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FORWARD

Nebraska's proud tradition of natural-resources We are proud to present this report, which is a
stewardship is particularly apparent in the case ajdntinuation of the series of water resources reports and
groundwater. Groundwater is inextricably linked to thmaps published by the Conservation and Survey Division
State’s rich heritage; it also maintains our agricultur@CSD) of the School of Natural Resources. The information
economy and provides steady *ows to some of the Natiopi®vided herein can be used to inform, educate, and guide
most admired natural streams. The groundwater resourtescitizens of Nebraska as we enter new and challenging
that lie beneath Nebraska are indeed vast, but they are tifses regarding water resources.
vulnerable: even small changes in groundwater levels can
have profound impacts.

INTRODUCTION

Groundwater-level information is valuable to citizens and stakeholders for understanding
water resource availability and making informed management decisions.

This report is a statewide synthesis of groundwatéipe statewide assessment of groundwater-level changes
level monitoring programs in Nebraska. It is a continuati@gross all groundwater regions (Fig. 1) and in many of the
of the series of annual reports and maps produced by $t@te’s aquifers (Fig. 2,3).

CSD of the University of Nebraska in cooperation with The CSD has long provided technical services to

the U.S. Geological Survey (USGS) since the 1950%akeholders by integrating groundwater-level change data
Groundwater-level monitoring began in Nebraska in 19806th multiple data sets in order to:

in an effort to survey the State’s groundwater resources and

observe changes in its availability on a continuing basis. The 1) Determine the amount of groundwater in storage and
CSD and USGS cooperatively developed, maintained, and its availability for use.

operated an observation well network throughout the State. 2) Assess the water-supply outlook by determining

These two agencies were responsible for collecting, storing, changes in the volume of groundwater in storage.
and making this information available to the citizens. 3) Identify areas in which changes in groundwater
Although CSD and USGS still occupy a central role in levels may have an economic impact.

the statewide groundwater-level monitoring program, other 4) Assist state and local agencies in the formulation and
agencies have assumed the responsibilities of building and  administration of resource-management programs.
maintaining observation networks and measuring water 5) Determine or estimate the rate and direction of
levels. The CSD and USGS continue to operate some of  groundwater movement, speciec yield of aquifers,

the original observation wells, but today the majority of base «ow of streams, sources and amounts of
measurements are made by agencies such as the Natural groundwater recharge, and locations and amounts
Resources Districts, U.S. Bureau of Reclamation, U.S. of groundwater discharge.

Fish and Wildlife Service, Public Power and Irrigation 6) Assess the validity of hydrogeologic interpretations

Districts, and municipalities. Because these agencies are  and the assumptions used in developing models of

located throughout the State, they are able to implement groundwater systems.

groundwater-level monitoring programs using local eld

staff, landowner contacts, taxing and regulatory authority, The need for this information has increased tremendously

and erst-hand knowledge of local conditions. Collectivelgver the past few years, yet the resources available for

these agencies have developed an extensive networKubfling this need have decreased. The CSD strives to meet

observation wells throughout the State. this challenge by focusing on fundamental data, building
The CSD plays a vital role in providing technicatollaborative relationships with the agencies that depend

expertise to these agencies as they develop and implementhe information, and providing scientiecally accurate

groundwater-level monitoring plans. The CSD evaluates thé&rmation in a timely manner.

adequacy and accuracy of the water-level data and provides



Figure 1. National Resources Districts and Groundwater Regions of Nebraska
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Figure 2. Important Aquifers and Topographic Regions of Nebraska
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Note: In some areas, the aquifer units shown here may contain little or no saturated thickness.



INTRODUCTION (continued)

Purpose and Methods

This report summarizes changes in Nebraska&ebraska, generally depend on the beginning dates o
groundwater levels over periods of 1, 5, and 10, years piilciensive use of groundwater for irrigation. Typigaall
to 2012, as well as from 1981to 2012, predevelopmentawailable water-level data collected prior to orridg
1981, and predevelopment to 2012. 1981 was selectedhasearly stages of groundwater development ard tse
a exed year, as groundwater level declines in many partsestimate predevelopment water levels. Contours were
the state reached a maximum in 1981. These changesdem@/n manually with the aid of previously existintaps
depicted in maps that delineate regional trends on a statevitesimilar time periods and with knowledge of nmajo
basis. Although localized conditions may vary considerablydrogeologic boundaries.
the maps presented in this report provide an overview of Areas of sparse data are shown with a hatched pattern
the general locations, magnitudes, and extents of rises andall maps. A computer point density interpolation was
declines. The reader should use egures 1 — 4 to located to determine the number of observation points within
groundwater regions, aquifers, and counties mentionedai® mile (10 kilometer) search radius. Areas of sparse data
the text. were deened as areas with zero observation points within the

