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CONVERSION OF U.S. CUSTOMARY UNITS TO
INTERNATIONAL SYSTEM OF UNITS (SI)

Multiply U.S. customary units

acre
acre-foot (acre-ft)

acre-foot per year
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foot per day (ft/d)
foot per year (ft/yr)
inch (in.)

mile (mi)

square mile (mi?)

degree Fahrenheit (°F)

By
0.0040
1,233
1,233

0.02832

0.3048
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1.609
2.509
(°F -32)/1.8

VIII

To obtain SI units

square kilometer
cubic meter

cubic meter per year
cubic meter per second

meter

meter per day
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millimeter
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DEFINITION OF HYDROGEOLOGIC TERMS

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 attributable 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.

Constant head - The condition used in ground-water modeling where water
levels are not allowed to change unless the stream or aquifer goes
dry.

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 moisture and infiltrated
precipitation have been drawn upon.

Crop coefficient - The monthly ratio of actual to potential evapotrans-
piration based on field experimentation.

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 or out of 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 significant properties of the aquifer are independent of
direction.

Nonhomogeneous - The hydrologic properties of the aquifer vary throughout
the aquifer.

IX



DEFINITION OF HYDROGEOLOGIC TERMS

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

Seepage measurements - Streamflow measurements made during periods of
low flows, when surface-water runoff is at a minimum.

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.

Sustained cultivation - Dryland or irrigated cultivation that can be
maintained for an extensive period of time.

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, referred
to as a water-table aquifer.

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

Unsaturated zone - The zone between the land surface and the water
table, including the capillary fringe.

Water table - The surface in a groundwater body (unconfined aquifer) at
which the water pressure is atmospheric.



HYDROGEOLOGY OF PARTS OF THE CENTRAL PLATTE AND LOWER LOUP
NATURAL RESOURCES DISTRICTS, NEBRASKA

By J. M. Peckenpaugh and J. T. Dugan

ABSTRACT

Water-level declines of at least 15 feet have occurred in this
heavily irrigated area of central Nebraska since the early 1930's, and
potential for additional declines is high. To test the effects of
additional irrigation development on water levels and streamflow in the
area, computer programs were developed that represent the surface-water
system, soil zone, and saturated zone of the hydrogeologic system. A
two-dimensional, finite-difference ground-water flow model of the 3,374
square-mile study area was developed and calibrated using steady-state
and transient conditions, and three management alternatives were examined.
Results indicate that significant additional water-level declines will
occur even if there is no additional ground-water development.

The first management alternative examined is diversion of an
additional 125,000 acre-feet of water per year from the Platte River.
This alternative would have a substantial effect on flows in the Platte
River. During a water year in which flows are similar to those in 1957,
months of zero streamflow at Grand Island and near Duncan would increase
from the historical 2 and 3, respectively, to 7. Projected declines in
ground-water levels based on this alternative and the 1976 level of
ground-water development are small. After 5 years of such low flows, in
30 model nodes (997.4 acres per node) water levels would decline more
than 5 feet, and the maximum decline would be 10.7 feet.

The second alternative examined is to allow no new ground-water
development after 1980, but to apply irrigation water at five different
rates ranging from a low of 80 percent of consumptive-irrigation requirements
(CIR) to a high of 16.0 inches per year (about 125 to 150 percent of
CIR) for the western part of the study area. With a medium application
rate of 100 percent CIR, water-level declines of more than 20 feet are
projected for 20 percent of the study area by the year 2000; maximum
projected declines are between 60 and 79 feet. For the same application
rate, maximum projected declines by the year 2020 are between 100 and
119 feet.



The third alternative is to allow potentially irrigable but unirrigated
land to be developed at an annual rate of 2, 5, and 8 percent and to
apply irrigation water at 80, 100, and 120 percent of CIR. Compared to
water levels of August 31, 1976, maximum projected declines by the year
2000 for each of the development rates and for 100 percent of CIR are
between 60 and 79 feet.

