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WATER-LEVEL CHANGES IN THE HIGH PLAINS AQUIFER
UNDERLYING PARTS OF SOUTH DAKOTA, WYOMING, NEBRASKA,
COLORADO, KANSAS, NEW MEXICO, OKLAHOMA, AND TEXAS--
PREDEVELOPMENT THROUGH NONIRRIGATION SEASON 1988-89

by Jack T. Dugan, Donald E. Schild, and
William M. Kastner

ABSTRACT

Changes in water levels in the High Plains aquifer
underlying parts of South Dakota, Wyoming, Nebraska,
Colorado, Kansas, New Mexico, Oklahoma, and Texas
result from the variability of precipitation, land use,
and ground-water pumpage. Water levels declined from
the time aquifer development began until 1980 through-
out much of the High Plains, except in South Dakota and
Wyoming. From 1980 to 1989, water-level changes were
variable, with declines ranging from 7.5 feet to more
than 15 feet in the areas of intense irrigation devel-
opment in Kansas, New Mexico, Oklahoma, and Texas.
Large areas showing 7.5 to 15 feet of decline were
present in northeastern Colorado, southwestern
Nebraska, and in Box Butte County, Nebraska. Water
levels were either stable or rising in the remaining
areas of the aquifer, with some areas showing rises of
more than 15 feet. The average area-weighted water-
lTevel change from 1980 to 1989 was a decline of
0.23 foot. A decrease in ground-water pumpage for
irrigated agriculture was associated with above normal

precipitation throughout the High Plains during 1981
through 1988.

Water-level changes from 1988 to 1989 also were
variable. Water levels continued to decline in most
highly developed areas, rose only in scattered, iso-
lated areas, and remained almost stable in more than
half of the study area, where irrigation development
was minimal. The average area-weighted change from
1988 to 1989 was a decline of 0.65 foot, which is
larger than the change from 1980 to 1989. This decline
was due to the large water-level declines in eastern
Nebraska and most of Kansas that were related to
below-normal precipitation and an increase in pumpage
in irrigated areas.

The changes 1in water levels in the High Plains
aquifer from 1980 to 1989 and from 1988 to 1989 are
presented in maps. These maps were compiled from data
obtained from U.S. Geological Survey and State data
files. Water-level changes are discussed in relation
to precipitation and ground-water irrigation.



INTRODUCTION
(Modified from Kastner and others, 1989)

Report on Water Levels in the High Plains
Aguifer is Requested by Congress.

The Omnibus Water Resources ODevelopment Act of
1986 (Public Law 99-662) amended the Water Resources
Research Act of 1984 (Public Law 98-242). The amend-
ment added a Title III to the legislation that states,
in Section 306, that the U.S. Geological Survey in
cooperation "...with the States of the High Plains
region is authorized and directed to monitor the levels
of the Ogallala [High Plains] aquifer, and report
annually to Congress." Congress recognized that
accurate information on the conditions and changes in
the aquifer 1is necessary to make sound management
decisions concerning the use of water, to predict
future economic conditions, and to conduct hydrologic
research pertaining to the High Plains.

The High Plains aquifer (formerly called the
Ogallala aquifer) underlies one of the major agricul-
tural areas in the United States (fig. 1). About
20 percent of the irrigated land in the United States
is in the High Plains, and about 30 percent of the
ground water used for irrigation in the United States
is pumped from the High Plains aquifer (Weeks and
others, 1988).

Many studies of parts of the aquifer have been
compieted by irrigation districts, 1local agencies,
State agencies, the U.S. Geological Survey, and other

Federal agencies. A major study that examined the
physical features of the entire aquifer recently has
been compieted by the U.S. Geological Survey. The High
Plains Regional Aquifer-Systems Analysis (High Plains
RASA) described the geology and hydrology of the
aquifer|in detail (Gutentag and others, 1984; Weeks and
others, 1988). Computer models for each of three
subdivisions of the High Plains (fig. 1) were developed
during (the study to simulate the effects of several
proposed water-management practices on the aquifer.
The anallyses made as part of the High Plains RASA were
based op data collected before 1981. Beginning in 1988,
water-level data were again systematically collected
and comPi]ed in an aquifer-wide data base (Kastner and
others,! 1989). The U.S. Geological Survey and State
and Tocal agencies compiled water-level data collected
since IPBO at more than 12,000 locations.

