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. INTRODUCTION
A. Background

In 1984, the Nebraska legislature passed Legislative Bill 1106, which required each
Natural Resources District to prepare a groundwater management plan and submit it to
the Nebraska Department of Water Resources prior to January 1, 1986 (refer to
Appendix 1, §46-673.01). The Lower Elkhorn NRD's original plan was accepted by the
Nebraska Department of Water Resources later that year. The original plan utilized
existing groundwater data to develop policies and programs for groundwater
management. Much of the information applied to the entire Elkhorn River Basin,
therefore, Directors of the Lower Elkhorn NRD and the Upper Elkhorn NRD authorized
joint development of their original Groundwater Management Plans. Many of the
exhibits and much of the text from the original plan contains information pertinent to
both NRDs.

In 1990 through 1991, the groundwater quality portion of the plan was revised and
improved. The plan was updated to reflect the additional water quality programs and
policies that had been adopted by the district.

The legislature then required all districts to amend the groundwater quality sections of
their plans with Legislative Bill 51 in 1991 (refer to Appendix 1, §46-673.14). These
amendments required additional information and policies that would identify the levels
and sources of groundwater contamination and would develop long term solutions to
stabilize, reduce, and prevent groundwater contamination. This prompted a change in
the organizational structure of the plan to a format suggested by Nebraska Department
of Water Resources and Nebraska Department of Environmental Quality (refer to
Appendix 1).

The groundwater management plan is used in conjunction with other Lower Elkhorn
NRD plans to manage the groundwater resources of the district. Review letters of
previous submittals and public comment summaries appear in Appendix 3. The plan is
actually a detailed portion of the district's Master Plan. The district's Long Range Plan
details the implementation of the groundwater management plan on a one and five year
basis. An example of the groundwater management portion of the Long Range Plan
appears in Appendix 5.



The Lower Eikhorn NRD groundwater management plan will never be complete. As
more is learned about the groundwater in the district, and as the legislature addresses
issues concerning groundwater and NRDs, the plan will continue to grow and improve.
The plan will also be revised when unforeseen events occur and when perceptions
regarding groundwater resources change.

The groundwater management plan is not intended to be a document that states
specific rules and regulations that will dictate the management of the district's
groundwater. The plan serves as a foundation for decision-making; it is a guide for the
NRD to use in managing the groundwater resources within the district. Section VII of
the plan states the NRD's policies, goals, objectives that are used to guide groundwater
management. The district utilizes a proactive, education-based approach to protect
groundwater resources, encouraging the voluntary use of intelligent and practical
management practices by groundwater users. Section VIl also outlines the regulatory
actions that the district will take when groundwater quantity or quality problems arise.
These actions are designed to be flexible so that the Lower Elkhorn NRD Board of
Directors may adapt the actions to solve unforeseen problems when needed; and are
specific enough that the public and the NRD will know when regulatory actions will be
implemented. Tables | - 1 and | - 2 summarize the district's mechanisms to trigger
actions for the protection of groundwater quantity and quality, respectively.



Table!- 1.

TRIGGER CRITERIA

1st Action Level
(Hydrogeologic Study)

2nd Action Level
(Management Area)

Groundwater Quantity Pi. ._ction Summary : Triggers and Controls

3rd Action Level
(Control Area)

Groundwater elevation.

1st Action Level initiated when any
well in the district monitoring program
drops 15 feet below estimates of
predevelopment elevations for that
area for 2 years in any 3 year period.
The area monitored will be a minimum
of 10 square miles in size.

2nd Action Level initiated when 80%
of the sites monitored in Action Level
1 drop 15 feet below estimates of
predevelopment elevations for that
area for 3 out of any 4 year period.
The area affected must be a minimum
of 10 square miles in size.

3rd Action Level initiated when 80% of
the sites monitored in the
management area drop 20 feet below
estimates of predevelopment
elevations for that area for 3 out of
any 4 year period. The area affected
must be a minimum of 10 square
miles in size.

ACTIONS AND CONTROL MEASURES?

Education and information.

MZ

MZ

|Citizen advisory committee.