Thirty variations of the last two alternatives were evaluated, and
maps showing results of 17 are included in this report. Also included
are 10 maps delineating and describing the hydrogeologic characteristics
of the aquifer.

Modeling results indicate that water levels will decline. The
declines in shallow-water areas will increase the amount of evapotranspiration
salvage, will cause more surface water to move into the aquifer, and
will cause less ground water to move into the streams.

INTRODUCTION

During the past several decades, the availability of ground water
for irrigation has enabled the farmers and ranchers in much of Nebraska
to greatly increase productivity. This has been particularly true in
this study area (fig. 1). Irrigation itself is not new to the area;
both the Platte and the Loup Rivers, between which the study area lies
in central Nebraska, have been used as sources of surface water for
irrigation since the 1890's. However, limitations on the availability
of surface water, the widespread availability of ground water and other
factors spurred the use of and dependence on ground water for irrigation,
so that now part of this area has the highest irrigation-well density of
any comparable area of the State.

Ground-water supplies, while rechargeable in most instances, are
not infinite, and in several areas of the State intensive withdrawals of
ground water severely strain the capacity of the ground-water system so
that water levels are declining. Although no severe problems of water-
level decline have as yet been identified, progressive water-level
declines are occurring in parts of the study area. Declines of at least
15 feet have been measured in parts of Dawson and Buffalo Counties.

The potential for additional water-level declines is high for
several reasons. First, current ground-water pumpage for irrigation,
which caused the present declines, will continue. Second, within the
area, additional development that will accelerate current declines is
likely. Finally, additional ground-water irrigation west of the study
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area and additional surface-water diversions from the Platte River may
result in additional water-level declines, but only if these developments
reduce the annual flows of the Platte River within the study area below
a critical level. Fred Otradovsky of the U.S. Bureau of Reclamation,
Grand Island, Nebr. (personal communication, 1983), believes a reduction
of 50 percent in streamflow would cause less than a 1-foot drop in river
stage. Such a drop in stage would produce additional but only small
declines in ground-water levels.

The continuation of additional water-level declines is predictable;
however, the location and magnitude of future declines are less predictable.
Realizing this, the Central Platte and the Lower Loup Natural Resources
Districts, in 1977, entered into an agreement with the U.S. Geological
Survey to do a quantitative hydrogeologic study of the area. The results
of tnis study are to serve as a basis for testing the effects of various
management alternatives for additional irrigation development on water
levels and streamflow in the study area and are the subject of this
report.

Purpose and Scope

There are two principal purposes for this study. The first is to
describe the hydrogeologic system of the study area. The second is to
develop and demonstrate a capability for evaluating, quantitatively, the
effects of different management alternatives on water levels and on
streamflow in the study area.

In this study, the different components of the hydrologic system --
surface-water system, soil zone, unsaturated zone, and saturated zone --
were analyzed using mathematical programs whenever possible. These
programs are linked to form a single model of the system so that the
responses of the entire system to variations imposed on it can be simulated
mathematically. 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 the converse.

Few new field data were obtained for this study. Hydrologic and
geologic data obtained by previous investigators were reviewed and
reinterpreted using numerical techniques. Also, large amounts of data
on land use, climate, and water use were obtained from others. Such
data are essential input in evaluating the effects of different management
alternatives on the water resources of the study area.



Management alternatives for evaluation were selected in consultation
with the Central Platte and the Lower Loup Natural Resources Districts.
A total of 30 variations of alternatives were examined. Of these,
results of the 17 most representative variations are shown in maps and
tables of this report.

Previous Studies

Several previous investigations were made to determine the geology
and hydrology of this area. Three cover nearly all of the present study
area that lies within the Platte Valley -- the flood plains and terraces
between the Platte and Loup Rivers -- and provide historic records, such
as those of water levels, critical to this study. Reports on studies of
smaller areas provide insight into special problems of local interest.
Most of the previous studies were limited to terraces and flood plains
of the Platte and Loup Rivers.