This report, the second in a series, was prepared
to fulfill requirements of Section 306, Title III of
Public |Law 98-242 as amended. It describes the High
Plains aquifer, the factors that affect water levels in
the aquifer, the history of development of the aquifer,
water-1evel changes from predevelopment through the
nonirrigation season (generally October through March)
of 1979-80 (herein referred to as predevelopment to
1980), water-level changes between the nonirrigation
season ,of 1979-80 and nonirrigation season of 1988-89
(herein referred to as 1980 to 1989), precipitation
patterns from 1981 through 1988, and water-level
changes between the nonirrigation seasons of 1987-88
and 1988-89 (herein referred to as 1988 to 1989), and
precipitation patterns for 1988. The changes shown on
the subsequent maps are suppliemented by hydrographs of
Tong-term water Tevels in selected wells.










Table 1.--Characteristics of the High Plains aquifer

[Source: Gutentag and others, 1984]

Area of High Plains aquifer
Units of
measurement

Characteristic Total

South
Dakota

New Ok1la-

. Texa
Mexico homa exas

Wyoming Nebraska Colorado Kansas

Area covered by Square miles 174,050 4,750 8,000 63,650 14,900 30,500 9,450 7,350 35,450
aquifer.

Percentage of total Percent 100 2.7 4.6 36.6 8.6 17.5 5.4 4.2 20.4
aquifer area.

Percentage of each Percent -- 7 8 83 14 38 8 11 13
State covered.

Drainable water in Mitlion 3,250 60 70 2,130 120 320 50 110 390
storage. acre-feet

Table 2.--Geologic units comprising the High Plains aquifer

[Sources: Emry and others, 1987; Swinehart, 1989; Tedford and others, 1987]

Location where the unit is a significant part

Geologic unit Age and time . of the High Plains aquifer
comprising before present, Composition
the aquifer in million years South  Wyo- Ne- Colo- Kan-  New Okla- Texas
Dakota ming braska rado sas Mexico homa
Valley-fill and Quaternary Clay, silt, sand, X X
aluvial deposits (Holocene and and gravel,
Pleistocene); unconsolidated.
1.8 to present.
Dune sand Quaternary Sand, very fine- X X
(Holocene); to medium-grained,
0.008 to 0.0015. windblown.
Ogallala Tertiary Clay, silt, sand, X X X X X X X X
Formation (Miocene); and gravel gener-
19 to 5. ally unconsolidated

where cemented by
calcium carbonate,
forms mortar beds.

Arikaree Group Tertiary Sandstone, very X X X
(Miocene and fine- to fine-
Oligocene); grained, with beds
29 to 19. of volcanic ash,
silty sand, and
sandy clay.
Brule Formation Tertiary Siltstone, massive, X X X
(0Yigocene); with beds of sand-
31 to 29. stone, volcanic ash,
and clay.




FACTORS AFFECTING WATER-LEVEL
CHANGE--RECHARGE BY PRECIPITATION
AND SURFACE WATER

Recharge to the High Plains Aquifer Is Affected by
Climatic Conditions, Land Use, Vegetative Cover,
and Soil Characteristics.

Water-level changes 1in an aquifer reflect the
difference between recharge to and discharge from the
aquifer. Almost all recharge to the High Plains
aquifer originates naturally as infiltration of local
precipitation. In a few isolated areas of the High
Plains, however, recharge and rising water-table con-
ditions have resulted from downward seepage of surface-
water irrigation or water diverted for hydroelectric
power generation.

Ground-water recharge 1is a complex, dynamic
process, and is dependent on the interaction of several
variables. A simplified explanation for the recharge
process 1is that recharge occurs when the amount of

water infiltrating the soil exceeds the soil's avail-
able water capacity, and the excess water percolates
beyond the root zone. In addition to the amount and
seasonal patterns of precipitation, natural recharge is
determined by variables that affect water consumption
or loss from the soil. These include evapotranspira-
tion, vegetation, land use, and soil characteristics.

The estimated average annual recharge rate in the
High Plains ranges from about 0.025 inch to about
6 inches (Weeks and others, 1988). These values com-
pare favorably with simulated potential recharge rates
for the 1951-80 period reported by Jack T. Dugan and
Ronald B. Zelt of the U.S. Geological Survey (written
commun., 1990) of 1less than 0.10 inch in the drier
parts of the western High Plains to more than 6 inches
in northeast Nebraska and central Kansas where soils
are sandy. These recharge amounts represent from less
than 0.5 percent to approximately 20 percent of the
average annual precipitation (Jack T. Dugan and Ronald
B. Zelt, U.S. Geological Survey, written commun.,
1990).
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The recharge at any given location in the High
Ptains, however, may vary considerably from one year to
the next, principally because of variations in precipi-
tation. In many years, recharge may be negligible in
those areas where average annual precipitation is low
(Jack T. Dugan and Ronald B. Zelt, U.S. Geological
Survey, written commun., 1990). Most of the long-term
average recharge in these areas may actually take place
following a few short wet periods. This process is
often cyclical 1in the High Plains, with two or more
consecutive years in which conditions are suitable for
recharge, followed by several years when these condi-
tions are not present, and recharge is negligible.