The 1-, 5-, and 10-, year changes are presented ingbarch radius.
spring 2011 to spring 2012, spring 2007 to spring 2012, and Precipitation maps were prepared by comparing total
spring 2002 to spring 2012, respectively. Groundwater levplecipitation over the time period of interest to the 30-year
measured from thousands of wells throughout the Statenormal provided by the National Climate Data Center. The
spring 2012 (Fig. 5) were compared to levels measured3ryear normal currently in use is based on average annual
the same wells in the spring of the earlier year. For the firecipitation from 1970 to 2000. Computer interpolation
5-, and 10-year change maps, contours were generated usigused to generate contours for these maps.
computer interpolation. These contours were incorporated The average daily streameows were computed by taking
into the enal maps in areas where the principal aquifertise average of all daily mean values for the water year, which
continuous, is in relatively good hydraulic connection overas from October 1, 2010 to September 30, 2011. The long-
large areas, and where data density is relatively high. In aressn average is calculated from all available annual data
not meeting the above conditions, the computer-generafi@in the 30 year period previous to the current water year.
contours were manually edited on maps at a scale Tofe 2011 stream sows were compared to the average annual
1:500,000 in order to conform to hydrogeologic boundariesws from 1981 to 2011. For a few sites, less than 30 years
that prevent the eow of groundwater. Such boundarie$data is available for computing the long term average.
include 1) areas where relatively impermeable bedrock
units outcrop or exist in the shallow subsurface, such
southeastern Nebraska and in areas of Scotts Bluff Cou
2) valley boundaries in eastern Nebraska where alluvial Long-term groundwater-level changes are a resection of
aquifers are a major source of groundwater but upland argeschanging balance between recharge to, discharge from,
between them lack a primary aquifer, and 3) areas wheredhd storage in an aquifer. If recharge and discharge are in
High Plains Aquifer is separated by deeply entrenched pdrgdance, such as they were before widespread irrigation
of the Niobrara, Republican, and Platte River valleys. Fdevelopment, groundwater levels are generally steady
the spring 1981 to spring 2012 map, computer interpolatibacause the amount of water stored in the aquifer does not
was impractical because data was sparse in many arehange. Minor changes in groundwater levels may occur
Contours were therefore drawn manually with knowledge édie to natural variations in precipitation and streameow, but
the major hydrogeologic boundaries listed above. generally the system is in equilibrium. If, however, the rate

For the predevelopment to spring 2012 araf recharge exceeds the rate of discharge over a long period,
predevelopment to spring 1981 maps, water levels frahe amount of water stored in the aquifer increases and
wells measured in 2012 and 1981 were compared gi@undwater levels rise. Conversely, if the rate of discharge
estimated predevelopment water levels in the same wedlsceeds the rate of recharge for a long period, the amount of
An estimated predevelopment water level is the approximatater in storage is depleted and groundwater levels decline.
average water level at a well site prior to any developmditte magnitudes, locations, and rates of groundwater level
that signiecantly affects water levels. Predevelopmenhanges are controlled by many factors, including: the
water levels for most of the State are the estimated wadquifer’s storage properties, permeability, and saturated
levels that generally occurred before the 1930s, 1940sthickness; the locations, rates, and pumping schedules of
early to mid-1950s. These dates, which vary throughawtlls; the locations and rates of artiecial recharge areas; and
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Figure 3. Generalized Geologic and Hydrostratigraphic Framework of Nebraska