Lugn and Wenzel (1938), in an early study of south-central Nebraska,
describe in detail the geology and hydrology of nearly all of the Platte
Valley included in this study area. They discuss the origin, character,
and thickness of the Pleistocene water-bearing materials in the Platte
Valley, present logs of about 75 test holes, provide maps showing depth
to water from the land surface and elevation of the water table during
the summers of 1931 and 1932. They also discuss development of both
surface- and ground-water irrigation up to 1932.

Wenzel (1940) investigated declining water levels beneath the city
of Grand Island. He concluded that the cause was excessive pumping from
wells too closely spaced and recommended that wells be installed outside
the city so that pumping stress could be distributed over a larger area.

Several studies were made in the 1940's and 1950's as part of the
program of the Department of the Interior for development of the Missouri
River Basin. Waite and others (1949) supplemented existing hydrogeologic
information on the Platte Valley from North Platte to Fremont, Nebr.

Maps were presented that show net changes in water levels from 1930 to
1939 and from 1939 to 1946 and that show the elevation and configuration
of the water table in March 1947.

Several areas investigated under the Missouri River Basin Program
were being considered for project development by the U.S. Bureau of
Reclamation. These areas cover a major part of the present study area.
Keech (1952) describes the ground-water resources of the Wood River Unit
from near Kearney to near Wood River, Nebr., a 233 square-mile area
proposed for a balanced surface- and ground-water irrigation system.



Sniegocki (1955) describes the ground-water resources of the Prairie
Creek Unit, a 650 square-mile area between the Loup and Platte Rivers
extending from near Grand Island to Columbus. Schreurs (1956) describes
the geology and ground-water resources of Buffalo County and parts of
adjacent Dawson and Hall Counties, where consideration also was being
given to development of a balanced surface- and ground-water irrigation
system. Keech and Dreeszen (1964), in a report on the availability of
ground water in Hall County, include a map showing the elevation and
configuration of the water table in 1961. Their study, however, was not
a part of the Missouri River Basin Program.

Several hydrogeologic studies have been conducted in the Loup River
basin, but only one included any of the present study area. In that
one, Hyland and Keech (1964) describe the ground-water resources of the
Cedar Rapids Division in southeastern Howard and northwestern Merrick
Counties.

More recently, hydrogeologic studies have been conducted for parts
of the study area using ground-water flow models. Marlette and Lewis
(1973) and Marlette and others (1974) discuss the development and
results of a study using such a model for the Platte River valley of
Dawson County. Also, Lappala and others (1979) used such a model in a
study of the entire Platte River basin, which included all of the study
area.

Bentall (1975a) describes the physiography, geology, soil, and
agriculture of a large part of the study area. Bentall (1975b) also
describes the hydrology of the study area and upstream reaches of the
Platte River. In nis reports, Bentall reviews previous studies and
discusses the above items as they relate to a proposed surface-water
diversion project in this area.

General Methodology

The general methodology for this study was first to subdivide the
hydrogeologic system into four components -- surface-water system, soil
zone, unsaturated zone, and saturated or ground-water zone. Computer
programs were developed or obtained to represent each of the components
except the unsaturated zone, for which this was not possible.

A ground-water flow model was developed to represent the hydrogeologic
conditions in the area over time. Hydrogeologic data, necessary for the
model, were obtained mainly from previous investigations. However, data
on recharge and consumptive-irrigation requirements (CIR) were obtained



either from existing files or were generated, in part, through use of
computer programs. The model was then calibrated using the above data,
and several management alternatives were simulated with the calibrated
model.

The hydrogeologic data are those needed to describe the characteristics
of the ground-water system. They include but are not limited to hydraulic
conductivity, specific yield, base of the aquifer, and elevation of the
water table. Recharge and CIR data, hereafter called 'recharge-CIR
data', are those necessary to generate data on deep percolation and
discharge required for the ground-water flow model. Recharge-CIR data
provide information on soils, climate, water requirements of plants,
land use, irrigation-well distributions, acres irrigated per well,
surface-water irrigation and seepage, and stream flow.
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PHYSICAL SETTING

The physiography, geology, climate, soils, natural vegetation, and
land use of the study area are extremely important in influencing the
surface-water and ground-water developments of the area. These features
have also been instrumental in determining urban and rural development
and the general economic systems of this area, which are strongly dependent
upon agriculture, especially irrigated agriculture.