Average annual precipitation ranges from less than
14 inches along the western boundary of the High Plains
to about 30 inches 1in eastern Nebraska and central
Kansas (fig. 2). About 75 percent of the precipitation
usually occurs during the growing season, from April to
September. Precipitation during this season occurs
mainly as local thunderstorms; therefore, irrigation
requirements and recharge in a given time period may be
quite variable.

The amount of water within the soil that becomes
available for recharge is dependent on evapotranspira-
tion. Potential evapotranspiration (fig. 2) 1is the
theoretical measure of the climatic or atmospheric
energy available for the removal of water from the soil
either directly as evaporation or as transpiration from
vegetation. Potential evapotranspiration represents
the maximum water consumption that would occur from a
field with complete vegetative cover, provided that an

adequate supply of soil water were available at all
times to meet the vegetation's demands. Potential
evapotranspiration is dependent on various climatic or
atmospheric elements, which include: solar radiation,
temperature, humidity, and wind velocity. The increase
in potential evapotranspiration from northeast to
southwest across the High Plains is a consequence of
(1) an increase in solar radiation, (2) an increase in
temperature, (3) a decrease 1in humidity, and (4) an
increase in wind velocity. The actual evapotranspira-
tion or the amount of soil water actually consumed is
further dependent on the type of vegetation, length of
growing season, and the availability of soil water.

Perhaps of greatest significance to the occurrence
of recharge is the seasonal relation between precipita-
tion and evapotranspiration. In the High Plains, actual
recharge is most likely to occur during short periods
in the non-growing or dormant season when evapotran-
spiration demand upon the soil water is minimal and
precipitation is allowed to accumulate in the root zone
and percolate downward. This accumulative process
during the dormant season may extend over a period of
time, with late autumn precipitation remaining in the
s0il column during winter and percolating downward only
after spring precipitation and winter snowmelt cause
the soil's available water capacity to be exceeded.
Thus, antecedent soil-water conditions, winter snow,
and early spring precipitation prior to the onset of
the growing season and the seasonal increase in evapo-
transpiration are critical to recharge during the
dormant season.



The hydrologic characteristics of the soils can
have a significant effect on recharge and resultant
water-level change. Areas with sandy soil tend to have
much higher potential recharge. Under equivalent
vegetation or crops and climatic conditions, recharge
rates can be several times higher on sandy soils than
on silty clay-loam soils, as a result of sandy soils'
Tower available water capacities and higher permeabili-
ties (Jack T. Dugan and Ronald B. Zelt, U.S. Geological
Survey, written commun., 1990). Slope affects recharge
by affecting the rate at which precipitation infil-
trates and becomes soil water. Soils with silty clay-
Toam textures on steep slopes, common in parts of the
High Plains, are characterized by high overiland runoff
and low infiltration during moderate to high-intensity
rainfall. A more complete discussion and generalized
map of the hydrologic characteristics of the soils and
their relative effects on recharge in the High Plains
is found in Dugan and others {(1990).

Recharge also is affected by vegetation type and
land use. Each vegetation or crop type has its own
consumptive water requirement, which affects the soil
water available for recharge and the irrigation needs.
Therefore, variability in land use or crop types across
the High Plains significantly affects patterns of
water-level change.

Various government programs to remove cropland
from production, including the Conservation Reserve
Program, which was implemented in 1986 as part of the
Food Security Act of 1985, have caused widespread,
long-term changes in 1land-use patterns in the High
Plains. Under the Conservation Reserve Program,
cropland is returned to grassland or forest land for a
minimum of 10 years. While the conversion of cropland
to gragsland in the High Plains may result in a
decreasg in recharge because of the 1larger water
requirement for grasses (Luckey and others, 1980), the
subsequent effects on water 1levels probably will be
more than offset by decreases in ground-water with-
drawals ' for irrigation as a result of these land-use
changes.

Short-term or alternating land-use practices also
affect |recharge. The Tlack of vegetative cover on
clean-tilled fallow or idle land results in minimal
evapotranspiration losses. Some areas of documented
water-level rises in the central and southern High
Plains |are related to the increased recharge as a
result |of these various land-use practices. Other
tillage practices on dryland crops designed to prevent
soil-water 1loss through capillary action and direct
evaporation from soil may also enhance recharge.





























