Geochronology Lithostratigraphy Lithology Hydrostratigraphy
Erg Period Epoch | Age, Mlayest east
Holocene 0.01 DeForest Fm. and other units dune sands, alluvium
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< Gilman Canyon Fm. sand O d
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g I?lessels and <pre-||linoian g_ d
§ ' 2 ]| @lluvial units lacial tills | Sediments [ =] PYTET
& Pliocene 53] Broadwater Fm. ' corr. units——— sand ' gravel Aquifer
Neogene Miocene Ogallala Group sand, sandstone, siltstone, gravel DMIC
% 23— Arikaree Group y sandstone and siltstone
= Oligocene T L
= nite . siltstone, sandstone ' claystone
Paleogen c 33.9 River Gp.[Twrar Y [ 1-Chadron Aquifer! U
ocene
/unnamed unit i < > sandstone ' congl.
55.8 northeastern Nebras 9
Paleocens 65.5-] /////////
' LaEE}n}ig I/ZTF [— sandstone and siltstone LerEmiaEms
Fox Hills En. [—— sandstone and shale Hills Aquifer”
: shale with minor shaly chalk,
Lat Pierre Shale siltstone ' sandstone
ate - - - - .
-§ Cretaceous |Cretaceous Niobrara Fm. shaly chalk and limestone Niobrara Aquifer dmi -)tg
§ Carlile Shale § shale with minor sandstone Codell Aquifer d
= Greenhorn Ls. ' Graneros Shale limestone and shale dmic
99.6— sandstone ' conglomerate, Great Plains Q'J_ *
Early Dakota Group# siltstone, mudstone, ' shale  [Aquifer Maha (Dakota) Aquif
Cretaceoug W Morrison Fm.2 ) System _Apishapa Ad. /O/
- 145,51 Sundance Fm.Z/ mudstone, siltston /./
Jurassic -201.6 Goose Egg Fm —_shale" sandstone
Triassic 251— Nippewaﬁa Gp. sandst., sh., mudst.
) Sumner Gp.2 Is., " evaporites /
Permian L 09 upr. Council Grove - Chase Gps.$| limest., shale, mudst. ' evaporitep IIII/IAd
‘o | Pennsylvanian |5, Cherokee - lwr. Council Grove Gps & lgmest., shale, mudst. ' sandst. 11177 *
§ Mississippian 5/ Mississippian Aquifer /Q/ @
Q , —359— limestone, sandy limestone, Wester *
< Devonian | 116— ol argillaceous liméstone, oolitic | Interior ~ Silurian-Devonian o
o Silurian Mu t|pg limestone, dolomite, silty dolomite Plains ~ Aquifers }{
L 4144—}/ units? argillaceous dolomite, shaly Aquifer E———]
Ordovician dolomite, sandy dolomite, Shale, | System _Galena-Maquoketa Ag /5 g':
— 488— siltstone ' chert L =
Cambrian c1 Cambro-Ordovician Aqg /c/ @
Precambrian mostly igneous and metamorphic rocks

Diagram is not to scale relative to geologic time and stratigraphic thicknesses.

Hydrostratigraphic characteristics and water quality

- primary aquifers with good quality water
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aquitards

secondary aquifers with good quality water
secondary aquifers with generally poor quality wate
aquitards with local low-yield aquifers

! lower White River Group - includes Chamberlain Pass and
Chadron Formations according to some authors; @Chadron

Aquifer® historically refers to aquifer in

lower White River Group

" imf)ortant aquifer in Colorado, but present in Nebraska
on

y
# Dakota Formation in adjacent states

in extreme southwestern Panhandle

$ includes correlative units with di%erent names in northwest Nebraska
& Cherokee, Marmaton ' Pleasanton Groups are not exposed

