casts. __, 5-10 
Sandstone, moderately consolidated; contains very fine to fine sand

and siliceous root casts.______--_________________________ 10-15
Sandstone, slightly cemented; contains very fine to fine sand and

siliceous root casts _________.__________________ 15-20
Sandstone, slightly cemented; contains very fine to fine sand and

siliceous root casts; contains claystone from 20 to 25 ft; contains
claystone lens from 33 to 33.4ft_________ _____ ___ 20-45 

Sandstone, slightly cemented; contains very fine to fine sand and
siliceous root casts; contains interbedded moderately cemented
sandstone lenses.______________________________________ 45-50

Sandstone, slightly cemented; contains very fine to fine sand and
siliceous root casts; contains well-rounded calcareous clay nodules. 50-60

30-45-21bb

Top soil, very silty, moderately sandy, medium-brown; sand is very
fine______________________________________ 0-2

B zone soil, very silty, slightly clayey, slightly sandy, medium olive-
green; sand is very fine__________________________________ 2-4

Sand, very silty, light yellow-brown; sand is very fine____________ 4-8
Sandstone, slightly cemented; contains siliceous root casts; sand is

very fine to fine___________________________________________ 8-10
Sandstone; contains very fine to coarse sand with some fine gravel

and calcareous nodules_____________________________ 10-30
Sandstone, slightly consolidated; contains calcareous fragments;

sand is very fine to fine with a trace of fine gravel-----------  30-40
Sandstone, slightly to moderately consolidated; contains calcareous 

fragments; sand is very fine to fine with a trace of fine gravel,-- 40-50
Sandstone, slightly consolidated; contains calcareous fragments; 

sand is very fine to fine with a trace of fine gravel--_________ 50-55
Sandstone, very slightly consolidated; contains a moderately con­ 

solidated lens from 66.5 to 67 ft; contains calcareous fragments; 
sand is very fne to fine with a trace of fine gravel. _________ 55-70

Sandstone, very slightly consolidated; contains a moderately con­ 
solidated harder lens from 74.5 to 75 ft; contains calcareous frag­ 
ments; sand is very fine to fine with a trace of fine gravel._____ 70-75

Sandstone, moderately consolidated, slightly consolidated below 
79.5 ft; contains calcareous fragments; sand is very fine to fine 
with a trace of fine gravel.-..____________________ 75-80

Sandstone, very slightly consolidated; below 83.5 ft, well-consoli­ 
dated; sand is very fine to coarse with a trace of fine gravel -. 80-85
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TABLE 3. Logs of test holes for observation wells in Mirage Flats, Sheridan County,
Nebr. Continued

Depth (feet} 
30-45-21bb Continued

Sandstone, well-consolidated; sand is very fine to coarse with a trace 
of fine gravel____________-_________________---___-------- 85-90

Sandstone, moderately consolidated; sand is very fine to coarse   90-95 
Sandstone, moderately consolidated; sand is very fine to coarse____ 95-105
Sandstone, moderately consolidated; sand is very fine to coarse with

a trace of fine gravel_--_---_________--____------__--------_ 105-110
30-45-30aal

Sand, very silty, very fine to fine__-____-_____---_--------_---_ 0-3
Sand, moderately silty, very fine to fine__-___----_--__________ 3-7. 8
Sandstone, very slightly cemented, slightly silty; contains very silty

lens from 12.5 to 13.5 ft; moderately cemented below 15 ft_____ 7. 8-20 
Sand, very slightly consolidated, very fine to fine; contains snail

fragments. ___________________________   ____________ 20-40
30-46-23da

Soil: Silt, very sandy, brown; contains roots.___________________ 0-2. 5
Sand, fine to medium; contains dark-colored minerals.___________ 2. 5-7. 5
Silt, moderately sandy, slightly clayey, light yellow-gray.________ 7. 5-10
Sand, fine to coarse; contains dark-colored minerals____________ 10-24. 8
Sandstone, very fine to fine-grained, moderately consolidated,

medium-brown; contains calcareous grains and dark-colored
minerals________________________________ 24. 8-27. 9

