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DEFINITION OF HYDROGEOLOGIC TERMS
(From Peckenpaugh and Dugan, 1983)

Aquifer——A geologic formation, group of formations, or part of a formation
that contains sufficient saturated permeable material to yield significant
quantities of water to wells and springs.

Base flow--The component of total streamflow attrlbutable to ground-water
discharge into the stream channel.

Confined aquifer--An aquifer that is overlain by a confining bed that restricts
the vertical movement of water from or to the aquifer; water levels in
wells that are screened within the aquifer stand above the confining bed.

Consumptive-irrigation requirements (CIR)--The amount of water required to meet
evapotranspiration demand of a plant and to maintain soil moisture at an

arbitrary level after soil mosture and infiltrated precipitation have been
drawn upon.

Crop coefficient--The monthly ratio of actual to potential evapotranspiration
based on field experiments.

Deep percolation-~Water that leaves the soil zone and goes into the underlying
' part of the unsaturated zone.

Discharge from an aquifer is the transfer of water from the aquifer to the
unsaturated zone or to the land surface.

Evapotranspiration (ET)--The combined process of evaporation from free water
and bare soil surfaces and transpiration by plants.

Evapotranspiration salvage-—The reduction in the amount of evapotranspiration
from the aquifer resulting from a lowering of the water table.

Flux—~The rate of water movement into, out of, or through the aquifer.

Hydraulic conductivity (K)--A measure of the volume of fluid that will move in

unit time under a unit hydraulic gradient through a unit area measured at
right angles to the direction of flow.

Hydraulic head, or head--An expression for the potential energy of a fluid,
frequently expressed as the water-level altitude.

Infiltration (I)--The part of precipitation and applied surface water that
enters the soil zone.

Isotropic-—All 81gn1f1cant properties of the aquifer are independent of
direction.

Low-flow measurements--Low-flow measurements made during periods when surface-
water runoff is at a minimum.
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Nonhomogeneous—-The hydrologic properties of the aquifer vary throughout the
aquifer.

Permeability of a rock or soil is a measure of its ability to transmit a fluid
such as water under a hydraulic gradient.

Potential evapotranspiration (PET)-—The amount of water that would evaporate

from bare soil and transpire by plants if neither were under moisture
stress.,

Recharge to an aquifer is that part of deep percolation that reaches the
aquifer. '

Saturated zone——That part of the water-bearing material in which all voids,

large and small, are ideally filled with water under pressure greater than
atmospheric.

Soil zone--The unconsolidated mineral and organic material from the land
surface to the depth reached by the plants' root systems.

Specific yield of a rock or soil is the ratio of volume of water that the rock

or soil, after being saturated, will yield by gravity to the volume of the
rock or soil,

Surface runoff--The component of runoff that enters the stream channel by
flowing over the land surface.

3

Transmissivity (T)-—A product of the thickness of the saturated zone and the
hydraulic conductivity of that zone.

Unconfined aquifer-—An aquifer not overlain by a confining bed, also referred
to as a water—table aquifer.

Underflow--The lateral movement of ground water across a specified boundary.

Unsaturated zone~-The interval between the soil zone and the water table,
including the capillary fringe.

Water table--The surface in a ground-water body (unconfined aquifer) at which
the water pressure is atmospheric.
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HYDROGEOLOGY OF THE TRI-BASIN AND PARTS OF THE LOWER REPUBLICAN AND
CENTRAL PLATTE NATURAL RESOURCES DISTRICTS, NEBRASKA

By J.M. Peckenpaugh, J.T. Dugan, R.A. Kern, and W.J. Schroeder
ABSTRACT

The hydrogeologic system in south-central Nebraska, which has been altered
by surface- and ground-water irrigation, has been described and modeled to
evaluate quantitatively the effects of management practices.on water levels,
streamflow, and surface-water seepage. -

Since the early 1940's when the Central Nebraska Public Power and Irriga-
tion District began operation south of the Platte River in south-central
Nebraska, seepage from this surface-water irrigation system has resulted in
ground-water level rises of as much as 110 feet above the water levels in 1940
in the northwestern part of the study area. Ground-~water irrigation has in-
creased substantially throughout the study area since the 1940's; nevertheless,
only minor water-level declines have occurred over much of the study area.