in Nebraska
2present only in subsurface
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the degree of hydraulic connection between the aquifer andGroundwater-level changes can be observed at many
surface water bodies. different temporal scales (Fig. 6). Changes may occur over
It is a common misconception that the rate of rechaggveral minutes or hours in response to pumping, *oods,
from precipitation can be used as a “safe yield” or “sustainableearthquakes. Long-term changes may occur due to the
limit” on the rate of groundwater extraction from an aquifeumulative effects of pumping over many irrigation seasons,
(Bredehoeft, 1997). This idea is too simplistic. The aquifprolonged droughts or periods of high rainfall, or seepage
properties and all sources of recharge and discharge nftesh man-made water bodies. Similarly, groundwater levels
be taken into consideration. Recharge is provided primaihn be observed at multiple spatial scales. For example,
by precipitation, but also by irrigation retusow and groundwater levels decline around the immediate vicinity
seepage from canals, reservoirs, and streams. Dischafgan individual well during pumping, but also from the
occurs as baseeow to streams and lakes, evapotranspiratamulative effects of many irrigation wells pumped over
and groundwater pumping. Groundwater levels, therefoneany irrigation seasons at the scale of an entire regional
respond to a variety of natural and anthropogenic factaguifer. Groundwater levels rise along the banks of a stream
affecting recharge and discharge and are controllidaking a *0ood, but may also rise signi!cantly over an entire
largely by the physical properties of the aquifer. Limitingrainage basin during a prolonged wet period. The temporal
groundwater extraction to a rate equal to or less than the eaté spatial scales of observation must be taken into account
of recharge from precipitation will not prevent depletion afhen using the maps presented in this report.
the aquifer. In fact, groundwater “mining” is prone to occur The maps presented in this report were generally created
to one degree or another in any heavily pumped aquiferatf scale of 1:500,000. They are intended to identify regional
holistic, adaptive approach to groundwater manageméends at medium and long-term time scales throughout the
based on hydrologic mass balance is more approprigetire state of Nebraska. As such, these changes chieey
These strategies are discussed by several authors (esgct the interplay between precipitation, groundwater
Sophocleous, 1997, 2000; Alley and Leake, 2004; Maimopamping, and arti'cial recharge from reservoirs and canals.
2004; Korus and Burbach, 2009a).

Figure 4. Counties, Major Cities, and Streams of Nebraska

e

P C
CHERRY T Sowth

kit B Ww S B

[~ SHERIOAN

Mg EROAN ROCK
W ¥
BI1K FIERGE
BuTTE o \ ‘t’if';’_“ e
R
. i
Alliance o R it o
= % Norfoll *| -
: -
Sl r e N G
HOOHER: THOMAS ] \a&f_nms wr: GARFIELD | WHEELER MADISON | STANTON
hpa et
S 550 BOHE i
"“‘“\l \\1 PLATTE | cOLFax
MCPHERSOM LOGAN VALLEY GREELE'T . W SHINGTION,
Columbus (Schuyler] Fremont,
e B e (T T .

&, CUSTER % NANCE T
4,4! \ | U OUGLAS
Naorth 5 5HE:|MPN i HERRICK BUTLER SAUNDERS e
Y POLE elieviey
% o i~ i

LINCELR oL \\-Jf Grand w\r’“" e atts moutl

Island® York Z CASS
[l = o) L]

Ington | BUFFALD bt $_m = ===t'Lincoln__T ebraska
.ICearrl . - o LANCASTE\E\' e Clity

‘% =

Imﬂi.llgsan_l““’_” l:rele]? {

CHASE HAYES FRONTIER GOSPER FHELPS: KEARNEY ADAMS CL&Y FILLMORE SAUME (I - <,

FPERKINS

. \ 3 P JoHRSN 3
Holdrege A o J‘_{"*“ LA =1 ", Beatrice] HEMAHA
o P #
: McCook A" e, GRGE :
lican ey LA £ e W fg ~ RICHARDSON
DURCH BW“_!'M‘“—' o FURNAS oo FRANKLIN | weBSTER: | MUCKDLLS | A JEFEERSCH PAANEE ﬁ;m_\m\’
el U A b Fl B e - \&




Figure 5. Locations of Spring/Fall and Monthly Observation Wells
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Sources: U.S. Geological Survey, Nebraska Water Science Center; U.S. Bureau of Reclamation, Kansas-Nebraska A
Oflce; Nebraska Natural Resources Districts; Central Nebraska Public Power and Irrigation District;
Conservation and Survey Division, School of Natural Resources, University of Nelviaskin

Figure 6. Example of Groundwater-Level Changes at Different Temporal Scales
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CHANGES IN GROUNDWATER LEVELS, SPRING 2011 TO SPRING 2012

From the spring of 2011 to the spring of 2012 about an equal number of
groundwater rises and declines were recorded in wells throughout the state.