Sandstone, fine- to medium-grained, in part calcareous ___________ 27. 9-30
Sandstone; contains calcareous lenses._________________________ 30-35
Sand, fine to medium; contains dark-colored minerals____________ 35-37. 5
Sandstone, calcareous, consolidated, white ______________________ 37. 5-38. 5
Sandstone, moderately consolidated, light medium-brown_-_---_ 38. 5-40 
Sand, fine to medium; contains calcareous grains and dark-colored

minerals__________________________________^___________ 40-45
Sandstone, fine to medium-grained; contains a silt lens from 48.3 to

48.6.__________________________________________________ 45-50
Sandstone and sand, poorly consolidated; contains feldspar and

dark-colored minerals._________._________________   ___ 50-55
Sandstone, moderately consolidated.__________ ______________ 55-60
Sandstone, fine to medium-grained, consolidated; contains dark- 

colored minerals and root casts_______-_______---___.------_- 60-65. 7
Sandstone; contains calcareous lenses ______________________ _ 65. 7-70
Sandstone, well-consolidated; contains dark-colored minerals....- 70-80
Sandstone, moderately consolidated; contains dark-colored minerals

and some medium gravel__________________----__--_---_---_ 80-90
Sandstone, fine to medium-grained, well consolidated, olive-gray;

contains dark-colored minerals and root casts__________________ 90-105
Sand, fine to medium; contains some gravel, dark-colored minerals,

and root casts_____________________________________ 105-110
Sandstone, fine to medium-grained, poorly consolidated; contains

coarse gravel and feldspar_______________-___----------__-_- 110-115
Sand, fine to medium with some coarse gravel, olive-gray; contains

root casts __________________________________________ 115-120
Sandstone, moderately consolidated, olive-gray; contains some

coarse gravel  _________-_,_____--__-___--_-------__-_--  120-125
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TABLE 3. Logs of test holes for observation wells in Mirage Flats, Sheridan County,
Nebr. Continued

Depth (feet) 
30-46-23da Continued

Gravel, medium to coarse; contains fine to medium sand.  _______ 125-130
Sand, fine to medium; contains coarse gravel and root casts--___-_ 130. 5-137 
Sandstone, calcareous; contains silt, coarse gravel, root casts, and

dark-colored minerals______________________________________ 137. 5-147
3<M6-36bbl

Soil: Silt; contains calcareous grains and roots._________________ 0-2
Silt; contains calcareous grains_____________________________ 2-4
Silt, moderately sandy; contains calcareous grains___-_________-- 4-8
Caliche with silt lenses, light yellow-brown___________________ 8-13. 7
Silt; contains calcareous grains and siltstone__________________ 13. 7-20
Caliche intermixed with silt__________________________ 20-24
Silt; contains abundant calcareous fragments_________________ 24-27
Sandstone, very fine grained, in part siltstone, medium-brown;

contains calcareous areas and root casts________________ 27-38. 5
Silt, very sandy with some sandstone, medium-brown-.____-_____ 38. 5-45
Sandstone, silty, moderately consolidated; contains root casts. ___ 45-48
Silt; contains sandstone grains, calcium carbonate, and clay ______ 48-72
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TABLE 5. Periodic water-level measurements in selected wells in the Mirage Flats
area, Nebraska

[In feet below land-surface datum]

Date Water 
level Date Water 

level Date Water 
level

29-46-4dcl

1950 

May 2 ___ _ _
July 19    --
Oct. 4______ __.
Dec. 28 __ _

1951

Apr. 20 _ _ ___
May 12 _________
July 30      
Oct. 3_ __ _ _ _

61. 34
60.93
59. 20
59. 70

60. 28
60. 28
59. 64
58. 23

1952 

Jan. 29_______ _
Apr. 2 ____ _ _

Oct. 6 _ _ ___ _

 f QKQ

Jan. 14
Mar. 30 _____
Oct. 30 ____ _ .

1954

Sept. 18 _______

58. 45
58. 66
58. 94
56.87

56. 55
57. 17
55. 94

57.41
57. 32

1955 

July 12____. ___
Oct. 18-_ ____ .

