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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
acre 0.4047 hectare
acre-foot 1,233 cubic meter
acre-foot per acre 0.3048 cubic meter per square meter
foot 0.3048 meter
gallon per minute 0.06309 liter per second
inch 25.4 millimeter
mile 1.609 kilometer
million gallons per day 0.003785 million cubic meters per day
square mile 2.590 square kilometer

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by the

equations:

°C=5/9 (°F - 32)
°F = 9/5 (°C) + 32.

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of

1929—a geodetic datum derived from a general adjustment of the first-order level nets of the

United States and Canada, formerly called Sea Level Datum of 1929.
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Water-Level Changes in the High Plains Aquifer—

Predevelopment to 1993

By Jack T. Dugan and Dale A. Cox
Abstract

Regional variability in water-level changes
in the High Plains aquifer underlying parts of
Colorado, Kansas, Nebraska, New Mexico,
Oklahoma, South Dakota, Texas, and
Wyoming results from large regional differ-
ences in climate, soils, land use, and ground-
water withdrawals for irrigation. From the
beginning of significant development of the
High Plains aquifer for irrigation (1940) to
1980, substantial water-level declines have
occurred in several areas. The estimated aver-
age area-weighted water-level decline from
predevelopment to 1980 for the High Plains
was 9.9 feet, which is an average decline of
about 0.25 foot per year. Declines exceeded
100 feet in some parts of the Central and
Southern High Plains. Declines were much
smaller and less extensive in the Northern
High Plains, largely as a result of later irriga-
tion development.

Since 1980, water levels in those areas of
large declines in the Central and Southern
High Plains have continued to decline, but ata
slower annual rate. The estimated average
area-weighted water-level decline from 1980
to 1993 for the entire High Plains was
2.09 feet, which is an average annual decline
of about 0.16 foot. The slower rate of decline
since 1980, in relation to the rates prior to
1980, is associated partly with above-normal
precipitation and a decrease in the average
ground-water application rates for irrigated
agriculture. Water-conserving practices and
technology, in addition to reductions in irri-
gated acreages in areas of large consumptive
irrigation requirements, contributed to the
decrease in ground-water withdrawals for
irrigation. Water-level declines exceeding

20 feet since 1980, however, were widespread
in parts of southeastern Colorado, south-
western Kansas, east-central New Mexico, and
the Oklahoma and Texas Panhandles. Wide-
spread declines of 10 to 20 feet and exceeding
20 feet in smaller areas occurred in north-
eastern Colorado, northwestern Kansas,
southwestern Nebraska, and the Nebraska
Panhandle from 1980 to 1993. Water-level
rises exceeding 20 feet occurred in the extreme
Southern High Plains in Texas where precipi-
tation was much greater than normal during
1981-92. Widespread water-level rises of 10 to
20 feet occurred in southeastern and south-
central Nebraska during the same period in
association with above-normal precipitation.

The average area-weighted water level in
the High Plains rose 0.21 foot from 1992 to
1993 in apparent association with average
area-weighted precipitation that was
2.80 inches above normal in 1992. Water-level
rises of 3 or more feet from 1992 to 1993 were
widespread in eastern and southern Nebraska,
northwestern and south-central Kansas, and
the southern two-thirds of the Southern High
Plains of Texas. All of these areas of rise
coincide with areas of well-above normal
precipitation in 1992. The large rises in some
of these areas, particularly in the Southern
High Plains of Texas, may be partly the result
of delayed recharge from above-normal
precipitation in 1991 in association with the
well-above normal precipitation in 1992.

Water levels continued to decline from
1992 to 1993 in northeastern Colorado, south-
western Nebraska, southwestern Kansas, the
central Panhandle of Oklahoma, the northern
Panhandle of Texas, and the northern part of
the Southern High Plains. The size of the area
and magnitude of these declines, however,
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appear to be considerably smaller than in
previous years.

INTRODUCTION

The Omnibus Water Resources Development
Act of 1986 (Public Law 99-662) amended the
Water Resources Research Act of 1984 (Public
Law 98-242). The amendment added a Title III to
the legislation, which states in Section 306 that the
U.S. Geological Survey (USGS) in cooperation
“. .. with the States of the High Plains region is
authorized and directed to monitor the water levels
of the Ogallala [High Plains] aquifer, and report
annually to Congress.” Congress recognized that
accurate information on the conditions and changes
in the High Plains aquifer is necessary to make
sound management decisions concerning the use of
water, to project 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 agri-
cultural 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
completed by irrigation districts, local agencies,
State agencies, the USGS, and other Federal
agencies. A major study that examined the physi-
cal features of the entire aquifer was completed by
the USGS. The High Plains Regional Aquifer-
System 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 regional
subdivisions of the High Plains (fig. 1) were
developed during that study to simulate the effects
on the aquifer of several proposed water-
management practices. The analyses made as part
of the High Plains RASA were based on data
collected before 1981. Beginning in 1988, water-
level data again were systematically collected and
compiled in an aquifer-wide data base (Kastner and
others, 1989). The USGS and State and local

agencies have compiled water-level data collected
since 1980 at more than 12,000 locations.

This report, the sixth 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 aquifer develop-
ment, water-level 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 the nonirrigation season of 1992-93 (herein
referred to as 1980 to 1993), precipitation patterns
from 1981 through 1992 (herein referred to as
1981-92), water-level changes between the non-
irrigation seasons of 1991-92 and 1992-93 (herein
referred to as 1992 to 1993), and precipitation
patterns for 1992. The changes are shown on maps
and are identified in long-term hydrographs of
water levels in selected observation wells.

The preparation of this report was made pos-
sible through the efforts of many individuals from
local, State, and Federal agencies who have inven-
toried the well sites, measured the water levels, and
processed the data for more than 12,000 locations
on an ongoing basis. In addition, the ground-
water-data personnel of the USGS in each of the
High Plains States have collected and computer-
ized these data from the numerous, diverse sources
and analyzed the results for their States. The
following USGS personnel serve as the High
Plains ground-water data base administrators for
their respective States: Colorado, E.R. Banta;
Kansas, C.V. Hansen and B.J. Dague; Nebraska,
G.V. Steele; New Mexico, R.R. Cruz; Oklahoma,
J.E. May; South Dakota, K.M. Neitzert; Texas,
S.C. Gandara and Janie Hopkins (Texas Water
Development Board); and Wyoming, K.A. Miller.
High Plains aquifer water-use data were supplied
by the following USGS personnel: R.G. Dash,
Colorado; L.A. Garrabrant, New Mexico; Z.D.
Hill, Nebraska; and H.A. Perlman, Georgia.