From the spring of 2011 to the spring of 2012 about Groundwater-level declines were recorded in 46%
an equal number of groundwater rises and declines wefemeasured wells, with declines of greater than one foot
recorded in wells throughout the state. Rises were recorad@durring in 15% of all wells. Most areas of groundwater
in 54% of wells, with rises of greater than one foot measurladel declines occurred along the Missouri River, and in the
in 18% of all wells. The largest contiguous area of thertheast portion of the state. Extremely high water levels
state with a groundwater level increase greater than arethe Missouri River in 2009 and 2010 caused groundwater
foot occurred in the central Sand Hills where precipitatidavel increases in wells immediately adjacent to the river.
was 120-160% of the 30 year average. A rise of greaWith reduced "ows during 2011, wells in the Missouri River
than !ve feet was recorded in central Garden Countyalley dropped on average two to !ve feet. During 2012,
where groundwater is moving slowly downslope througprecipitation was 70-100% of the 30 average for much of
the aquifer as a result of a particularly wet 2009 and 20Hastern Nebraska. Greater demands for irrigation water
Groundwater-level rises in Chase, Cheyenne, Hayes aminbined with at or below normal precipitation resulted
Lincoln Counties were the result of reduced pumping strasswater-level declines for much of northeastern Nebraska.
on aquifers due to above normal precipitation during tiMany other isolated areas experienced groundwater-level
growing season. Many other localized parts of the stateclines on a local level. Some of these areas were the result
also experienced groundwater-level rises, particularly @f reduced stream "ows from 2010 to 2011, such as along
east-central and south-central parts of the state. Higltee North Platte River, with other areas the result of small
precipitation in many of these areas reduced the demamtkets of less than average precipitation or continued use
for water pumped from irrigation wells. ~Additionally,of signilcant quantities of groundwater for irrigation.
increased stream "ow and increased aquifer recharge from
above normal precipitation resulted in localized areas of
groundwater-level rises.



Figure 7. Groundwater-Level Changes in Nebraska - Spring 2011 to Spring 2012

Rise in feet Decline in feet
[ Jio2 [ J1tw2
|:| 2t05 - 2t05
- B

|:| < +/- 1 foot

Sparse data
- Surface water

(1 foot = .3048 meters)

Sources: U.S. Geological Survey, Nebraska Water Science Center; U.S. Bureau of Reclamation, Kansas-Nebraska A
Oflce; Nebraska Natural Resources Districts; Central Nebraska Public Power and Irrigation District;
Conservation and Survey Division, School of Natural Resources, University of Nebraska—Lincoln

Figure 8. Percent of Normal Precipitation - January 2011 to January 2012

Sources: National Climate Data Center, Asheville, North Carolina;
High Plains Regional Climate Center, University of Nebraskacoln



During the eve year period between 2007 and 2012, signiecant
groundwater level increases were recorded for almost all of Nebraska.

During the eve year period between 2007 and 201the rises depends on the depth of the water tdelesity
signiecant groundwater level increases were reedrébr of irrigation wells, and degree of connection betwe
almost all of Nebraska. Groundwater-level risesrewegroundwater and surface water. Rises in the PRitter
recorded in 80% of all wells, with rises of greatesin one Valley and the Sand Hills were largely driven bgreased
foot recorded in 67% of wells. Precipitation wdsowe recharge to aquifers and higher eows in streantscamals,
normal for all of the state, with the exceptionpafrts of whereas decreased irrigation withdrawals probatdpant
Fillmore, Kimball and Scotts Bluff Counties. Sigrant for most of the rises in other areas.
areas with rises of greater than ten feet occuirddrge Groundwater-level declines between 2007 and 2012
portions of Butler, Polk, York, Platte, and Antedopwere recorded in 19% of wells, with 12% of measured
Counties. Other smaller areas of rises of grehgerten feet wells having declines of greater than one foot.eas
occurred in northern Holt County, and other locadiareas in the southern Panhandle and Box Butte, Perkind, a
in central Nebraska. Groundwater-level rises frd@07 Dundy Counties experienced the most signiecantides
to 2012 resulted from a combination of factors|uding despite near normal to above normal precipitation f
increased *ows in streams and canals, decreasgdtion these areas. Declines persist in these areas $®etage
withdrawals, and increased recharge to aquifermpemed amounts of irrigation water are still required fpowing
to the several dry years prior to 2006 (c.f. Burh&006). corps in dryer western portion of the state, evarnng
The relative importance of each factor in contribgtto years of normal precipitation.
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Groundwater-level changes from 2002 to 2012 wecentinue to decline.