The depth to water ranged from less than 1 foot in several locations to
350 feet in the northwest corner of the study area for the 1940 to 1981 time
period. The saturated thickness of the aquifer decreased from west to east and
from north to south and ranged from near zero along the southern boundary of

the study area to greater than 600 feet in the northwest corner for the 1940 to
1981 time period.

Transmissivity and specific yield of the aquifer indicated little change
during the 1940 to 1981 time period, even though the saturated thickness of the
aquifer increased in the northern part of the study area. Transmissivity
ranged from 100 to 20,000 square feet per day in 1940, and from 100 to 25,000

square feet per day in 1981, Specific yield ranged from 0.08 to 0.26 for the
entire time period.

The hydrogeologic system was subdivided into four components: surface-
water system, soil zone, unsaturated zone, and saturated zone. Computer
programs were developed or obtained to represent the hydrologic regime in each
component except the unsaturated zone.

A two-dimensional, finite—-element, ground-water flow model (RAQSIM) was
developed to represent the hydrogeologic systems in this 5,600 square-mile
study area. The model was calibrated for the time period 1940 through the
spring of 1981. A comparison of the computed and measured 1981 water levels
was favorable. 1In most of the study area, the differences between computed and
measured water levels were less than 10 feet. 1In the southern part of the
study area, water-level differences of 15 to 20 feet occurred. An examination
of hydrographs from eight observation wells showed similar trends between the
observed and computed water levels during the calibration period.

The ground-water flow model was used to simulate a management alternative
that consisted of no additional irrigation development beyond the 1981 level.
Projected water levels indicated maximum rises above the 198l computed water
levels in the northwestern part of the study area of 40 feet by the year 2000
in a 50 square-mile area and 60 feet by the year 2020 in a 12 square-mile area.

1



INTRODUCTION

The use of surface water for irrigation and the subsequent development of
ground-water resources for irrigation has brought stability and increased
productivity to agriculture in south-central Nebraska. Surface-water irriga-
tion has been practiced along the Platte River since the 1890's. 1In the early
1940's and 1950's, the Central Nebraska Public Power and Irrigation District
(CNPPID) and the U.S. Bureau of Reclamation (USBR) developed surface-water
irrigation projects in the area between the Platte and Republican Rivers (fig.
1). The use of ground water for irrigation has also increased significantly
since the 1950's because of limitations on the availability of surface water
and because of the widespread availability of ground water.

The development of surface-water irrigation along the Platte River and in
the CNPPID has resulted in extensive ground-water-level rises as much as 110
feet above the levels in 1940. This has created both benefits (less water lift
for ground-water users) and costs or damages (water logging of certain areas
and changes in vegetation). Conversely, ground-water-~level rises along the
Republican River caused by seepage from Frenchman-Cambridge Irrigation District
and Nebraska—-Bostwick Irrigation District are not extensive and generally are
less than 5 feet.

Ground—-water-level declines caused by ground-water irrigation usually do
not exceed 5 feet, However, the potential for additional ground-water-level
declines does exist for several reasons. First, seepage from the surface-water
systems appears to have been balanced recently by ground-water pumping in these
areas. Second, in some areas where surface-water seepage does not occur,
ground-water pumping exceeds recharge from irrigation return flow and precipi-

tation. Finally, additional ground-water development is probable throughout
the study area.