EXTENT AND DESCRIPTION OF THE
HIGH PLAINS AQUIFER

The High Plains aquifer is an extensive volume
of saturated, generally unconsolidated, deposits
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Table 7. Average annual area-weighted precipitation during 1981-92 and departure from 30-year normal
(1951-80)

[data from U.S. Department of Commerce, National Climatic Data Center, Asheville, North Carolina]

Area-weighted average annual

precipitation

Area-weighted average departure

State (inches) (inches)
Colorado 17.46 +1.44
Kansas 21.85 +1.23
Nebraska 22.28 +1.44
New Mexico 18.35 +3.50
Oklahoma 21.10 +2.59
South Dakota 19.66 +1.27
Texas 20.72 +2.86
Wyoming 15.35 +1.52
High Plains 20.83 +1.81

average water level declined at an increasing rate
until 1993 as shown in table 6.

Two factors, precipitation and government
agricultural policies, appear to have contributed to
rises in some areas and slower rates of decline in
most other areas in the early and mid-1980’s.
Annual precipitation in the High Plains during |
1981-87 averaged 2.94 inches above normal
(Kastner and others, 1989). Throughout much of
the eastern half of the High Plains in Nebraska and
the southern part of the Southern High Plains,
where there were substantial areas of water-level
rise from 1980 to 1988, precipitation averaged
more than 6 inches above normal during 1981-87
(Kastner and others, 1989). The early 1980’s saw
the initiation of short-term Federal Government
agricultural programs, including Payment in Kind
(PIK), that encouraged the setting aside of large
acreages of irrigated cropland to decrease crop
reserves and to increase commodity prices
(Kastner and others, 1989).

The two factors associated with the slower
annual rate of water-level decline from 1980 to
1987 generally were not present after 1988 when
the annual rate of water-level decline steadily
increased until 1993: (1) Precipitation returned to
near normal during 1988-91 (+0.02 inch) (Dugan
and others, 1994). (2) Large acreages of irrigated

cropland set aside as a result of short-term govern-
ment programs in the early 1980’s returned to
production after the mid-1980’s. The 1988 to 1992
trend, however, was reversed during 1992 to 1993
when the average annual rate of decline since 1980
decreased from 0.19 to 0.16 foot as a result of a rise
in the average water level in 1992 to 1993.

Water-level changes in the High Plains from
1980 to 1993 exhibit large regional differences
(fig. 11). These regional differences result from
both short- and long-term regional variability of
the following factors that affect water-level
change: (1) Precipitation in most parts of the High
Plains was above normal during 1981-92 (table 7,
fig. 12), but a few areas were near to slightly below
normal (fig. 12). (2) Long-term regional
differences in recharge (fig. 3) and consumptive
irrigation requirements (fig. 5) result in large
regional differences in net withdrawals from the
aquifer (fig. 6). (3) Considerable regional and local
differences exist in the intensity of irrigation
development and ground-water withdrawal rates
(fig. 4). (4) Regional and local differences in the
hydrogeology of the High Plains aquifer result in
differences in the aquifer’s hydraulic character-
istics and the response to ground-water develop-
ment (Gutentag and others, 1984).
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Northern High Plains

Water-level declines exceeding 5 feet from
1980 to 1993 occurred in relatively small part of
the Northern High Plains (fig. 11). The largest area
in the Northern High Plains with declines
exceeding 5 feet was a nearly continuous area
including parts of southwestern Nebraska,
northeastern Colorado, and northwestern Kansas.
Substantial irrigation development began in this
area in the early to mid-1960’s, and by 1980 water
levels had declined between 10 and 50 feet
throughout much of the area (fig. 7). From local
predevelopment in this area (about 1965) to 1980,
the average rate of water-level decline was about
2 feet per year (Luckey and others, 1981). From
1980 to 1993, the average rate of water-level
decline decreased to about 1 foot per year. Only in
a few locations in this area, those where water-
level declines exceeded 20 feet from 1980 to 1993
(fig. 11), has the average rate of decline exceeded
1.5 feet since 1980.

The potential for water-level declines in
southwestern Nebraska, northeastern Colorado,
and northwestern Kansas is relatively great
because of the intensive irrigation development
indicated by the ground-water withdrawal rates
(fig. 4), small recharge rates (fig. 3), and large
consumptive irrigation requirements (fig. 5).
Regulations that limit new well construction and
ground-water withdrawals were imposed in the late
1970’s in Chase, Dundy, and Perkins Counties,
Nebraska, and the parts of the Northern High
Plains in Colorado and Kansas. These regulations
may have contributed to slower rates of decline
from 1980 to 1993 as compared to 1965-80.
Precipitation during 1981-92 also was generally
above normal throughout most of this area
(fig. 12).

Another area of large water-level declines in
the Northern High Plains from 1980 to 1993 is in
Box Butte and northern Morrill Counties in the
Panhandle of Nebraska. Irrigation development
began in this area in the early 1950’s and was
followed by declines averaging about 30 feet by
1980 in parts of Box Butte County (fig. 7) or about
1 foot per year. From 1980 to 1993 declines
averaging nearly 20 feet or about 1.5 feet per year

occurred in an even larger area than prior to 1980.
This is an area of small recharge rates (fig. 3), large
consumptive irrigation requirements (fig. 5), and
large ground-water withdrawals (fig. 4). Precipita-
tion was below normal in this area during 1981-92,
averaging less than 14 inches annually at one
location (fig. 12).