dominated by two contrasting periods of change.cliviof
the Midwest and all of Nebraska except for the meaist
part of the state were in a period of drought 200 to
about 2007. During this time, Groundwater-levetloees
were recorded throughout the state of Nebraskab@lr,
2007). Precipitation returned to above normal lever

Major areas of groundwateele
decline include the South-Central Plains, Southerast
Tablelands and the Central Panhandle. Declineaart
than eve feet occurred over much of these regiamigh
declines of more than 20 feet occurring in partBok
Butte, Perkins, Chase, and Dundy Counties. Watesl
declines in these counties are largely the resudrawving

the years between 2007 and 2012, causing groundwddege quantities of irrigation water from deep ders with

levels to return to pre-drought levels in much aktern
and central Nebraska. Groundwater-level risesnaf
*ve feet were recorded in many areas scattereslfrout
the state. Rises of greater than 10 feet wererdedoin
parts of Butler, Boone, Platte, Valley, Otoe, Garded
Scotts Bluff Counties. Increased sow in the NoRlatte

little or no connection to surface water. At ofdvenormal
precipitation in the South-Central Plains, combiméth a
high density of irrigation wells per acre have ie=iliin
declines of one to ten feet for much of the regi@ther
localized areas of groundwater level declines aecur
throughout the state, which may result from a coration

River returned levels in Lake McConaughy to nedl fuof factors including irrigation water withdrawalsreduced

levels, causing rises in groundwater of more thafe2t in
the area surrounding the reservoir.

recharge from near normal to slightly below normal
precipitation on a regional scale.

Despite four years of above average precipitatmn f

the state, groundwater levels in some parts of stia¢e

12



Rise in feet

[ Jitos

[ Isto10
[ J10t015
[ 15020
B 20 t0 25
B 25 0 30

Decline in feet
[ Jitos
[ Isto10
[ 101015
B 150 20
B 20 0 25

[ ] <+-1foot

“ sparse data
- Surface water

(1 foot = .3048 meters)




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

Spring 2012 groundwater levels continue to indicate Parts of other regions that experienced relatively large
long-term declines and rises in certain areas of Nebraakeas of decline include the East-Central Dissected Plains;
(Fig. 13). With a few exceptions, areas of signiecanRepublican River Valley and Dissected Plains; Southern
groundwater level declines generally correspond to ar@amhandle Tableland; Northern Panhandle Tableland; and
where irrigation well density is high and aquifers are derprtheastern Sand Hills (Fig. 13). Irrigation well density is
and have little or no connection to surface water (Fig. 14jgh is some, but not all, of these areas. Other factors such
The largest groundwater-level declines from predevelopmestaquifer characteristics, rates of recharge, and irrigation
to spring 2012 occurred in the Southwestern Tablelasdthieduling could be contributing to the declines.
and the Panhandle Tablelands. Some smaller areas ofGroundwater-level rises from predevelopment generally
declines occurred in the extreme southern East-Centreturred in areas of surface irrigation systems. Storage of
Dissected Plains and the South-Central Plains. The largester in Lake McConaughy began in 1941, and seepage
rises occurred in Gosper, Phelps, and Kearney Countieksses caused water-level rises of as much as 70 feet in
the South-Central Plains and in the East-Central Disseatedrby observation wells (Ellis and Dreeszen, 1987). Water
Plains: both are areas where canals and surface irrigalévels generally stabilized by about 1950 and since then
systems exist. have euctuated in response to changes in reservoir levels