The possibility of future ground-water-level declines and potential
changes in both the surface-water and ground-water systems led to an agreement
between the Nebraska Natural Resources Commission, the Lower Republican Natural
Resources District (NRD), and the U.S. Geological Survey for a quantitative
hydrogeologic study of the area. The results of this study are to serve as a

basis for evaluating the hydrology of the area and the effects of various
management practices.

Purpose and Scope

This report details the results of a study (1) to describe and study the
hydrogeologic system of the area and (2) to develop and demonstrate a capa-
bility for evaluating quantitatively the effects of management practices on
ground-water levels, streamflow, and surface-water seepage losses in the study
area,
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The scope of this study includes the development of a ground-water—-flow
model that uses new and previously available data. The water balance in
different components of the hydrologic system——the surface-water system, soil
zone, and saturated zone-—-were analyzed by using mathematical programs.

Qutput from these programs are used in a ground-water—-flow model of the satu-
rated zone, which simulates the effects of changes in recharge and discharge on
ground-water levels and streamflow. The surface-water system is included in
the model only to the extent necessary to determine the effects of surface
water on recharge to the ground-water reservoir or of ground-water discharge to
the surface-water system. Also, the unsaturated zone was not analyzed by use
of the mathematical programs because movement of water in the unsaturated zone
was treated as being directly between the soil zone and the saturated zone.

New field data collected for this study include the following:
(1) Twenty—-three test holes were drilled to a few feet below the base of the
Ogallala Formation or the oldest Quaternary deposits, if the Ogallala Formation
was not present. (2) Mass water-level measurements were made in the spring of
1981 and additional measurements were made in the fall of 1981 and spring of
1982. (3) Water from different parts of the aquifer at 68 different locations
was sampled and analyzed. (4) A land-use map for the study area was developed
for 1980 conditions. (5) Eighteen water-use sites were studied for 2 to 3

years to collect data on the amount of water pumped for different crops, soils,
and climatic conditions.

Available hydrologic and geologic data from previous studies were reviewed
ahd reassessed. Both the new and existing data were used in calibrating the
model and in developing management alternatives.

In addition to this report, which covers the items mentioned above in the
purposes of the study, two reports have been published on different components
of this investigation., One report (Hiergesell, 1984) describes the logs of 23
test holes that were drilled for this study. The second report (Bartz and
Peckenpaugh, 1986) lists and describes some of the data collected for this
investigation.

Previous Studies

In several previous investigations the geology and hydrology of the area
were examined. Two of these investigations cover a large part of the study
area and provide historic records such as water levels. Several other reports
describe geologic and hydrologic aspects of the Republican Valley and adjacent
areas. Reports on smaller areas provide information on special problems of
local interest. Recently, studies have been performed where ground-water flow
models have been developed covering part of the study area.



Lugn and Wenzel (1938) investigated the entire study area except those
parts of Furnas and Harlan Counties south of the Republican River. They
described the hydrology and geology of the Platte Valley from Dawson County
eastward through Hall County. Their work on the undissected uplands south of
the Platte River (the major part of this study) consisted of describing the
geology of the area and evaluating the ground—-water conditions by measuring
water levels in existing wells and by preparing a 1931-32 water-level
configuration map.

Johnson (1960) updated Lugn and Wenzel's study with a report describing
the undissected uplands south of the Platte River in south-central Nebraska.
He appraised the water content, thickness and water-yielding capacity of the
aquifer, direction and rate of ground-water movement and discharge or pumpage
from the aquifer. He also developed a 1948-52 water-level configuration map.

Several studies were conducted in the southern part of the study area
covering either all or parts of Red Willow, Furnas, Harlan, Franklin, and
Webster Counties. Condra (1907) performed a hydrogeologic investigation of the
above counties. Waite, Reed, and Jones (1944) briefly discussed the geology of
the same area; however, the main emphasis of their report was a description of
test-hole logs in the Republican Valley. Bradley and Johnson (1957) discussed
the geology and ground-water hydrology of a narrow area along the Republican
River from central Harlan County westward to the Nebraska-Colorado border.
Miller and others (1964) described the geology of Franklin and Webster
Counties.