Water levels rose in several parts of the
Northern High Plains from 1980 to 1993, generally
in areas of above-normal precipitation during
1981-92. Discontinuous areas with rises of 5 to 10
feet were common throughout the eastern High
Plains of Nebraska, generally in areas where
precipitation ranged from 2 to 6 inches above
normal. In continuous areas of Hamilton, York,
and Polk Counties in southeastern Nebraska, water
levels rose 10 to 20 feet from 1980 to 1993
(fig. 11). Precipitation in this area was 4 to
6 inches above normal during 1981-92.

Another area of water-level rises in Nebraska
from 1980 to 1993 was in Gosper, Phelps, and
Kearney Counties in south-central Nebraska.
These rises, 10 to 20 feet in some locations,
resulted from seepage losses from surface-water
irrigation. Since local predevelopment (1941),
water-level rises exceeded 50 feet throughout large
parts of this area and more than 100 feet in some
locations of Gosper and Phelps Counties (Steele
and Wigley, 1994). This has caused substantial
areas of cropland to become saturated and lost
from production. Water-level rises, however, have
been reduced or reversed in this area since the late
1980’s, threugh remedial pumping in high water-
table areas and by lining canals to reduce seepage
losses (McGrath and Dugan, 1993; Dugan and
others, 1994). '

Widely scattered areas of water-level rise also
occurred in Wyoming, extreme northeastern
Colorado, and the southern Nebraska Panhandle
from 1980 to 1993. These rises generally were in
areas where precipitation was above normal during
1981-92 (fig. 12). The isolated areas of rise, as
much as 10 to 20 feet, in extreme south-central
Nebraska and north-central Kansas cannot be
readily explained. Precipitation in this area ranged
from slightly above to below normal in 198 1-92.
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Central High Plains

Water-level declines exceeding 5 feet from
1980 to 1993 occurred throughout a large part of
the Central High Plains (fig. 11). These declines
exceeded 20 feet in a large, nearly continuous, area
of southwestern Kansas and southeastern
Colorado, and in discontinuous areas of the central
Panhandle of Oklahoma and the northern Pan-
handle of Texas. Water levels declined as much as
50 to 100 feet in parts of this area from local
predevelopment (1950) to 1980, and the declines
exceeded 100 feet in some small areas of south-
western Kansas and the Oklahoma Panhandle
(fig. 7). The average annual rate of decline in this
area was about 2.5 feet from predevelopment to
1980 and about 2 feet per year from 1980 to 1993.

The area of declines exceeding 20 feet in the
Central High Plains, however, is considerably
larger than the area of decline exceeding 50 feet
from predevelopment to 1980. Water-level
declines exceeding 20 feet from 1980 to 1993
occurred in an area of about 2 million acres in
southwestern Kansas and southeastern Colorado
(fig. 11). This compares to an area of about
750,000 acres with declines exceeding 50 feet prior
to 1980 (fig. 7). The total area of declines exceed-
ing 20 feet from 1980 to 1993 in the northern
Panhandle of Texas and the Oklahoma Panhandle
is about the same size as the area of declines
exceeding 50 feet prior to 1980, about 1.25 million
acres. Irrigation development of suitable areas
continued in parts of southwestern Kansas until
about 1983 (Kastner and others, 1989), which
could account for the enlarged area of declines
from 1980 to 1993.

Average annual precipitation during 1981-92
(fig. 12), which was generally above normal
throughout the Central High Plains, does not
provide an explanation for the large water-level
declines in this area from 1980 to 1993 (fig. 11).
This area, however, has among the largest long-
term net withdrawal rates in the High Plains (fig. 6)
as a result of small potential recharge rates (fig. 3)
and large consumptive irrigation requirements (fig.
5). In addition, the intensive development of irrig-
ated agriculture in much of the Central High Plains
has contributed to large comparative rates of
ground-water withdrawals in much of the
subregion (fig. 4).

Other areas in the Central High Plains with
declines exceeding 5 feet since 1980 are parts of
southeastern Colorado, south-central Kansas, and
the central Panhandle of Texas. From predevelop-
ment to 1980, substantial water-level changes did
not occur in either southeastern Colorado or south-
central Kansas (fig. 7). Water-levels declined as
much as 50 to 100 feet, however, in the central
Panhandle of Texas prior to 1980, and additional
declines from 1980 to 1993 total more than 20 feet.
Some of the areas of decline in south-central
Kansas appear to be associated with areas of
slightly below-normal precipitation during
1981-92. Precipitation, however, was generally 2
to 4 inches above normal in southeastern Colorado
and 2 to 6 inches above normal in the central
Panhandle of Texas (fig. 12).

Water-level rises of more than 5 feet in the
Central High Plains occurred only in localized
areas, generally in the northwestern Panhandle of
Texas and western Oklahoma where ground-water
withdrawal rates are generally small (fig. 4).
Average annual precipitation during 1981-92 was
2 to 4 inches above normal throughout much of this
area.

Southern High Plains

The Southern High Plains exhibited
contrasting patterns of water-level change from
1980 to 1993. These changes represent trends
established during predevelopment to 1980. In the
northern part of the Southern High Plains, where
water levels in some areas declined more than
100 feet prior to 1980 (fig. 7), additional declines
exceeding 20 feet occurred from 1980 to 1993 in a
nearly continuous area (about 1.5 million acres)
extending from Curry and Roosevelt Counties,
New Mexico, to Floyd County, Texas (fig. 11).

From predevelopment (1940) to 1980, the
average annual rate of decline in the northern part
of the Southern High Plains exceeded 2.5 feet.
From 1980 to 1993, the average annual rate of de-
cline decreased to about 2 feet. Improved
irrigation-management practices, decreases in
irrigated acres, and annual precipitation averaging
as much as 4 to 6 inches above normal during
1981-91 probably account for this slower rate of
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decline since 1980 (J.B. Ashworth, in Dugan and
Schild, 1992).