Location and Extent

The study area is shown in figure 1. It comprises all of the
Central Platte Natural Resources District (NRD) north of the Platte
River and all of the Lower Loup NRD south of the South Loup, Middle
Loup, and Loup Rivers. The study area was extended 3 miles west of the
western borders of Dawson and Custer Counties so that modeling errors
near these borders could be minimized. The study area includes 3,374
square miles. Its maximum east-west distance is 155.7 miles and its
maximum north-south distance is 59.3 miles.

7



Physiography

The study area lies within the High Plains section of the Great
Plains Province. From central Hall County eastward, the study area does
not fit the standard geologic description of the High Plains because the
Tertiary materials are absent. A substantial Quaternary mantle is
present in this area, and there is no surficial difference between areas
where the Tertiary materials are present or absent.

Significant contrasts exist between the topography in the valleys
and uplands of the study area. Three major topographic types are present:
(1) uplands, (2) terraces, and (3) flood plains. Figure 2 delineates
the location of these types. This figure was developed from soil maps
of the area (Hayes and others, 1924, 1925, 1926, 1928; Veatch and Seabury,
1918; Paine and others, 1929).

The uplands are predominantly loess-mantled, highly dissected, and
generally not suitable for sustained cultivation. However, relatively
large tablelands are found in Custer County and small, flat interfluves
occur in Dawson and Buffalo Counties. Both of these land forms support
irrigated agriculture. Significant areas of the uplands and high terraces
in southwestern Custer County, southeastern Howard County, and northern
Merrick County are mantled with dune sand stabilized by grass. Most of
this sandy material exists as a relatively thin veneer over loess (wind-
blown silt) or as silty deposits that have drifted in from the Sand
Hills or other nearby sources of sand.

The terraces and flood plains are the result of entrenchment of the
Platte and Loup Rivers and their tributaries at elevations from 50 to
150 feet below the uplands and tablelands. The Platte River was superimposed
on the existing Tertiary landscape, and Quaternary materials were deposited
during periods of aggradation, while some of these materials and other
units were eroded during periods of degradation. The terraces are
primarily covered by a loess mantle with a sandy or gravelly substratum.
The loess in some areas is reworked with sandy alluvium; whereas, in
other areas it is eroded so that the terraces are covered by a silty and
clayey alluvium.

The flood plains along the Platte River gradually blend into the
terraces. Those along the north side of the river are more extensive
than those on the south side. The flood plains in all but the downstream
reaches of the Wood and South Loup Rivers are so narrow that they are
not mappable at the scale used in figure 2. The flood plain of both
streams widens toward the east, that of the Wood River as it merges with
the flood plain of the Platte River and that of the South Loup River as
it nears its confluence with the Middle Loup River. The flood plains
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are usually covered by sandy, silty, and clayey materials that reflect

the energy, or carrying capacity, of the moving water and their depositional
history. However, some of the terraces and flood plains, near Shelton

and west of Grand Island, are mantled with dune sands.

The width of the Platte Valley varies throughout the study area.
It is about 12 miles wide east of Gothenburg, but narrows to about 6
miles near Elm Creek and to 3 miles west of Kearney. From there to
western Merrick County it widens to a maximum of 17 miles. The terraces
and flood plains of the Middle Loup and Loup Rivers, beginning in western
Hall County, increase significantly in width from upstream reaches in
which the valley is 1 to 4 miles wide. From Merrick County eastward to
the confluence of the Loup and Platte Rivers, the Loup and Platte River
valleys merge but are separated in two areas by uplands where dune sands
have been deposited forming sandhills.

