





CHANGES IN GROUNDWATER LEVELS, PREDEVELOPMENT TO SPRING 2011

Long-term groundwater-level changes in Nebraska primarily reflect aquifer depletion in areas of
dense irrigation development and increases in storage due to seepage from canals and reservoirs.

Spring 2011 groundwater levels continue to indicate
long-term declines and rises in certain areas of Nebraska
(Fig. 13). With a few exceptions, areas of significant
groundwater level declines generally correspond to areas
where irrigation well density is high and aquifers are deep
and have little or no connection to surface water (Fig. 14).
The largest groundwater-level declines from predevelopment
to spring 2011 occurred in the Southwestern Tablelands and
the Panhandle Tablelands. Some smaller areas of declines
occurred in the extreme southern East-Central Dissected
Plains and the South-Central Plains. The largest rises
occurred in Gosper, Phelps, and Kearney Counties in the
South-Central Plains and in the East-Central Dissected
Plains: both are areas where canals and surface irrigation
systems exist.

The predevelopment groundwater levels used in
the Southwestern Tablelands are representative of the
approximate average water levels prior to 1953. Available
data indicate that, as a result of intensive use of groundwater
for irrigation, a general trend of declining water levels
began in about 1966. Predevelopment water levels used to
develop the groundwater-level change map in Box Butte
County are the approximate average water levels prior to
1946. Intensive groundwater development for irrigation
since 1950 has caused water-levels to decline 5 to more
than 70 feet from predevelopment levels (Fig. 13). Records
from recorder wells in both areas indicate that rates of
decline have been more or less steady despite changes in
groundwater management practices, water use allocations,
and fluctuations in the amount of annual precipitation (see
Korus and Burbach, 2009b, and forthcoming section).

A large portion of the South-Central Plains has
experienced long-term groundwater-level declines since
predevelopment (Fig. 13). Predevelopment water levels
in this area are generally representative of the approximate
average water levels prior to 1950. Groundwater levels in
large parts of this region have declined more than 10 feet,
and in some areas more than 20 feet, from predevelopment.
Declines in other areas of the South-Central Plains are
at least 5 feet from predevelopment. The declines in this
region, however, are much less severe than in recent years
(cf. Burbach, 2007).
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Parts of other regions that experienced relatively large
areas of decline include the East-Central Dissected Plains;
Republican River Valley and Dissected Plains; Southern
Panhandle Tableland; Northern Panhandle Tableland; and
northeastern Sand Hills (Fig. 13). Irrigation well density is
high in some, but not all, of these areas. Other factors such
as aquifer characteristics, rates of recharge, and irrigation
scheduling could be contributing to the declines.

Groundwater-level rises from predevelopment generally
occurred in areas of surface irrigation systems. Storage of
water in Lake McConaughy began in 1941, and seepage
losses caused water-level rises of as much as 60 feet in
nearby observation wells (Ellis and Dreeszen, 1987). Water
levels generally stabilized by about 1950 and since then
have fluctuated in response to changes in reservoir levels
and precipitation (Johnson and Pederson, 1984). Water is
released from storage in Lake McConaughy, is subsequently
diverted from the Platte River near North Platte, and then
flows through the Tri-County Canal and a series of reservoirs
toward Dawson, Gosper, Phelps,and Kearney Counties, where
it has been used for irrigation since 1941. Deep percolation
of water from these irrigation-distribution systems and from
excess water applied to crops has raised groundwater levels
as much as 70 feet (Fig. 13). Groundwater levels have also
risen in association with seepage from Sutherland Reservoir,
Lake Maloney, and their associated canals in eastern Keith
and central Lincoln Counties. Rises of as much as 60 feet in
the Northern Panhandle Tableland region are also associated
with irrigation canal systems.

Groundwater-level rises of 10 to more than 60 feet
occurred in portions of the East-Central Dissected Plains
and Northeast Glacial Drift region (Fig. 13). The highest
water-level rises occurred in Valley, Sherman, and Howard
Counties as the result of seepage from irrigation canals,
Sherman and Davis Creek Reservoirs, and deep percolation
of irrigation water applied to crops. Eastward of that area,
rises occurred in aquifers that are relatively deep, have little
connection to surface water, and have high densities of
irrigation wells. In other areas of Nebraska, this combination
of factors has resulted in groundwater-level declines, so
the rises in northeast Nebraska are most likely the result of
higher than average precipitation spanning several decades.