A smaller area of water-level declines exceed-
ing 10 feet from 1980 to 1993 in the Southern High
Plains is located in Gaines County, Texas, and Lea
County, New Mexico (see figure 1 for county
names). From predevelopment to 1980, declines
were between 10 and 50 feet in this area and since
1980 have been more than 20 feet in parts of this
area. Thus, the rate of decline from 1980 to 1993,
nearly 2 feet per year, exceeds the local
predevelopment (about 1950)—to-1980 rate of less
than 1 foot per year. Substantial irrigation
development occurred in this area after the mid-
1960’s and irrigated acreage densities exceeded 50
percent in much of this area by 1978 (Gutentag and
others, 1984). Hydraulic conductivity, the ability
of the aquifer to transmit water, is relatively low in
this area and may have contributed to the large
declines (Gutentag and others, 1984). Water-level
declines could have been larger from 1980 to 1993;
however, annual precipitation during 1981-92
averaged more than 6 inches above normal
(fig. 12).

Water levels rose over a large area of the
southern part of the Southern High Plains of Texas
from 1980 to 1993. Rises exceeded 20 feet in large
parts of Dawson, eastern Gaines, and central
Martin Counties, Texas, an average rise of about 2
feet per year. From predevelopment to 1980, water
levels rose more than 10 feet in only one small area
of Dawson and Lynn Counties, Texas. Much of the
remaining areas with substantial rises since 1980
previously had declines of 10 to 50 feet from pre-
development to 1980 (fig. 7).

The water-level rises in the southern part of the
Southern High Plains since 1980 appear to result
from multiple causes: (1) Average annual precipi-
tation in this area was generally 2 to 6 inches above
normal during 1981-92 (fig. 12). (2) Ground-
water withdrawals are generally small in this area
(fig. 4). (3) Acres irrigated have decreased since
1980. (4) Improved irrigation-management and
cultivation practices have been implemented. (5)
The potentiometric surface of an aquifer
underlying the High Plains aquifer has been rising
(J.B. Ashworth, in Dugan and Schild, 1992, p. 47).

Comparison of Regional Subdivisions

The large differences within the High Plains in
the historical development and intensity of irriga-
tion, potential recharge, and consumptive irrigation
requirements have contributed to large regional
differences in the status of the High Plains aquifer.
This status may be expressed as either absolute or
relative change in the saturated thickness of the
aquifer (table 8). Relative change is indicated as a
percentage of predevelopment saturated thickness.

The three states exclusively in the Northern
High Plains; Nebraska, South Dakota, and
Wyoming, where the area-weighted saturated
thickness averages about 315 feet, have had vir-
tually no change in average saturated thickness
since predevelopment. The initially large saturated
thickness, larger recharge rates (fig. 3), smaller
consumptive irrigation requirements (fig. 5), and
later development of ground-water irrigation have
contributed to less depletion of the High Plains
aquifer in the Northern High Plains than in the
other regional subdivisions of the High Plains.

North-central Nebraska, characterized by
large areas of wetlands and streams with remark-
ably steady discharges, is among the areas with the
most stable water levels in the Northern High
Plains. The stability of water levels in this area
results from large rates of recharge (fig. 3) and very
small rates of ground-water withdrawal (fig. 4).
Coincidentally, the largest saturated thickness in
the High Plains also occurs in north-central
Nebraska (400 to more than 1,000 feet, fig. 8).

The area-weighted average saturated thickness
in the High Plains of Colorado, Kansas, and
Oklahoma, which largely comprises the Central
Plains, was about 94 feet in 1993 or about 84
percent of the predevelopment saturated thick-
ness. Most of the decline in average saturated
thickness since predevelopment is concentrated in
southwestern Kansas and the Oklahoma Panhandle
(figs. 8 and 11).

In Texas and New Mexico, which are largely in
the Southern High Plains, the area-weighted
average saturated thickness was about 95 feet in
1993, or about 76 percent of the predevelopment
saturated thickness. The larger decrease in satur-
ated thickness in the Southern High Plains than in
other regions of the High Plains largely can be
attributed to earlier ground-water development for
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Table 8. Average area-weighted saturated thickness of the High Plains aquifer, predevelopment,
1980, and 1993

Average area-weighted saturated thickness

1980 as a 1993 as a
Predevelopment 1980 percentage of 1993 percentage of
State (feet) (feet) predevelopment (feet) predevelopment
Colorado 83.2 79.0 95 75.8 91
Kansas 1109 101.0 91 93.7 84
Nebraska 342.0 342.0 100 342.0 100
New Mexico 60.8 51.0 84 47.6 78
Oklahoma 141.3 130.0 92 129.6 92
South Dakota 207.6 207.0 100 206.1 99
Texas 143.7 110.0 77 108.0 75
Wyoming 182.0 182.0 100 182.6 100
High Plains 199.9 190.0 95 187.9 94

irrigation. Much of the decline in average satur-
ated thickness in the Southern High Plains, as in
the Central High Plains, results from large water-
level declines in a few large areas (figs. 7 and 11).

The statistics in table 8 have limited appli-
cation in projecting possible future conditions in
the High Plains aquifer. Vertical change in the
water storage capacity of the aquifer as the satur-
ated thickness changes and the variability of net
ground-water withdrawals make it impossible to
make reliable projections from the past rate of
change in saturated thickness alone.

WATER-LEVEL CHANGE AND
PRECIPITATION, 1992 TO 1993

Water-level change in the High Plains from
1992 to 1993 represents a reversal of the trend in
annual water-level change between 1988 and 1992
(table 9). The average water level declined
between 0.42 and 0.65 foot annually during 1988
to 1992, an average of (.56 foot annually for the
4-year period. The average water level, however,
rose 0.21 foot from 1992 to 1993. This reversal in
water-level change appears to be associated with
two consecutive years of well-above normal
precipitation. Annual precipitation in the High
Plains averaged 1.98 inches above normal in 1991
and 2.80 inches above normal in 1992. Although

water levels declined an average of 0.55 foot from
1991 to 1992 in association with the well-above
normal precipitation in 1991, an increase in
recharge from the 1991 precipitation may have
been delayed in some areas until the 1992 to 1993
water-level period.

Water-level rises were evident in all three
regional subdivisions of the High Plains (fig. 13)
from 1992 to 1993. Only in the western High
Plains States of Colorado, New Mexico, and
Wyoming did the average water level decline
(table 10). Major areas of nearly continuous
water-level declines since predevelopment, Box
Butte County, Nebraska (fig. 1), southwestern
Kansas, and the Panhandle of Texas, continued to
show declines during 1992 to 1993. The
magnitude and areal extent of the declines in these
areas, however, were generally smaller during
1992 to 1993 than in the immediately previous
years (Dugan and Schild, 1992; McGrath and
Dugan, 1993; Dugan and others, 1994).