The Conservation and Survey Division, University of Nebraska-Lincoln, has
published ground-water reports on Kearney (1948), Phelps (1953), and Franklin
(1957) Counties. These reports contain geologic cross sections and water-level
configuration maps. The U.S. Bureau of Reclamation has prepared reconnaissance
reports on the Lower Plum Creek damsite (1947), Fort Kearney Unit (1971), and
an environmental impact statement on CNPPID's E-65 system project improvements
(1975).

Several studies were performed by the U.S. Geological Survey on the flood
plain and terraces north of the Platte River. Waite and others (1949) presen-
ted maps showing the net changes in water levels from 1930 to 1939 and from
1939 to 1946 for the Platte Valley from North Platte to Fremont, Nebraska.
Keech (1952) described the ground-water resources of the USBR's Wood River Unit
from near Kearney to Wood River, Nebraska. Schreurs (1956) described the
geology and ground-water resources of Buffalo County and parts of Dawson and
Hall Counties. Keech and Dreeszen (1964) provided a 1961 water-level configur-
ation map of Hall County.

Bentall (1975a and 1975b) described the physiography, geology, soil, and
agriculture of the Platte Valley, and the hydrology of the Platte Valley,
respectively, as they related to a proposed surface-water diversion project.



Recently, hydrogeologic studies have been performed in parts of the study
area using ground-water flow models. Marlette and Lewis (1973) and Marlette,
Lewis, and Keasling (1974) discussed the development and results of a study
using a ground-water flow model for the Platte Valley in Dawson County.

Charley and others (1973) investigated CNPPID's E-65 system project improve-
ments by use of a ground-water flow model. Lappala, Emery, and Otradovsky
(1979) used a ground-water flow model in a study of the entire Platte River
basin, which included part of the area covered by this report. Peckenpaugh and
Dugan (1983) used ground-water modeling procedures in a study that covered the
Platte Valley on the north side of the Platte Rlver.

Method of Study

The hydrogeologic system was subdivided the into four components——
surface-water system, soil zone, unsaturated zone, and saturated or ground-
water zone. Computer programs were developed or obtained to represent the
hydrologic regime in each of the components except the unsaturated zone.

A digital finite-element, ground-water-flow model and associated data were
developed to represent the hydrogeologic conditions in the area. The Regional
Aquifer Simulation Model (RAQSIM) (Cady and Peckenpaugh, 1985) was the finite-
element program selected to be the flow model. The hydrogeologic data needed
to describe the characteristics of the ground-water system include, but are not
limited to, transmissivity, specific yield, base of the aquifer, and elevation
of the water table. Recharge and consumptive irrigation~requirement (CIR)
information are needed to generate the data on deep percolation and discharge
required for input to the ground-water flow model.

Some hydrogeologic data for the model were obtained from previous investi-
gations and some new data were collected. Numerous logs of test holes and
irrigation wells were obtained both from published reports and unpublished
data. In addition, 23 new test holes (Hiergesell, 1984) were drilled for this
study to obtain additional information on the aquifer characteristics and geol-
ogy. Ground-water samples from 68 different sites were collected and analyzed
to supplement existing water—quality information. Eighteen water-use sites
were studied for 2 to 3 years to obtain information on the amount of water
pumped for different crops, soils, and climatic conditions (Bartz and Pecken-
paugh, 1986). Data from the water-use sites, plus additional data on recharge
and CIR were obtained either from existing files or generated, in part, through
the use of computer programs. The flow model was calibrated using the above
data, and management alternatives were simulated with the calibrated model.