Figure 13. Groundwater-Level Changes in Nebraska - Predevelopment to Spring 2011
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Figure 14. Density of Active Registered Irrigation Wells - December 2011
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CHANGES IN GROUNDWATER LEVELS, PREDEVELOPMENT TO SPRING 1981
AND SPRING 1981 TO SPRING 2011

Prior to 1981, groundwater levels were declining in nearly all areas of the State.
After 1981, however, markedly different changes occurred in the east compared to the west.

Groundwater-level changes from predevelopment
to Spring 1981 reflect the responses of aquifers to the
development of groundwater and surface water irrigation
systems in Nebraska. Areas of significant groundwater level
declines generally corresponded to areas of dense irrigation
well development (cf. Johnson and Pederson, 1981).
Declines were generally equal in magnitude in eastern and
western areas (Fig. 15). The largest areas in which declines
occurred were in the Panhandle Tablelands, Southwestern
Tablelands, South-Central Plains, Platte River Valley, East-
Central Dissected Plains, and northeast portion of the Sand
Hills. Declines exceeded 30 feet in Box Butte County in the
Panhandle, Chase County in the Southwestern Tablelands,
and Clay and Fillmore Counties in the South-Central Plains.
Declines occurred in smaller areas of the Republican River
Valley and Dissected Plains as well as the Northeast Glacial
Drift region. Almost all groundwater-irrigated areas of
Nebraska experienced declines associated with groundwater
withdrawals. Such declines are a necessary response of the
aquifer to development according to principles of hydrologic
mass balance (c.f. Korus and Burbach, 2009a).

Groundwater level rises from predevelopment to Spring
1981 were associated with irrigation canal systems and
reservoirs (Fig. 15). The rise in southern Sioux and northern
Scotts Bluff Counties was associated with seepage from the
Interstate canal system, among numerous smaller systems,
and excess water applied to crops beginning in the early
20" century. The rise in these counties exceeded 60 feet
in some areas. The rise in Cherry County was associated
with seepage from Merritt Reservoir beginning in the mid-
1960s and exceeded 20 feet immediately adjacent to the
reservoir. Seepage from Lake McConaughy beginning in
1941caused groundwater levels to rise as much as 70 feet by
1981. Reservoirs and canals south of the Platte River, which
are used for hydroelectric power production and irrigation,
provided seepage that caused groundwater-levels to rise
from eastern Keith County to western Kearney County (see
discussion in previous section). Water levels began rising in
this area after 1941 and had nearly reached their maximum
by 1981. In the East-Central Dissected Plains, groundwater
levels began rising in 1963 due to seepage from Sherman
Reservoir, its irrigation-distribution system, and deep
percolation of irrigation water applied to crops. Rises of 10
to more than 30 feet occurred in in this area by 1981.

Compared to the changes discussed above, a much
different pattern of groundwater-level changes has emerged
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in Nebraska since 1981 (Fig. 16). In central and eastern
Nebraska, areas in which declines had occurred from
predevelopment to 1981 experienced rises of 5 to more than
20 feet from 1981 to 2011. This pattern of pre-1981 decline
and post-1981 recovery is observed in many wells, including
the Hastings Recorder well, which has a continuous record
dating to the mid-1930’s, and the Aurora Recorder well,
which dates to the mid-1950’s (Fig. 17). In areas such as the
East-Central Dissected Plains, Northeast Glacial Drift region,
and extreme eastern Sand Hills, a net rise in groundwater
levels has occurred from predevelopment to 2011 (Fig. 13).
Rises in areas such as Hall County in the Platte River Valley
and Colfax and Dodge Counties in the northern Glacial Drift
region erased earlier declines that were similar in magnitude,
resulting in little or no observable change today.