Precipitation was well-above normal in nearly
all parts of the High Plains (fig. 14; table 11). Only
in the extreme northern and western parts of the
Northern High Plains and the southern half of the
Central High Plains was precipitation in 1992 at or
below normal throughout large areas. In the states
of the Iargest long-term water-level declines,
Kansas and Texas, precipitation in 1992 was 3.99
and 4.02 inches above normal, respectively
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Table 9. Average annual area-weighted water-level changes in the High Plains aquifer and departures of
annual area-weighted precipitation from normal from 1988 to 1993

[Precipitation data from U.S. Department of Commerce, National Climatic Data Center, Asheville, North Carolina]

Average annual
area-weighted

Water-level change water-level change Precipitation

Average
area-weighted
departure of
precipitation from

period (feet) year normal’ (inches) Data source
1988 to 1989 -0.65 1988 -0.17 Dugan and others, 1990
1989 to0 1990 -.63 1989 -2.01 Dugan and Schild, 1992
1990 to 1991 -.42 1990 +.27 McGrath and Dugan, 1993
1991 to 1992 -.55 1991 +1.98 Dugan and others, 1994
1992 to 1993 +.21 1992 +2.80 This report
Annual average -41 1988-92 +.57

1988 to 1993

'1951-80 area-weighted average annual (normal) precipitation = 19.01 inches.

(table 5), and average water levels in 1992 to 1993
rose 0.50 and 0.25 foot, respectively (table 10). In
Nebraska, where nearly half the irrigated acreage
of the High Plains is located, average precipitation
in 1992 was 2.61 inches above normal (table 11)
and the average water level in 1992 to 1993 rose
0.32 foot (table 10).

Northern High Plains

The overall pattern of water-level change in the
Northern High Plains from 1992 to 1993 (fig. 13)
appears to be closely associated with precipitation
in 1992 (fig. 14). Those areas with widespread,
nearly continuous, water-level rises generally
received precipitation that was more than 5 inches
above normal in 1992. Areas with stable to
declining water levels received near to below-
normal precipitation during 1992.

Water-level rises of at least 1 foot extended in a
wide, nearly continuous area from northeastern
Nebraska to northwestern Kansas (fig. 13). In
much of eastern Nebraska and some isolated
locations in the remainder of this area, these rises
exceeded 3 feet. Precipitation in those areas of rise
exceeding 3 feet in eastern Nebraska was generally
5 to 10 inches above normal in 1992 (fig. 14).In a
few local areas of eastern Nebraska, precipitation
was more than 10 inches above normal for the year.

In absolute amounts, 1992 precipitation in those
areas of the largest water-level rises in eastern
Nebraska ranged from about 28 inches to nearly 40
inches.

The large area of rises extending from Polk and
York Counties into Hamilton, Clay, and Nuckolls
Counties, Nebraska (see figure 1 for county
names), may be attributable in part to recharge
delayed from 1991 precipitation. Although water
levels generally declined in this area from 1991 to
1992, precipitation averaged 5 to 10 inches above
normal in 1991 (Dugan and others, 1994). More
than 20 inches of precipitation then occurred
during May through August throughout this area in
1992, minimizing the need for irrigation and
allowing water levels to rise as a result of recharge
from 1991 precipitation.

The water-level rises in northwestern Kansas,
particularly Thomas and Sheridan Counties (see
figure 1 for county names), reversed a relatively
continuous long-term trend of water-level declines
since local predevelopment (late 1950’s).
Precipitation in northwestern Kansas ranged from
20 to 30 inches in 1992, as much as 10 inches
above normal.

The discontinuous areas of 1- to 3-foot rises in
parts of south-central and southwestern Nebraska
(fig. 13) generally were associated with precipita-
tion ranging from 2 to 5 inches above normal.
Water levels also rose in local areas in the southern
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large rises from 1992 to 1993 through delayed
recharge (Dugan and others, 1994).

Water-level declines continued in a small area
of western Gaines County, Texas, and southeastern
Lea County, New Mexico, even though precipi-
tation was more than 10 inches above normal in
1992. These declines, generally 1 to 3 feet, were
much smaller in 1992 to 1993 than in 1991 to 1992
when declines exceeding 5.feet were widespread in
the area.

HYDROGRAPHS OF REPRESENTATIVE
OBSERVATION WELLS

The hydrographs in this report (figs. 15-22)
illustrate water-level changes through time in
selected observation wells in the High Plains
(fig. 1). These wells generally are located in areas
of substantial ground-water development and
water- level change. Criteria for specific
observation-well selection include: (1) wells that
represent water-table conditions, (2) observation
wells that best represent local patterns of
water-level change from predevelopment to 1993,
and (3) observation wells at which multiple

water-level measurements are made each year.
Many of these wells are equipped with continuous
water-level recorders, but only observations at
selected time intervals are used to construct the
hydrographs.

The hydrographs include the following
information pertaining to each well: (1) well depth,
(2) land-surface elevation of the well site, and (3) a
well number that uniquely identifies the well in the
USGS National Water Information System com-
puter files. All hydrographs use the same vertical-
and horizontal-scale intervals (5 feet and 1 year,
respectively) to facilitate comparisons among
hydrographs.