The predevelopment groundwater levels used and precipitation (Johnson and Pederson, 1984). Water is
the Southwestern Tablelands are representative of rleased from storage in Lake McConaughy, is subsequently
approximate average water levels prior to 1953. Availalleerted from the Platte River near North Platte, and then
data indicate that, as a result of intensive use of groundwabevs through the Tri-County Canal and a series of reservoirs
for irrigation, a general trend of declining water leveteward Dawson, Gosper, Phelps, and Kearney Counties, where
began in about 1966. Predevelopment water levels useil bas been used for irrigation since 1941. Deep percolation
develop the groundwater-level change map in Box Buttewater from these irrigation-distribution systems and from
County are the approximate average water levels priorel@ess water applied to crops has raised groundwater levels
1946. Intensive groundwater development for irrigati@s much as 70 feet (Fig. 13). Groundwater levels have also
since 1950 has caused water-levels to decline 5 to magen in association with seepage from Sutherland Reservoir,
than 70 feet from predevelopment levels (Fig. 13). Recotdtke Maloney, and their associated canals in eastern Keith
from recorder wells in both areas indicate that rates avfd central Lincoln Counties. Rises of as much as 60 feet in
decline have been more or less steady despite changakeNorthern Panhandle Tableland region are also associated
groundwater management practices, water use allocatiovig) irrigation canal systems.
and euctuations in the amount of annual precipitation (see Groundwater-level rises of 10 to more than 60 feet
Korus and Burbach, 2009b and forthcoming section).  occurred in portions of the East-Central Dissected Plains and

A large portion of the South-Central Plains hasortheast Glacial Drift region (Fig. 13). The highest water-
experienced long-term groundwater-level declines sifegel rises occurred in Valley, Sherman, and Howard Counties
predevelopment (Fig. 13). Predevelopment water levatsthe result of seepage from irrigation canals, Sherman and
in this area are generally representative of the approximateis Creek Reservoirs, and deep percolation of irrigation
average water levels prior to 1950. Groundwater levelswater applied to crops. Eastward of that area, rises occurred
large parts of this region have declined more than 10 féetaquifers that are relatively deep, have little connection to
and in some areas more than 20 feet, from predevelopmsuntace water, and have high densities of irrigation wells.
Declines in other areas of the South-Central Plains &veother areas of Nebraska, this combination of factors
at least 5 feet from predevelopment. The declines in this resulted in groundwater-level declines, so the rises in
region, however, are much less severe than in recent yaartheast Nebraska are most likely the result of higher than
(cf. Burbach, 2007). average precipitation spanning several decades.
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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 predevelopmeainerged in Nebraska since 1981 (Fig. 16). In central and
to Spring 1981relect the responses of aquifers to theastern Nebraska, areas in which declines had occurred
development of groundwater and surface water irrigatilmom predevelopment to 1981 experienced rises of "ve
systems in Nebraska. Areas of signi“cant groundwater-let@lmore than 20 feet from 1981 to 2012. This pattern of
declines generally corresponded to areas of dense irrigapoe-1981 decline and post-1981 recovery is observed in
well development (cf. Johnson and Pederson, 198ftany wells, including the Hastings Recorder well, which
Declines were generally equal in magnitude in eastern dnad a continuous record dating to the mid-1930’s, and the
western areas (Fig. 15). The largest areas in which decliAesora Recorder well, which dates to the mid-1950’s (Fig.
occurred were in the Panhandle Tablelands, Southwestefh In areas such as the East-Central Dissected Plains,
Tablelands, South-Central Plains, Platte River Valley, Ealisrtheast Glacial Drift region, and extreme eastern Sand
Central Dissected Plains, and northeast portion of the S&tids, a net rise in groundwater levels has occurred from
Hills. Declines exceeded 30 feet in Box Butte County in tipeedevelopment to 2012 (Fig. 13). Rises in areas such as
Panhandle, Chase County in the Southwestern Tablelamtt] County in the Platte River Valley and Colfax and Dodge
and Clay and Fillmore Counties in the South-Central Plai@ounties in the northern Glacial Drift region erased earlier
Declines occurred in smaller areas of the Republican Rideclines that were similar in magnitude, resulting in little or
Valley and Dissected Plains as well as the Northeast Glacialobservable change today.