Well Numbering System and Altitude Control

Well numbers are based on the land subdivisions within the U.S. Bureau of
Land Management's survey of Nebraska. The numeral preceding N (north) indi-
cates the township, the numeral preceding W (west) indicates the range, and the
numeral preceding the terminal letters indicates the section in which the well
is located. The terminal letters denote, respectively, the quarter section,
the quarter-quarter section, the quarter—quarter—quarter section, and the
quarter—-quarter—-quarter—quarter section. They are-assigned in counterclockwise
direction beginning with "A” in the northeast corner of each subdivision. If
two or more wells are located in the same section, they are distinguished by
adding a sequential digit to the well number. Thus, a well inventoried in
SW1/4, SW1/4, SE1/4, NW1/4, sec. 24, T.5 N., R.18 W. would be as51gned the
number SN—18W-24BDCC. This example is shown in figure 2.

Altitudes (land-surface datum) for most wells were determined from 7-1/2
minute series topographic maps (scale 1:24,000) with 5- or 10-foot contour
intervals, which were available for the entire study area. Altitudes for some

wells, particularly long-term observation wells, were obtained by instrument
survey.
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PHYSICAL SETTING

The physical setting of the study area can be described by its physiog-
raphy, geology, climate, soils, natural vegetation, and land use. These
features have been important in shaping both the ground- and surface-water

developments and the distribution and extent of irrigated and dryland agricul-
ture in this area.

Location

The study area of 5,600 square miles is located in south-central
Nebraska. Although the original area of interest was located between the
Platte and Republican Rivers and the eastern and western boundaries of the
Tri-Basin and Lower Republican NRDs, the study area was extended to include all
the area shown in figure 1, in order to better simulate the hydrogeologic
system.
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The extended study area, which coincides with the modeled area, extends to
the Nebraska-Kansas border, except from eastern Harlan County through Franklin
and Webster Counties where the aquifer in these areas is not continuous and,
therefore, could not be modeled. The other areas, where the southern boundary

of the study area falls north of the Nebraska-Kansas border, were delineated by
the distribution of test holes.

Parts or all of 14 counties comprise the study area (fig. 1). The
counties and NRDs included in the study area are: Gosper, Phelps, and Kearney
Counties in the Tri-Basin NRD; Furnas, Harlan, Franklin, and Webster Counties
in the Lower Republican NRD; Dawson, Buffalo, and Hall Counties in the Central
Platte NRD; and Lincoln, Frontier, Red Willow, and Adams Counties in the Twin
Platte, Middle Republican, and Little Blue NRD's.

Physiography

The study area lies in two physiographic sections of the Great Plains
Province (Fenneman, 1931). The northern part is in the High Plains Section,
locally known as the Loess Plains. The southern part, encompassing the drain-
age system of the Republican River, is in the Plains Border Section, locally
known as the Loess Hills and Canyons or Republican River Breaks. The boundary
between the two sections, which corresponds approximately to the drainage
divide between the Republican and Platte Rivers, is not distinct and has been
subject to a variety of interpretations, although the characteristics of the
two landscapes are distinctly different.

The Loess Plains, which has a nearly flat to slightly rolling surface, is
underlain by a relatively undissected part of the Ogallala Formation. This
surface consists of a moderately thick mantle of silty, eolian deposits or
loess. While the surface of the Loess Plains appears to be largely flat, there
is a significant regional slope from west to east. Elevation ranges from over
2,600 feet in Gosper County to less than 1,900 feet in Webster County, an aver-
age slope of 10-15 feet per mile.

A major characteristic of the Loess Plains is the lack of external drain-
age over much of the area. Most of the drainage is into numerous small closed
basins or depressions that range in size from a few acres, with depths of 1
foot or less, to several square miles, with depths exceeding 20 feet. Until
recently, these depressions were catch basins for spring rains and they
remained inundated most of the year. Over the last 20 to 30 years, many of
these basins have been leveled or artificially drained. A few of the larger
basins are still maintained as wetland sanctuaries for migratory waterfowl.
These depressions, frequently called rainwater basins, buffalo wallows, or
lagoons, are believed to be deflation basins caused by wind erosion on the
Loess Plains (Thornbury, 1962).