The varying responses of the different obser-
vation wells generally represent the effects of local
patterns of ground-water development on water
levels in a given area. The hydrographs of some
observation wells, however, may indicate certain
characteristics of the observation well itself or
localized properties of the aquifer that are not typi-
cal of the area. In addition, the hydrograph trace of
those wells with continuous recorders is generally
more irregular than wells without continuous
recorders because of the more numerous
observations.
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Colorado
(from E.R. Banta, in Dugan and Schild,
1992, p. 31-32)

The hydrograph of an observation well in
Yuma County (fig. 15A) is representative of the
large water-level declines that have occurred in an
area of substantial irrigation development in
northeast Colorado since the mid-1960’s. Water-
level declines began in this well in the mid-1960’s
and have been continuous except for brief
recoveries in the mid-1980’s and from 1992 to
1993. The water-level declined from 1964 to 1992
about 43 feet. From 1968 to 1980, the rate of
water-level decline was about 2 feet per year.
Between 1980 and 1993, the average rate of
decline decreased to about 1.4 feet per year. This
decrease in the rate of decline likely is a result of a
decrease in the rate of withdrawals for irrigation.
Annual precipitation during 1981-92 averaged
about 1 inch below normal in the area (fig. 12).
The water level in this well, however, declined
nearly 10 feet from 1991 to 1992, which may
indicate pumping of a nearby well during the
observation period in 1992. The rise from 1992 to
1993 may reflect, in part, recovery from pumping
during the 1992 observation period. Precipitation
in 1992 was about 1 inch above normal in the area
(fig. 14).

The hydrograph of the well in Washington
County (fig. 15B) indicates that long-term water-
level changes were small in this area of the High
Plains; water levels declined only about 3 feet from
1958 to 1993. The annual variability reflects
yearly differences in precipitation and pumpage.
The observation well is located in an area where
saturated thickness is less than 50 feet, well yields
are small (less than 500 gallons per minute), and
irrigation development is limited. The fluctuations
in the hydrograph indicate that irrigation may be
intermittent in this area. The slight rise in water
levels in this well from 1980 to 1993 was asso-
ciated with slightly above-normal precipitation
during 1981-92 in this area (fig. 12).

The hydrograph of the well in Kit Carson
County (fig. 15C) is typical for wells used for
winter irrigation of wheat, a practice common
throughout much of the western High Plains. The
downward spikes are indicative of pumpage just
prior to late-December or January measurements.
From 1970 to 1993, the water level in this well has
declined about 12 feet or approximately 0.5 foot
per year. The rate of decline, however, increased to
a relatively steady rate of about 1 foot per year
from 1988 to 1993. Precipitation was slightly
above normal during 1981-92.

42 Water-Level Changes in the High Plains Aquifer—Predevelopment to 1993



DEPTH TO WATER, IN FEET BELOW LAND SURFACE

80

L rrrrrrrrir I rTrrrrrrrT ‘ TrIrrrrrrT 11 Trrrrrrrr I LU S I B I I B I TTrrrrrrrr l T 1T 1T 1T T T rrr ]

T A ]

100 7

120 - -

140 [ R

i Well number: 400450102381000 Depth 314 feet ]

160 |- Yuma County, Colorado Elevation 4,056 feet

1 80 i | N N T Y T Y I | 1 | T T U I I § U T N T Y Y I I | N T T I I JJ_J;I | Y Y ] | T T I T O ¥ J_’ I T T ' ]

0 —T T T TrrrrrrT I’ rrrrvyrorrrrt I TTrrryrrrrT I rrrr1ir 11T I rTrr7r 7 1TT I TT 1T rrrrurrT I Trrrrrrrrr1 ]

2 i

40 - ]

60 |- 4

L Well number: 393832102574500 Depth 50 feet ]

80 N Washington County, Colorado Elevation 4,554 feet ]

1 00 L | N TN RN O T T I I | ] B W Y O U T I I i I S U T T I | T T TS O S T | LL S T N l | T T T T W I | I S O T T I I ]
80 _IlllTT‘l1IIIIIIIT|IIIII|IYIIllTIlVll‘l‘rrlIllllIIlll]lllllllll‘ll!llllll

r  C. ]

100 L Well number: 390432102061200 Depth 200 feet ]

r Kit Carson County, Colorado Elevation 4,075 feet -

120 [ .

140 - 7

160 M _

180 I I AU NS AU O SNAN AT BN S AT I AN ST AR AN U AT S S S A U AN A B SN AN AN A NS AU A A A S S TN A S SN T A AT ST AT SN S AT SN AT AT A SN 1-

1930 1940 1950 1960 1970 1980 1990 2000

Figure 15. Water levels in observation wells in: A, Yuma County; B, Washington County;
C, Kit Carson County, Colorado.
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Kansas
(from L.J. Combs and B.J. Pabst, in Dugan
and Schild, 1992, p. 34-36)

The hydrograph of the well in Thomas County
(fig. 16A) shows a nearly continual water-level
decline in association with the increase in irrigation
in the county following the drought of 1953-57.
Total declines from about 1955 to 1993 were about
17 feet or slightly more than 0.4 foot per year. The
water level was generally stable from about 1981
to the mid-1980’s in response to above-normal
precipitation and a decline in the rate of irrigation
development. From 1987 to 1992, the water levels
again declined at a slightly more rapid rate as a
result of increased irrigation withdrawals during a
period of below-normal precipitation. The water
level remained relatively constant from 1992 to
1993 in association with precipitation that was 5 to
10 inches above normal in 1992 (fig. 14).

The hydrograph of the well in Finney County
(fig. 16B) is indicative of the overall decline in
water levels since the early 1950’s in this area of
extensive irrigation development. Following World

War II and the introduction of large-capacity
turbine pumps, irrigation developed rapidly in this
part of southwestern Kansas until the mid-1970’s.
From the early 1950’s until the early 1980’s, the
water levels in this well declined more than 40 feet,
an average decline of nearly 1.5 feet per year. From
1980 to 1993, however, slightly above-normal
precipitation, decreases in irrigated acreages, and
declines in pumpage rates have resulted in addi-
tional water-level declines of only about 12 feet in
this well or about 0.9 foot per year.