1956

Mar. 13-.      
Oct. 12 __ _ ___

1957

Oct. 17      

57. 77
55. 45

56. 18
57. 87

56. 23

29-46-10aal

1953 

Sept. 30__ ___ _
Oct. 31 __ _ _
Nov. 30__ _ . __
Dec. 31 _ _____

1954

Jan. 31_ __ __ _
Feb. 28__._ ___
Mar. 23____._ .
Apr. 30___ ___
May 29 _ _
June 19__
July 31 __ . _ .
Aug. 31__ ____ -
Sept. 30 __ .._.
Oct. 31_
Nov. 30___ _ _
Dec. 31_ ____ __

1955

Jan. 31 ____  
Feb. 28 _ _. _
Mar. 31_
Apr. 30_ _ _
May 29 __ _ _
June 30 __
July 31. ________
Aug. 31. _ __ _
Sept. 30 __ __ _
Oct. 31 __ _____

38.66
38.54
38.51
38.46

38.57
38.55
38.61
38.73
38.95
38.88
38.62
QQ 1 Q

37. 96
37.85
38.02
37.88

37.91
38.03
37.99
38.07
38.28
qo on
00 I 0,

37. 67
37.55
37.45

1955   Con. 

Nov. 30       
Dec. 31    _____

1956

Jan. 31___-_ _ _
Feb. 29      
Mar. 31 _____
Apr. 30__       _
May 31_.--_ __
June 30_ _ _ _
July31_   --
Aug. 31 ______ .
Oct. 31   _ .
Nov. 30_ ______
Dec. 31- __ --_

1957

Jan. 31   _ ____
Feb. 28_-      
Mar. 31
Anr 10
June 30 _ _ _ _
July 31       
Aug. 31     _
Sept. 30__ _ ___
Oct. 31   -      
Nov. 30__ __ __
Dec. 31 _. ._ _

37.51
37.57

37.76
37.85
37.80
38.02
38. 18
OQ 1Q

00 I Q

oo 1 n

38.12
38.20
38.31

38.30
38.43
38.47
38.53
38.45

38.00
37.25
37.37
37.52
37.57

1958 

Jan. 31_ _ _ ___
Feb. 28___ ___ .
Mar. 31_ _ _ _
Apr. 30 __ ___
May 31____ _ _ _
June 30 ________
July 20  _ _
Sept. 30____ ___ _
Oct. 31 __ ___
Nov. 30 __ . _
Dec. 31   . __

1959

Jan. 31 _ _
Feb. 25. ____
June 30. _ __
July 31 ____ ___
Aug. 31_ __ _
Sept. 30  ______
Oct. 31 __
Nov. 30 __ ____
Dec. 31  _ __ _

1960

Jan. 31 ___ __
Feb. 29  _ -__
Mar. 31
Apr. 30 _ __ ___
May 20 __ _ _

37.57
37.59
37.69
37.76
37. 77
37.70
37. 69
36.69
36.53
36.60
36.56

36.74
oc 70
07 OK

37. 11
36. 58
36.33
36. 18
36. 18
36.09

36.25
36.3
36. 1
36. 15
36.31
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TABLE 5. Periodic water-level measurements in selected wells in the Mirage Flats 
area, Nebraska Continued

[In feet below land-surface datum]

Date

I960  Con. 

June 30 __ _ _
July 31 __ ._.__
Aug. 31 _ _
Sept. 30 __ ____
Oct. 31 _ _ _
Nov. 30_____ _.
Dec. 31 ___

1961

Jan. 31_ __ _. .

Water 
level

36. 52
36. 16
ryf* -t >7

O£* f\ ~t

oo. oy 
qc QC

35.91

35.95

Date

1961  Con.

Feb. 28__. ______
Mar. 31_ ____
Apr. 30 ________
May 31 ________
June 30_ _ __ __
July 31 _ _ __
Aug. 31 _ _ __ _
Sept. 30_ _ ___ _
Oct. 31_ _____
Nov. 30 __ _____
Dec. 31 ___ _

Water 
level

36.06
36. 15
36.33
36.39
36. 54
36.68
36.60
36. 16
36.05
36.00
36. 19

Date

1962 

Jan. 31 _ _____
Feb. 28_________
Mar. 31 ___ __
Apr. 30. _ ._
May 31 __ _ __
June 30 __ _ __
July 31   _______
Aug. 31_________ 
Sept. 30 _____
Oct. 31 __ _
Nov. 30________
Dec. 31 ___ _ _