Drift region. Almost all groundwater-irrigated areas of Declines in the South-Central Plains reached a maxi
Nebraska experienced declines associated with groundwatam in 1981 and have since recovered such thatgehan
withdrawals. Such declines are a necessary response otthen some areas are now less than "ve feet cadpar
aquifer to development according to laws of hydrologpredevelopment levels (Figs 13, 15, 16). Groundwat
mass balance (see Korus and Burbach, 2009a). levels in most of this area, however, remain beprade-

Groundwater-level rises from predevelopment telopment levels. It is hypothesized that the d®81
Spring 1981 were associated with irrigation canal systeresovery of groundwater levels in central and eashée-
and reservoirs (Fig. 15). The rise in southern Sioux amdska resulted from a combination of factors, udaig
northern Scotts Bluff Counties was associated with seepébereduced groundwater withdrawals during sevkmag
from the Interstate canal system, among numerous smalerods of above-average precipitation, (2) inceeaisri-
systems, and excess water applied to crops beginning ingagon ef'ciencies that resulted in reduced purgpiates
early 20th century. The rise in these counties exceededafil volumes, and (3) stabilization of groundwaésels as
feet in some areas. The rise in Cherry County was associtedaquifer equilibrated to the new hydrologicahditions
with seepage from Merritt Reservoir beginning in the midnposed on it by irrigation development decadedierar
1960s and exceeded 20 feet immediately adjacent to @ee Korus and Burbach, 2009a). Another possiiéae
reservoir. Seepage from Lake McConaughy beginningnation for these rises may be related to increasates of
1941 caused groundwater levels to rise as much as 70 feetbharge. In some areas, a shallow water tabléeaqgs
1981. Reservoirs and canals south of the Platte River, wiselparated from the primary aquifer by a con"niagel.
are used for hydroelectric power production and irrigatiolngigation during the "rst several decades aftev&op-
provided seepage that caused groundwater-levels to nsent was primarily by means of !ooding along rowfs
from eastern Keith County to western Kearney County (s@eps. This method resulted in over-applicatiod deep
discussion in previous section). Water levels began risingoircolation, which thereby recharged the shallowifaq
this area after 1941 and had nearly reached their maximibwidence for this phenomenon is shown in the hydiply
by 1981. In the East-Central Dissected Plains, groundwdtarthe Exeter Recorder Well, which is screenetheashal-
levels began rising in 1963 due to seepage from Sherrtam aquifer (Fig. 17). The steady rise from 19661881
Reservoir, its irrigation-distribution system, and deeap this well corresponds to the steady decline ohegkin
percolation of irrigation water applied to crops. Rises of b@arby wells that are screened in the deep aquiféis
to more than 30 feet occurred in in this area by 1981.  excess water may have served as a source of néargec

Compared to the changes discussed above, a miacthe primary aquifer in areas where the con"rlenger is
different pattern of groundwater-level changes hasf"ciently permeable.
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Alliance Recorder Well - Box Butte County
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Aurora Recorder Well - Hamilton County
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Benkelman Recorder Well - Dundy County
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Hastings Recorder Well - Adams County
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Above-average precipitation resulted in higreaimeows throughout most of the State in 2010.

The eows in Nebraska streams have several diffan water year 2011 (Fig. 18). In water year 2(h#, sow
ent sources. Snowmelt in the Rocky Mountains wést af water on the North Platte River was 253% of 8te
Nebraska provides springtime eows for the PlatigeR year average at the State Line. These high <@sgsilted
as it enters Nebraska. Variations in the amouwiafer in eooding for the city of North Platte, as welk ather
snowpack have a profound impact on dischargessbutsmaller towns along the river. Flows were aboverage
also can the timing and amount of releases fromsdiam in most streams, except for streams in the southpeas of
Nebraska, Wyoming, and Colorado. Runoff from pgoeci Nebraska, various tributaries of the RepublicaneRiand
tation is the source of many of the peak *ows ebkaska the South Platte River at Julesburg, CO. Littlenoreow
streams. Runoff is greatest on soils with lowliration was observed in Lodgepole Creek.
rates and/or high slopes. As such, many streamastern The factors affecting streameows are numerous and
Nebraska have ‘eashy’ discharges characterizedchiglh complex. Nonetheless, groundwater-level declimeart
eows immediately following large precipitation evts. eas where streams are well-connected to aquifees|ba-
Streams with headwaters in the Sand Hills are cbara ered or altogether halted sows to some streamisatherlie
ized by steady eows year-round because high matlon the High Plains Aquifer (Sophocleous, 1998). CGuntid
rates in the sandy soils limit runoff and providmstant monitoring of groundwater-level changes throughNet
groundwater discharge to streams. braska is necessary in order to evaluate and mahage

Average daily streameow values were generally Riglinterconnected resources.
er than the 30-year average for most of Nebrasteeams
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