The well located in Sedgwick County
(fig. 16C) is completed in the unconsolidated
Equus beds, which constitutes the eastern
extension of the High Plains aquifer in south-
central Kansas and is used extensively for public-
water supplies in this area. Rapid rates of
long-term natural recharge (fig. 3) in this area
contribute to the generally stable long-term water
levels in this well. Water levels rose about 2 feet
from 1992 to 1993 in association with precipitation
that was about 8 inches above normal in this area in
1992.
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Figure 16. Water levels in observation wells in: A, Thomas County; B, Finney County; C, Sedgwick County, Kansas.
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Nebraska
(from J.T. Dugan, in Dugan and Schild,
1992, p. 38-40)

The hydrograph of the well in Box Butte
County (fig. 17A) represents the long-term water-
level declines that have occurred in this area since
the early 1950’s. Water-level declines were nearly
48 feet from 1951 to 1993 or about 1.1 feet per
year in this well, which is located in an area of
intensive irrigation development. Limited recharge
(fig. 3) and large consumptive irrigation require-
ments (fig. 5) as a result of small average annual
precipitation (16 inches) in the area have contri-
buted to these long-term declines. Water levels
declined about 3 feet from 1992 to 1993 in asso-
ciation with precipitation that was more than
5 inches below normal in 1992 (fig. 14).

The hydrograph of a well in Chase County
(fig. 17B) represents the decline in water levels
soon after substantial irrigation development began
in southwestern Nebraska in the mid-1960’s. Water
levels declined about 38 feet from 1964 to 1993 or
about 1.3 feet per year. Water levels rose slightly
from 1980 to 1984 during a period of increased
recharge and smaller consumptive irrigation
requirements associated with much above-normal
precipitation. Strict controls on annual irrigation-
withdrawal rates and on the development of addi-
tional irrigated land were implemented in south-
western Nebraska in the late 1970°s and apparently
have contributed to slower rates of water-level
decline since the early 1980°s. Water levels did not

change significantly from 1992 to 1993 even
though precipitation in 1992 was slightly below
normal. The hydrograph indicates the seasonal
drawdown patterns of the water table associated
with irrigation pumpage from nearby wells during
the growing season. There are eight irrigation
wells within 1 mile of the observation well.
Seasonal drawdowns appear to have been greatest
in the late 1970’s, perhaps indicating the period of
maximum pumpage in the surrounding area prior
to implementation of irrigation-withdrawal
controls.

The hydrograph of a well in Seward County
(fig. 17C) represents water-level conditions in the
extreme eastern High Plains of Nebraska from
shortly after irrigation development began in the
area in the mid-1950’s. From 1963 to 1982, water
levels declined about 9 feet followed by water-
level rises of about 12 feet from 1982 to 1988 when
annual precipitation averaged about 32 inches or 6
inches above normal. During 1988-92, annual
precipitation in the area averaged about 22 inches
or more than 4 inches below normal, and water
levels declined about 5 feet. The water level in this
well, however, was nearly the same in 1993 as in
1959, reflecting a period of large average recharge
(fig. 3) and small average consumptive irrigation
requirements (fig. 5) in this area. Seven irrigation
wells are within 1 mile of the observation well and
contribute to the pattern of seasonal drawdowns.
Water levels rose nearly 2 feet from 1992 to 1993
in association with precipitation that was more than
10 inches above normal in 1992 in the area.
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Figure 17. Water levels in observation wells in: A, Box Butte County; B, Chase County; C, Seward County, Nebraska.
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New Mexico
(from R.R. Cruz, in Dugan and Schild, 1992,
p- 41-42)

The hydrograph of an observation well in
Union County in northeastern New Mexico
(fig. 18A) represents an area of moderate irrigation
development but very small average recharge
(fig. 3) and large average consumptive irrigation
requirements (fig. 5), which apparently have
contributed to a steady decline in water levels in
the area. Water levels in this observation well have

declined about 16 feet from 1969 to 1993, at a
nearly constant rate of 0.66 foot per year.
Substantial declines probably occurred in this area
prior to the installation of this well (fig. 7).

The hydrograph in figure 18B represents an
observation well in Curry County, just west of the
intensively irrigated area in the northern part of the
Southern High Plains of Texas and New Mexico.
Water levels have declined steadily a total of about
18 feet in this well from 1961 to 1993—an average
of nearly 0.6 foot per year
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Figure 18. Water levels in observation wells in: A, Union County, B, Curry County, New Mexico.
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Oklahoma

The hydrograph of an observation well in
Texas County (fig. 194) shows a steady water-level
decline totaling nearly 25 feet from the early
1960’s to 1993. Most of this decline has occurred
since about 1974. This observation well is located
on the southwestern edge of a large cone of depres-
sion in the water table. Water levels in the center
of this cone declined about 100 feet from 1940 to
1980 (fig. 7). Declines in this well largely reflect
the effect of long-term withdrawals for irrigation
rather than short-term variability of precipitation in
the surrounding area. The rate of water-level de-
cline in the well began to increase in the early
1970’s, reflecting an increase in acres irrigated that
continued through 1981. A decrease in irrigated
cropland since 1981 and a possible decrease in the
rates of withdrawals for irrigation in the 1980’s as a
result of above-normal precipitation appear to have
slowed the rate of water-level decline since the
early 1980’s. Irrigated acreage in Texas County
decreased from a peak of nearly 190,000 acres in
1981 to less than 110,000 acres in 1990
(J.S. Havens, in Dugan and Schild, 1992, p. 43).

The hydrograph of an observation well in
Beaver County (fig. 19B) shows that the water
levels were relatively unchanged from 1956 to
1993. The only disturbance in this steady trend
was between 1969 and 1973 when the water level
were highest, about 71 feet below land surface in
1971, and lowest, about 79 feet in 1973. This
observation well is an unused stock well with no
pumping wells nearby. Irrigation development
since predevelopment has been minimal in this part
of Beaver County (Jayne May, U.S. Geological
Survey, written commun., 1994).

The hydrograph of an observation well in
Cimarron County (fig. 19C) represents an unusual
condition. This unused stock well is located near a
shallow playa lake with local runoff that drains
toward the lake and well. The water level has risen
nearly continuously from about 45 feet below land
surface in 1943 to about 25 feet in 1989. The water
level declined slightly from 1989 to 1993.
Cimarron County is in an area of the High Plains
where large acreages of cropland have been
returned to native grasses; however, the possible
long-term effect on water-levels in the High Plains
aquifer is not known (Jayne May, U.S. Geological
Survey, written commun., 1994),
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Figure 19. Water levels in observation wells in: A, Texas County; B, Beaver County; C, Cimarron County, Oklahoma.
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South Dakota
(from J.R. Little and K.M. Neitzert, in Dugan
and Schild, 1992, p. 45)

Net water-level change in a shallow observa-
tion well in Bennett County (fig. 20A) was minimal
from 1960 to 1993. These stable water-level
conditions are indicative of the minimal irrigation
development in this area. The upturn in the hydro-
graph in 1991 may be related to intense precipi-
tation event in mid-1991 in the shallow water-table
area. The water level then declined slightly and
remained relatively steady. This is similar to
patterns that occurred in 1959, 1969, and 1982 in

this well. Precipitation has been near to below
normal in this area since 1988 (fig. 14) (Dugan and
others, 1990; Dugan and Schild, 1992; McGrath
and Dugan, 1993; Dugan and others, 1994).