Water 
level

36. 17
36.29
36. 39
36.49
36.46
36.25
GO. £ (

qe qe

35.20
35.25
35.27

29^6-lldc

1950 

May 3 __ __ ___
July 19 ___ __
Oct. 4__ __ ____
Dec. 28_____ _

1951

Apr. 20 _ __ _
May 12 ___ _
July 30_ _
Oct. 3___ _ __

1952 

Jan 29. ____ __
Apr. 2__ _ __

42. 50
42. 12
40.29
40. 39

40.57
40.79
40.66
39.75

39.25
39.54

1952  Con. 

June 25_ ______
Oct. 6 ____ ____

1958

Jan 7 __ _ _ _
Oct. 30 _ ____

1954

June 18 _ __
Sept. 18_

1955

Oct. 17 __ __

39.84
38. 51

38.20
37.71

38.52
37.66

37.30

1956 

Mar. 13__ __

1957

Oct. 18_ __ -

1959

Oct. 8 _ _ __ _

37.62

36.93

35.43

29-46-24adl

1960 

May 2 __
July 19_ _
Aug. 29 _ _ _
Oct. 4___. ______
Dec. 28 __ _

1951

Apr. 20 __ __
May 12 __ __
July 30 __ _ __ __
Oct. 3 ____ _ _

64.32
64.46
36. 60
63. 10
63.62

64.23
64.38
64.23
63.59

1952 

Jan. 29 __ __ _
Apr. 2 __ _ _

1954

June 18 __ _ _
Sept. 18__ ___ _

1956

Mar. 13_._ _____

63.54
63.57

63.28
61.81

62.06

1958 

Sept 10_ _ _

1961

July 23_ . __ -.
Oct. 10__ __ _

1962

June 5 _ ___
Oct. 19 _________

60.76

61.90
62.98

62.90
61.00



BB36 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

REFERENCES

Bradley, Edward, 1956, Geology and ground-water resources of the upper Niobrara
River basin, Nebraska and Wyoming, with a section on chemical quality
of the ground water, by F. H. Rainwater: U.S. Geol. Survey Water-Supply
Paper 1368, 70 p. 

Cady, R. C., and Scherer, O. J., 1946, Geology and ground-water resources of
Box Butte County, Nebr.: U.S. Geol. Survey Water-Supply Paper 969,
102 p. [1956]. 

Emery, P. A., and Malhoit, M. M., 1963, Water levels in observation wells in
Nebraska during 1962: Nebr. Univ., Conserv. and Survey Div., Nebraska
Water Survey Paper 13, 157 p. 

Johnson, F. W., 1936, The status of the name "Valentine" in Tertiary geology
and paleontology: Am. Jour. Sci., 5th ser., v. 31, no. 186, p. 467-475. 

Keech, C. F., 1961, Water levels in observation wells in Nebraska during 1960:
Nebr. Univ., Conserv. and Survey Div., Nebraska Water Survey Paper 9,
154 p.

Keech, C. F., and Hyland, J. B., 1962, Water levels in observation wells in Ne­ 
braska during 1961: Nebr. Univ., Conserv. and Survey Div., Nebraska
Water Survey Paper 12, 164 p. 

U.S. Public Health Service, 1962, Drinking water standards: U.S. Public Health
Service Pub. 956, 61 p. 

U.S. Salinity Laboratory Staff, 1954, Diagnosis and improvement of saline and
alkali soils: U.S. Dept. of Agriculture, Agriculture Handb. 60, 160 p.



The U.S. Geological Survey Library has cataloged this publication as follows :

Keech, Charles Franklin, 1909-
Ground-water resources of Mirage Flats, Nebraska. 

Washington, U.S. Govt. Print. Off., 1964.
iii, 36 p. maps (1 fold, in pocket) diagrs., tables. 24 cm. (U.S. 

Geological Survey. Water-Supply Paper 1779-BB)
Contributions to the hydrology of the United States.
Prepared as part of a program of the Dept. of Interior for develop­ 

ment of the Missouri River basin.
Bibliography: p. 36

(Continued on next card)

Keech, Charles Franklin, 1909- Ground-water 
resources of Mirage Flats, Nebraska. 1964. (Card 2)

1. Water-supply Nebraska Sheridan Co. 2. Water, Under­ 
ground Nebraska Sheridan Co. 3. Borings Nebraska Sheridan 
Co. I: Title. (Series)





Contributions to the 
Hydrology of the 
United States, 1963

GEOLOGICAL SURVEY WATER-SUPPLY PAPER 1779

This water-supply paper was printed 
as separate chapters A-EE



UNITED STATES DEPARTMENT OF THE INTERIOR 

STEWART L. UDALL, Secretary

GEOLOGICAL SURVEY 

Thomas B. Nolan, Director



CONTENTS

[Letters designate the separately published chapters]

(A) Geologic reconnaissance and test-well drilling, Cordova, Alaska, by Kenneth 
L. Walters.