The Platte Valley to the north blends almost imperceptibly into the Loess
Plains. The Platte River is largely superimposed on the Loess Plains in this
region., The true flood plain of the Platte River is only a few miles wide on
the south side of the river, but as much as 10 miles wide on the north side of
the river in Buffalo County.



Sandhills outliers occur south of the Platte River on the Loess Plains in
Phelps, Kearney, and Adams Counties. These sandhills consist of short, some-
what choppy dunes that probably orginated from sand blown out of the Platte
Valley. Two other anomalous sandhills areas occur in south-central Kearney and
north-central Franklin Counties and in east-central Kearney and west-central
Adams Counties, coinciding approximately with the Thompson Creek and Sand Creek
basins, respectively.

The Loess Hills and Canyons is characterized by a discontinuous or absent
Ogallala Formation that was largely removed by erosion prior to loess ‘deposi-
tion. The northern part of the Loess Hills and Canyons is the dissected edge
of the Loess Plains where the Ogallala Formation is present but discontinuous,
resulting in small but numerous tablelands. Farther south in the study area
where the Ogallala Formation is usually absent, the tablelands gradually change
to a more rounded topography, particularly south of the Republican River in
Franklin and Webster Counties. The topography is generally not steep, but is
characterized by rather complex drainage patterns. The closed basins found on
the Loess Plains are largely absent throughout the Loess Hills and Canyons.

The entire area of Loess Hills and Canyons is mantled by loess. Flat-
topped hills or tablelands with rather broad, shallow, flat-bottomed canyons
coincide with the somewhat thicker loess deposits in the northern areas. Where
the loess thins south of the Republican River, the topography becomes more
rounded as the underlying bedrock surface assumes more topographic control.
Outcrops of Ogallala Formation and Cretaceous units, the Pierre Shale and
underlying Niobrara Formation, occur south of the Republican River, particu-
larly along the bluffs above the valley where the loess mantle is absent.

Approximately 50 percent of the Loess Hills and Canyons in the study area
is native rangeland. However, nearly all of the tablelands and some of the
broader canyons are cultivated. Many of the larger tablelands have been devel-
oped for irrigation where adequate ground water occurs.

A distinct area that geologically and geographically belongs to the Loess
Plains but is similar topographically to the Loess Hills and Canyons is a high-
ly dissected area in the extreme northwestern part of the study area, particu-
larly in southwest Dawson County. Here the natural drainage system that flows
into the Platte River has eroded the loess mantle of the Loess Plains into
rather steep bluffs and escarpments. In some cases the underlying Ogallala
Formation is exposed.

The topographic positions of the Platte and Republican Rivers are signifi-
cant to the physiography of the study area. The Platte, as mentioned previous-
ly, is largely superimposed on top of the Loess Plains with very little valley
incision or tributary development, resulting in minimal dissection of the Loess
Plains. The Republican River and its tributaries, which are in the Loess Hills
and Canyons, are well entrenched, occupying a position 200 or 300 feet lower
than the Platte River. This difference is apparent in the degree of areal
erosion or dissection of Loess Hills and Canyons.
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Geology

The land surface in the study area consists of unconsolidated Quaternary
deposits, except along valleys where streams have eroded through the Quaternary
materials. This erosion is most evident in the southern part along the Repub-
lican River and its tributaries.

Quaternary deposits are composed of sands, gravels, silts, and clays of
fluvial origin and sands, silts, and clays of eolian origin. The thickness of
these deposits varies from zero along the valley sides of the Republican River
and its tributaries to about 390 feet in the uplands of northwestern Gosper
County. Quaternary deposits thin toward the south. South of the Republican
River these deposits form a thin mantle on older bedrock units. Also, the
Quaternary deposits decrease in thickness from west to east across the study
area.