The water level in an observation well in Tripp
County in the eastern High Plains of South Dakota
rose about 5 feet between the early 1980’s and
about 1990 (fig. 20B). This rise may be attributable
to above-normal precipitation in 1981-90, which
averaged about 23 inches annually or 3 inches
above normal (McGrath and Dugan, 1993). Irriga-
tion development is minimal in this area. Since
1990, water levels have declined slightly during a
period of below-normal precipitation.

52 Water-Level Changes in the High Plains Aquifer—Predevelopment to 1993



DEPTH TO WATER, IN FEET BELOW LAND SURFACE

0 LI L A N L L L L L L LI L L L L L L B

E A WW/" i

20 - -

- .

L -

L i

40 - 7

60 [ g

i Well number: 431045101293701 Depth 27 feet ]

80 - Bennett County, South Dakota Elevation 2,995 feet ]

100 i sy a s e b v gy P SN T TSR T N S SN S U M WA SN SOV N T AN N O S O U S A A B}

0 }_| LANLIN L L N L L O I B L O L L L ]

- B ]

20 - .

40 [ N

i ~— T ]

60 |- N

L Well number: 431560099521701 Depth 168 feet ]

80 - Tripp County, South Dakota Elevation 2,404 feet 7

100-11I1IIlllllilIllllIllllllllLl]ll_lllll)llllllllLLl_llJ_]_LlIlll LLJIIJ_LILJ
1930 1940 1950 1960 1970 1980 1990 2000

Figure 20. Water levels in observation wells in: A, Bennett County; B, Tripp County, South Dakota.
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Texas
(from J.B. Ashworth, in Dugan and Schild,
1992, p. 47-48)

The hydrograph of an observation well in
Lamb County, Texas, illustrates the continuous
depletion of the aquifer in the northern part of the
Southern High Plains (fig. 214). As a result of
intensive irrigation withdrawals since the early
1950’s, the water level has declined about 67 feet
from 1951 to 1993, an average decline of about
1.6 feet per year. Declines averaged about 3 feet
per year from 1978 to 1986 and 2 feet per year
from 1987 to 1993 following a period of stable
water levels in 1986.

The hydrograph of an observation well in
Lubbock County illustrates a unique condition
(fig. 21B). The water level began to rise in this well
in the late 1960’s after the City of Lubbock cur-
tailed ground-water withdrawals and began to
import water from outside the county. Ground-

water withdrawals were curtailed further by a
decrease in irrigation caused by the expansion of
the city into previously irrigated farmland. Subs-
tantial amounts of recharge to the aquifer occur
locally as a result of storm runoff, which collects in
a large surface depression located in the south-
western part of the city. Although the water level
rose nearly 35 feet between 1966 and 1993,
declines of about 7.5 feet occurred from 1988 to
spring 1990. From spring 1990 to 1993, the water
level rose about 5.5 feet.

The hydrograph of the well in Gaines County
illustrates the rise in water levels in the southern
part of the Southern High Plains (fig. 21C). The
water level in this well rose about 36 feet from
1969 to 1993, about 31 feet of this rise occurring
since 1982. Precipitation in this area averaged 4 to
6 inches above normal in 1981-92. In addition,
water levels in this area may have been affected by
a rise in the potentiometric surface of an aquifer
underlying the High Plains aquifer.
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Figure 21. Water levels in observation wells in: A, Lamb County; B, Lubbock County; C, Gaines County, Texas.
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Wyoming
(from K.A. Miller, in Dugan and Schild,
1992, p. 50-51)

The hydrograph of a well in eastern Laramie
County, near the Nebraska border, shows a rise of
about 5 feet in the early 1980’s but a net decline
totaling nearly 4 feet from 1985 to 1993 (fig. 224).
Precipitation during 1981-92 averaged 2 to 4
inches above normal (fig. 12). The water-level
decline in this well does not appear to be closely
related to precipitation but to a possible increase in
ground-water withdrawals in the surrounding area.
The hydrograph indicates this well is very respon-
sive to pumping of nearby wells, characterized by
large, rapid drawdowns and recoveries.

The water level in a well in southern Laramie
County declined nearly 20 feet from 1974 to 1980,
rose nearly 15 feet from 1980 to 1986, and
declined about 3 feet from 1985 to 1993 (fig. 22B).
The rise from 1980 to 1985 occurred during a
period when precipitation averaged nearly 6 inches

above normal. The declines from 1985 to 1991,
however, probably are related to an increase in
pumpage in the surrounding area. During
1985-92, precipitation in the area averaged slightly
above normal. Water levels in this well, however,
rose more than 2 feet from 1991 to 1992, probably
as aresult of precipitation that was 5 to 10 inches
above normal in 1991. Water levels did not change
significantly from early spring 1992 to early spring
1993 in association with near-normal precipitation
in 1992 (fig. 14).

The water level in a well in southern Niobrara
County declined nearly 12 feet between 1973 and
1993, which is an average decline of about 0.6 foot
per year (fig. 22C). The rate of decline was about
1.2 feet per year between 1973 and 1982, but less
than 0.2 foot per year between 1982 and 1993.
Precipitation from 1981 to 1992 was near normal
or about 14 inches annually (fig. 12). The water
level rose about 1 foot from 1992 to 1993 even
though precipitation was slightly below normal in
1992 (fig. 14).
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Figure 22. Water levels in observation wells in: A, eastern Laramie County; B, southern Laramie County;

C, Niobrara County, Wyoming.
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