Land-surface elevation of the study area varies from 3,088 feet in
the west to 1,405 feet in the east. From west to east, the Platte
Valley declines from 2,400 feet to about 1,550 feet, which is an average
slope of 7 feet per mile. West of Kearney the topography is rougher and
has a steeper riverward slope than east of Kearney. From Merrick County
eastward, the topography is nearly level, having slopes only slightly
greater than those of the Platte River, except in northern Merrick
County where rough sand dunes occur. Throughout most of the valley, the
terraces merge gradually into the flood plains.

Geologz

Quaternary deposits comprise the land surface in the study area and
form the most significant portion of the saturated zone from the middle
of Hall County eastward. These deposits are sands, gravels, silts, and
clays of fluvial origin and silts and clays of eolian origin. The
thickness of these deposits varies from about 20 feet in the Platte
Valley of southwestern Buffalo County to about 350 feet in the upland of
eastern Dawson County.

In the study area, several episodes of fluvial and eolian deposition
were followed by periods of erosion and soil formation during Quaternary
time. These events were related to the advancing and retreating (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.
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The diversion of these streams lowered their gradients and reduced
their sediment-carrying capability. The streams aggraded their valleys
and eventually constructed alluvial plains in front of the ice sheets.
After melting of the ice sheets, the sediment load of these streams
decreased. The level to which the streams could erode valleys into the
alluvial plain lowered, and subsequent erosion produced a new landscape
of valleys and uplands.

Within each depositional sequence, the lower part is generally
coarse-textured sediments, sands and gravels, while the upper part is
finer-textured sediments, silts and clays, which, in some cases, were
largely removed during the erosional intervals. Thus, in many places
the sand and gravel deposits of one sequence occur vertically adjacent
to those of another sequence, or are separated only by thin layers of
clay or silt.

The Quaternary deposits in the upland areas contain thicker intervals
of silts and clays than in the flood plains and terraces, because the
silts and clays in uplands were less subject to removal during erosional
intervals. As a result, thick units of silts and clays, primarily
loess, still remain beneath the uplands. However, only a few feet of
loess remain beneath the flood plains and terraces because most of it
has been removed by erosion or has been reworked into alluvium. The
loess and loess-like alluvial deposits are the most extensive surface
deposits in the study area.

Upper Quaternary dune sand covers parts of southwestern Custer
County and extensive areas between the Platte and Loup River valleys in
Hall, Merrick, Howard, Nance, and Platte Counties. These dune sands
usually rest on loess. In several small areas, dune sand has been
reworked from existing sand deposits to form areas of rough topography.

Alluvium, consisting primarily of reworked loess, mantles most
terraces in the Platte Valley. Its deposition probably alternated with
the deposition of silt and fine sand blown from the loess-mantled uplands.
The thickness of the alluvium ranges from 50 feet, adjacent to the
uplands, to zero feet at the margins of the terraces and flood plains.
Alluvium extends up the Wood River valley and other stream valleys that
drain the uplands.

The Tertiary Ogallala Formation lies immediately below the Quaternary
deposits in the study area from the middle of Hall County westward. The
Ogallala Formation, fluvial in origin, consists of semiconsolidated
calcareous silt, sand, and sandstone with some interbedded marly zones,
and with a basal gravel at some locations. The thickness of the Ogallala
Formation ranges from zero feet at its eastern extent in Hall County to
over 540 feet in Dawson and Custer Counties and is related to the topography
of the underlying Cretaceous bedrock.
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Cretaceous bedrock units, which are thick beds of shale with some
thinner beds of shaley chalk and chalk are not considered hydrologically
important to this study. These units directly underlie the Ogallala
Formation and the Quaternary deposits where the Ogallala Formation is
not present. The bedrock surface, which was produced by erosion, consists
of valleys and intervalley ridges that are unrelated to the present land
surface. The total relief of this buried surface is about twice the
present land surface.