M2

M2

Intensify monitoring.

MZ

MZ

Determine control measures required.

2 ==

DZ

Start the process of establishing a .
groundwater management area.

Require volume metering of wells.

Require annual reports.

Allocate water among users.

Adopt a system of rotation.

Adopt well spacing requirements.

Require water meters.

Require 'best management practices'.

O|0|0|0|0|0(Z2E

0|0|0|0|0/0|1=2|K

Require reduction of irrigated acres.

Begin the process of establishing a
control area by requesting the NDWR to
conduct a hearing.

=

Close the area to new wells.

Adopt other reasonable rules.

0|0

1M = Mandatory actions.

D = Actions performed at the discretion of the Board.

2 Performed as part of the 1st Action level and will be continued if further study is necessary.






Table -1a. The Maximum Number of Years Required for the Establisi....ent of Management and Control Areas for Groundwater Quantity F, ..ection

Maximum time required for implementation of management and control areas

The number of feet below
predevelopment estimate for a
single well in the district's
groundwater level monitoring
Year |program (for example)

2001 15.50
2002 10.50
2003 15.05 Action Level 1 is triggered, increase the number of wells monitored in the area

Percent of wells monitored as
part of Action Level 1 that are 15
or more feet below
predevelopment estimates (for

example)
2004 86%
2005 82%
2006 65%
2007 81% Action Level 2 is triggered, begin management area process and continue monitoring as in Action Level 1

Percent of wells monitored as
part of Action Level 1 that are 20
or more feet below
predevelopment estimates (for

example)
2008 78%
2009 82%
2010 84%
2011 86% Action Level 3 triggered, begin control area

3a



Table 1-1b.  The Minimum Number of Years Required for the Establishment of Management and Control Areas for Groundwater Quantity Protection

Minimum time required for implementation of management and control areas

The number of feet below
predevelopment estimate for a
single well in the district's
groundwater level monitoring
Year program (for example)

2001 15.50
2002 15.05 Action Level 1 is triggered, increase the number of wells monitored in the area

Percent of wells monitored as
part of Action Level 1 that are 15
or more feet below
predevelopment estimates (for

example)
2003 86%
2004 82%
2005 81% Action Level 2 is triggered, begin management area process and continue monitoring as in Action Level 1

Percent of wells monitored as
part of Action Level 1 that are 20
or more feet below
predevelopment estimates (for
example)

2006 82%

2007 84%

2008 86% Action Level 3 triggered, begin control area




Table1-1. Groundwater Quality Pr.  .tion Summary : Triggers and Controls

1st Action Level 2nd Action Level 3rd Action Level

TRIGGER CRITERIA

Groundwater contamination.
(Percentage of Maximum Contaminant 50 Percent 75 Percent 90 Percent
Level)

ACTIONS AND CONTROL MEASURES SPA Management Area

Education and information. X X X X

Voluntary best management practices X X X X

Intensify monitoring and conduct X* . .
hydrogeologic study. X X

Determine control measures required. : xX* xX* X"

Start the process of establishing a ‘ X
groundwater management area.

-or-
Begin the Special Protection Area ] ) X
process.

Require participation in educational
classes.
Require 'best management practices’.

1. lrrigation scheduling.

2. Proper pesticide application.

XUX[X[X| X

3. Ban fall fertilizing of sandy soils.

4. Require the use of nitrogen
inhibitors.

Require annual reports from X
groundwater users.

Require analysis of irrigation water.

Require analysis of soils.

Allocate water among users.
Adopt a system of rotation.

Adopt well spacing requirements.
Require flow meters on wells.
Require reduction of irrigated acres.

XXX |XIX|XIX] X | X [X]XxIx|Xx

* Performed as part of the 1st Action level and will be continued if further study is necessary.