Declines in the South-Central Plains reached a
maximum in 1981 and have since recovered such that
changes in some areas are now less than 5 feet compared
to predevelopment levels (Figs 13, 15, 16). Groundwater
levels in most of this area, however, remain below
predevelopment levels. It is hypothesized that the post-
1981 recovery of groundwater levels in central and eastern
Nebraska resulted from a combination of factors, including
(1) reduced groundwater withdrawals during several long
periods of above-average precipitation, (2) increased
irrigation efficiencies that resulted in reduced pumping rates
and volumes, and (3) stabilization of groundwater-levels as
the aquifer equilibrated to the new hydrological conditions
imposed on it by irrigation development decades earlier (see
Korus and Burbach, 2009a). Another possible explanation
for these rises may be related to increasing rates of recharge.
In some areas, a shallow water table aquifer is separated
from the primary aquifer by a confining layer. Irrigation
during the first several decades after development was
primarily by means of flooding along rows of crops. This
method resulted in over-application and deep percolation,
which thereby recharged the shallow aquifer. Evidence for
this phenomenon is shown in the hydrograph for the Exeter
Recorder Well, which is screened in the shallow aquifer
(Fig. 17). The steady rise from 1956 to 1981 in this well
corresponds to the steady decline observed in nearby wells
that are screened in the deep aquifer. This excess water
may have served as a source of new recharge to the primary
aquifer in areas where the confining layer is sufficiently
permeable.



Figure 15. Groundwater-Level Changes in Nebraska - Predevelopment to Spring 1981
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Figure 16. Groundwater-Level Changes in Nebraska - Spring 1981 to Spring 2011
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In contrast to the groundwater-level rises in the east,
levels continued to decline in parts of western Nebraska
from 1981 to 2011 (Fig. 16). The Alliance, Benkelman,
and Imperial Recorder wells show declines of 50 to 60 feet
in just 50 years, an average of about 1 foot per year (Fig.
17). Brief periods of unchanging or rising groundwater
levels occurred, but the rates of decline were steady overall
despite changes in groundwater management practices,
water use allocations, and fluctuations in the amount of
annual precipitation over the past 30 years. The pattern

of long-term groundwater-level decline over a large
region, such as the Southwest Tablelands and Box Butte
County, is a normal response of an aquifer to irrigation
development. Such declines reflect the release of water
from storage in the aquifer and the adjustment of the water
table to new hydrological stresses (see Korus and Burbach,
2009a). These declines will stabilize only if groundwater
withdrawals do not exceed the total yield of the aquifer,
which is a function of its hydrogeological characteristics as
well as its sources and rates of replenishment.

Figure 17. Groundwater-Level Hydrographs typical of southeast and southwest Nebraska
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Exeter Recorder Well -Fillmore County
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AVERAGE DAILY STREAMFLOWS, 2010

Above-average precipitation resulted in high streamflows throughout most of the State in 2010.

The flows in Nebraska streams have several differ-
ent sources. Snowmelt in the Rocky Mountains provides
springtime flows for the Platte River as it enters Nebraska.
Variations in the amount of winter snowpack have a pro-
found impact on discharges, but so also can the timing and
amount of releases from dams in Nebraska, Wyoming, and
Colorado. Runoff from precipitation is the source of many
of the peak flows in Nebraska streams. Runoff is great-
est on soils with low infiltration rates and/or high slopes.
As such, many streams in eastern Nebraska have ‘flashy’
discharges characterized by high flows immediately fol-
lowing large precipitation events. Streams with headwa-
ters in the Sand Hills are characterized by steady flows
year-round because high infiltration rates in the sandy soils
limit runoff and provide constant groundwater discharge to
streams.

Average daily streamflow values were higher than the
30-year average for most of Nebraska’s streams in water
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year 2010 (Fig. 18). The highest discharges occurred in
Red Willow Creek and other tributaries to the Republican
River, Elkhorn River and its tributaries, North Platte River,
White River, and Little Nemaha River. Flows were above
average in all other streams except the West Fork of the
Big Blue River, Pumpkin Creek, and several tributaries and
canals of the Republican River that enter Nebraska from
Colorado and Kansas. Little or no flow was observed in
Lodgepole Creek.

The factors affecting streamflows are numerous and
complex. Nonetheless, groundwater-level declines in ar-
eas where streams are well-connected to aquifers have low-
ered or altogether halted flows to some streams that overlie
the High Plains Aquifer (Sophocleous, 1998). Continued
monitoring of groundwater-level changes throughout Ne-
braska is necessary in order to evaluate and manage these
interconnected resources.



083% Average streamflow in 2010

Figure 18. Average Streamflow in Water Year 2010, as a Percentage of the 30-Year Average
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