Climate

The climate of the study area, which has irregular precipitation,
low to moderate humidity, hot summers, and severe winters, is typical of
regions within large continents in the mid latitudes. The average
temperature of the warmest month, July, ranges from 75° to 78° F across
the study area, whereas, that of the coldest month, January, ranges from
22° to 26° F. Extreme temperatures range from -40° F to 117° F. The
winters are slightly milder in the western part of the study area, and
the summers are warmer and more humid in the eastern part. The growing
season (period between killing frosts) averages from 150 days in the
west to 160 days in the east.

Variability characterizes precipitation in the study area. Mean
annual precipitation from 1931 to 1976 ranged from about 19.3 inches in
the western part to about 24.8 inches in the extreme east. Annual
precipitation frequently varies from the mean by 50 percent. Drought
periods can last for several years. Noteworthy droughts since the last
century occurred in the mid-1890's, 1930's, mid-1950's, and mid-1970's.
The dry periods were accompanied by warmer-than-average temperatures,
and increases in desiccating winds increased evapotranspiration losses
and intensified drought conditions. Frequent short-term deficiencies of
precipitation during the growing season often have serious effects on
crop production. Although from 70 to 80 percent of the annual precipitation
nommally occurs during the growing season of April through September, it
often is irregularly distributed. Precipitation generally is uniformly
distributed over the study area from September through April because of
its cyclonic or frontal origin. From May through August; however, most
precipitation is the result of convective activity (thunderstorms);
thus, it is distributed nonuniformly.

Potential evapotranspiration (PET) in the study area exceeds average
annual precipitation. Although precipitation ordinarily exceeds PET
from October through May, PET exceeds precipitation from June through
September. Low humidity, periods of persistent winds, and a high incidence
of sunshine contribute to high PET rates.
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Soils

The soils of the study area are indicative of the climatic, geologic,
and biotic factors that influence their development. The major soil
characteristics resulted from the development of the soils on loess, or
loess-1like fluvial silts, in a semiarid to subhumid climate with a
grassland regime. Development under such conditions produced dark,
granular, relatively thin topsoils. Several of the soils possess an
argillic horizon, which is an accumulation of clays in the upper subsoil
resulting from downward movement of fine-grained materials (clays)
during soil development.

The soils and topography of an area are strongly related. This is
apparent from a comparison of the soils and topographic-types maps
(fig. 3 and 2, respectively). On figure 3, the soils in the study area
have been grouped according to hydrologic properties. The following
discussion illustrates the relationships between soil groups and topography.

Dissected uplands are composed of soils possessing minimal development
that are formed on loess. These soils comprise the Coly-Colby-Uly-Ulysses
group (map symbol "F'' on fig. 3).

Level uplands and high terraces exhibit much deeper soil development.
They are formed on loess and reworked loess, with the major group being
Holdrege-Hord-Hall-Kenesaw (map sumbol "E"). The substrata of some
terrace soils may be sandy alluvium. These soils have moderate to low
permeabilities and are well suited for irrigation.

Extensive areas of the uplands and terraces are mantled with
highly permeable soils as a result of their formation in sandy alluvium
or eolian sands. The Ortello-Blendon group (map symbol "D') and the
Valentine-Thurman group (map symbol "G") are these types of soils.

Parts of the lower terraces that formed in loess and silty alluvium
have a well-defined claypan and are slowly permeable and, in places,
poorly drained. These soils form the Wood River - Silver Creek group
(map symbol "H'). The Inavale-Loup-Alda-Platte group (map symbol "A")
and the O'Neill-Sarpy group (map symbol "I') also occupy the lower
terraces, but have been derived from sandy materials and are highly
permeable and well drained.

Flood-plain soils include a variety of textural types ranging from
silty or clayey to sandy, with the more sandy soils predominating. The
Gibbon-Lamo group (map symbol ''C") occupies clayey bottomlands; whereas,
the Wann-Cass-Leshara group (map symbol "B'") occupies sandy bottomlands.
All of these soils are poorly drained as a result of seasonal high-water
tables.
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The agricultural potential of most soils in the study area is high.
Only the soils of the dissected uplands, which are thin and sloping, and
of certain bottomlands, which are poorly drained because of frequent
high-water table conditions or presence of a clay layer<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>