During the Quaternary Period, several episodes of fluvial and eolian depo-
sition were followed by periods of erosion and soil formation. These events
were related to advancing and retreating or melting of continental ice sheets
in eastern Nebraska. These ice sheets blocked the valleys of eastward flowing

streams and diverted their flow southward and southeastward along the ice
margins.

The diversion of these streams caused a lowering of stream gradients and a
reduction in their sediment-carrying capability. The streams aggraded their
valleys and alluvial plains developed in front of the ice sheets, After the
ice retreated or melted, the sediment load of these streams decreased and the
level to which the streams could erode valleys into the alluvial plains was

lowered. The resulting erosion produced a new landscape of valleys and
uplands.

Within each depositional sequence, the lower part is generally coarse-
textured sands and gravels, while the upper part is fine-textured silts and
clays. At some locations these fine-textured sediments have been eroded; thus,
the sand and gravel deposits of one sequence occur vertically adjacent to those
of another sequence or are separated by only thin layers of silt and clay.

Upper Quaternary dune sand covers parts of northern Phelps and Kearmey
Counties and the area adjacent to Thompson Creek in Franklin County. In
several areas, the dune sand has been reworked from existing sand deposits to
form areas of rough topography.

Colluvium, consisting primarily of reworked loess, mantles most terraces
in the study area. Its deposition probably alternated with deposition of silt
and fine sand blown from the loess—mantled uplands. The colluvium thins from
the margin of the uplands toward the terraces and flood plaias.
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The Ogallala Formation of Tertiary age lies immediately below the Qua-
ternary deposits in much of the study area. The Ogallala Formation has been
completely removed by erosion in eastern Kearney County, in central and
southern Franklin County north of the Republican River, and in Webster County
north of the Republican River, except for an outlier in the northeastern
corner. The Ogallala Formation also has been completely eroded along parts of
the Republican River valley and the valleys of its tributaries. The thickness
of the Ogallala Formation within the study area ranges from zero in the areas
previously mentioned to over 300 feet in the southwestern corner of Dawson
County. '

The Ogallala Formation consists primarily of .calcareous silt, silty or
sandy clay, and fine- to medium—grained sand. The sand is consolidated into
friable sandstone in some locations. These materials often are interbedded
with marly zones, and a basal gravel is present at several locations.

The Ogallala Formation can be grouped into three units: Undifferentiated
silt, clay, and sand (the most common unit, which was described above);
quartzite; and "mortar beds”. The quartzite consists of sand and silt that was
cemented by secondary accumulations of silica. The mortar beds consist of sand
and silt that was cemented by secondary accumulations of calcium carbonate.
Both the quartzite and mortar beds are largely discontinuous lenticular
bodies. At a few places where both units are present, the mortar beds overlie
the quartzite. Both units are well consolidated; thus, they form ledges when
exposed on the sides of valleys.

! Cretaceous bedrock units, unlike the Quaternary deposits and Ogallala
Formation, are not considered hydrologically important to this study. These
units, which directly underlie the Ogallala Formation or the Quaternary
deposits where the Ogallala is not present, are thick beds of shale with some
thinner beds of shaley chalk and chalk.

Six general hydrogeologic sections (fig. 3 and 4a-f) show the variability
of the hydrogeology of the Quaternary deposits and the Ogallala Formation that
comprise the aquifer in the study area. The Quaternary deposits and Ogallala
Formation are not separated hydrologically.
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Climate

The climate of the study area is classified as subhumid continental,
characterized by cold winters, hot summers with moderate amounts of precipita-
tion and no distinct dry season. As with all midlatitude continental climates,
strong seasonal temperature contrasts occcur. Precipitation is not evenly
distributed seasonally, and annual variation may be significant. In some years
the climate is more semiarid than subhumid.