(B) Variations in the chemical character of the Susquehanna River at Harris- 
burg, Pennsylvania, by Peter W. Anderson.

(C) Chemical quality of surface water in the West Branch Susquehanna River 
basin, Pennsylvania, by E. F. McCarren.

(D) Hydrology and the effects of increased ground-water pumping in the
Anchorage area, Alaska, by Roger M. Waller.

(E) Ground-water conditions in the proposed waterfowl refuge are near Chap­ 
man, Nebraska, by C. F. Keech, with a section on Chemical quality of the
water, by P. G. Rosene. 

(F) Hydrologic studies of small watersheds, Honey Creek basin, Collins and
Grayson Counties, Texas, 1953-59, by C. R. Gilbert, G. G. Commons,
G. E. Kobert, and F. M. Kennon. 

(G) Geology and ground-water resources of Bradley, Calhoun, and Ouachita
Counties, Arkansas, by Donald R. Albin. 

(H) Ground water in Cedar Rapids Division of lower Platte River basin,
Nebraska, by James B. Hyland and Charles F. Keech, with a section on
Chemical quality of water, by P. G. Rosene. 

(I) Ground water in the Sandpoint region, Bonner County, Idaho, by Eugene
H. Walker. 

(J) Geology and water resources of the Bluewater Springs area, Carbon County,
Montana, by Everett A. Zimmerman. 

(K) Chemical quality of surface waters in the Brazos River basin in Texas, by
Burdge Irelan and H. B. Mendieta. 

(L) Discharge ratings for streams at submerged section controls, by William S.
Eisenlohr, Jr. 

(M) Historical floods in New England, by M. T. Thomson, W. B. Gannon,
M. P. Thomas, G. S. Hayes, and others. 

(N) Geology and ground-water resources in eastern Cheyenne and Kiowa
Counties, Colorado, by Arnold J. Boettcher, with a section on Chemical
quality of the ground water, by C. Albert Horr. 

(0) Hydrology of aquifer systems in the Memphis area, Tennessee, by J. H.
Criner, P-C. P. Sun, and D. J. Nyman. 

(P) Geology and ground water, Luke area, Maricopa County, Arizona, by
R. S. Stulik and F. R. Twenter. 

(Q) Ground water in the Midvale and Council areas, upper Weiser River
basin, Idaho, by Eugene H. Walker and H. G. Sisco. 

(R) Snowmelt hydrology of a Sierra Nevada stream, by S. E. Rantz. 
(S) Evaluation of hydrogeology and hydrogeochemistry of Truckee Meadows

area, Washoe County, Nevada, by Philip Cohen and Omar J. Loeltz. 
(T) The effect of artesian-pressure decline on confined aquifer systems and its

relation to land subsidence, by J. H. Green.
in



CONTENTS

(U) Geology and ground-water resources of Dane County, Wisconsin, by
Denzel R. Cline.

(V) Ground-water resouices of eastern Arkansas in the vicinity of U.S. High­ 
way 70, by H. N. Halberg and J. E. Reed. 

(W) Geology and ground-water resources of Richardson County, Nebraska, by
Philip A. Emery. 

(X) Quality of Delaware River basin water at Trenton, New Jersey, by Leo T.
McCarthy, Jr., and Walter B. Keighton. 

(Y) A brief geologic and hydrologic reconnaissance of the Furnace Creek Wash
area, Death Valley National Monument, California, by M. A. Pistrang
and Fred Kunkel. 

(Z) Selected bibliography on laboratory and field methods in ground-water
hydrology, by A. I. Johnson. 

(AA) Stream hydrology related to the optimum discharge for King Salmon
spawning in the Northern California Coast Ranges, by S. E. Rantz. 

(BB) Ground-water Resources of Mirage Flats, Nebraska, by C. F. Keech.