Little spatial variation in temperature occurs. throughout the study area.
For example, at Holdrege, Nebraska, the mean January temperature, usually the
coldest month, averages 23.7° F, with an average daily range of 21.7° between
the high and low temperatures. The warmest month, July, averages 76.9° F, with
a daily range of 26.6° (National Oceanic and Atmospheric Administration,

1983). Temperature extremes are less than —-20°F in the winter and greater than
110°F in the summer.

The frost-free season, or growing season, ranges from 150 to 160 days in
the study area between the first week in May and October 5-10 (Lawson and
others, 1977, p. 30). Frost dates, however, may occur as much as a month
either before or after these dates. The growing season is sufficient for a
wide variety of crops.

Average annual precipitation ranges from approximately 20 to 26 inches
across the study area. However, the coefficient of variation is approximately
25 percent of the average, which means it reasonably can be expected that
precipitation will range from 18 to 30 inches in any given year. In approxi-
mately 2 years in 10, the study area receives less than 18 inches of precipi-

tation annually, an indication of the frequency of severe drought conditions
for this region.

Severe drought years occasionally occur in a series, such as the 1890's,
1930's, 1950's, and somewhat in the 1970's. These long-term drought periods
have detrimental effects on crops, natural vegetation, and available water
resources. In the study area, the more severe droughts frequently are accomp-
anied by hot, dry, continental tropical air masses that cause an even greater

demand for water by crops and vegetation, resulting in even greater evapotrans-
piration rates.

In the study area, 75 to 80 percent of the annual precipitation occurs
during the warm season (April through September), which closely corresponds to
the growing season. The 20 to 25 percent that occurs in the cool season
(October to March), however, is often more effective in replenishing soil

moisture and providing ground-water recharge, because evapotranspiration rates
are small.
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Warm season precipitation largely results from convective activity or
thunderstorms and squall lines, which cause wide variations in spatial patterns
of rainfall. Large amounts of precipitation may occur in isolated locations,
while other areas may receive little or none during the same storm period.
However, data for cool-season precipitation for the period of record indicates
greater statistical differences from year to year than does warm season precip-
itation. This is related to the variability in cyclonic storm tracks from year
to year. Long-term droughts are usually associated with extended periods of
deficits in cool-season precipitation, when soil moisture is not replenished.

The overall demand or need for water in a particular climatic region is
indicated by potential evapotranspiration. Using the Jensen-Haise (1963)
method of calculation, annual potential evapotranspiration averages from 47 to
50 inches of water in the study area, increasing from east to west. Because
annual precipitation averages about 50 percent of potential evapotranspiration
there are extended periods in which soil-moisture deficits likely will occur.

Approximately 90 percent of the annual potential evapotranspiration is
confined to the warm season. During this period soil-moisture deficits
normally occur despite the greater incidence of warm-season precipitation.
During the cool season, precipitation and potential evapotranspiration rate are
much more favorable, resulting in increased soil moisture and water available
for recharge. Annual potential evapotranspiration during severe drought years
is as much as 25 percent greater than the average in the study area. This
corresponds to a greater incidence of sunshine, less humidity, higher tempera-
ture, and more frequent occurrence of drying winds.

Soils

Soils are significant to hydrology because of their ability to tramnsmit or
store water, Physical characteristics of the soils, such as permeability and
soil slope, affect the volume of precipitation that may be captured. The
ability of the soil to retain or store water for use by plants, often expressed
as the soil's available water capacity, is largely a function of the soil's
texture, The predominant parent material for the area is eolian loess, which

tends to produce soils of moderate to low permeability and high available water
capacity.

Soil variations (fig. 5) that exist in the study area are associated
largely with topographic differences (fig. 6). The soils can be subdivided
into (1) silt loam to silty clay loams of the undissected uplands (soil group
A); (2) loams to silty clay loams of the dissected uplands (soil groups B, C,
and F); (3) fine sandy loam to fine sand of the uplands (soil groups E and

H);and (4) variable soils of the flood plains and terraces (soil groups D and
G)'
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