B. Reservoir Life Goal

An abundance of groundwater is available in most of the Lower Elkhorn NRD, however,
the eastern part of the district has areas of poor quality, quantity or both. At this time
the primary hazard to the groundwater reservoirs appears to be pollution or
degradation of groundwater quality. The proposed groundwater reservoir life goal for
the Lower Elkhorn NRD is as follows:

"PROVIDE AN ADEQUATE SUPPLY OF ACCEPTABLE QUALITY GROUNDWATER
TO FOREVER FULFILL THE REASONABLE GROUNDWATER DEMANDS WITHIN
THE NRD FOR DOMESTIC, MUNICIPAL, AGRICULTURAL, INDUSTRIAL, WILDLIFE
AND OTHER USES DEEMED BENEFICIAL BY THE NRD BOARD."

This goal shall apply to the following groundwater reservoirs as illustrated on Exhibit 4:

1. Sandhills

2. Dissected Plains

3. Glacial Drift, including these subregions--
a. Sandy Till Plains
b. Alluvium
¢. Sandhills



C. Accomplishments

Since its original plan was drafted in 1986, the Lower Elkhorn NRD has concluded
several objectives and developed many useful programs. The district groundwater
quantity and quality monitoring programs have been successful in detecting
groundwater problems and trends. The district has developed a rural water system that
is used by over 450 households and businesses in the eastern portion of the district
and is expanding to accommodate an additional 500 users. A full-time Water
Resources Manager position was created in 1991 in response to the many water
resources issues facing the district. The district well sealing program has helped
protect groundwater quality by sealing over 300 abandoned wells in its first year
(1992). The district passed motions in late-1992 and mid-1993 to begin the process of
establishing a groundwater management area and to include the entire district in the
area in order to remediate existing areas with nonpoint source nitrate-nitrogen
contamination and to protect future problems from arising. The management area will
also address other potential nonpoint source groundwater pollution.

The Lower Elkhorn NRD works with other agencies to protect groundwater resources.
The district sponsors nitrogen management demonstration plots in cooperation with the
University of Nebraska and participates in the Bazile Triangle Water Quality Special
Project with the U.S. Department of Agriculture. Through a cooperative agreement with
the U.S. Geological Survey, information was assembled to help the district evaluate
groundwater vulnerability in the district (see Insert Il - 1). The NRD also benefits from
sharing office space with the Nebraska Department of Water Resources and the
University of Nebraska Conservation and Survey Division.






Il. HYDROGEOLOGIC CHARACTERIZATION

A. Aquifer Descriptions
1. General Description

The Lower Elkhorn Natural Resources District comprises approximately 4,000
square miles (2,560,000 acres). The entire Elkhorn River Basin is agricultural in
character. The population of the Lower Elkhorn NRD is approx|mately 90,700
persons, according to 1990 census figures.

The Elkhorn River rises in Rock county and flows generally east-southeast to
Cuming county where it veers to a generally south-southeast direction which it
follows to it confluence with the Platte River in northern Sarpy county. The river
has a total valley length of approximately 335 miles. The area of the basin totals
approximately 7,000 square miles or 4,480,000 acres (Exhibit 1). Surface
elevation in the Elkhorn River Basin ranges from approximately 2,700 feet to
approximately 1,100 feet above Mean Sea Level (Exhibit 2; Figure 5 of Insert Il -
1). Principal tributaries include the South Fork (333 square miles), the North
Fork (861 square miles), Maple Creek (416 square miles), Logan Creek (1,052
square miles), and Union Creek (357 square miles). The river drains all of
Wayne, Stanton and Cuming counties and portions of 21 other counties.

The climate of the Elkhorn River Basin is transitional between the humid east
and the semi-arid western plains. The Lower Elkhorn NRD lies mostly within a
belt of moist-subhumid climate. The entire basin is generally well suited for
raising livestock and growing feed and grain crops. The spring months are cool,
normally with considerable rain. Summers are hot and relatively dry. Autumn is
generally pleasant with occasional rains, and winters are cold with significant
precipitation in the form of snow.

Average annual precipitation ranges from approximately 29 inches in the lower
reaches of the Elkhorn River Basin to approximately 21 inches in the upper
reaches (Exhibits Nos. 7 and 8; Appendix 3; and Insert |l - 1). Normally 65
percent to 67 percent of the annual precipitation occurs during the growing
season between May and September (Exhibit 9; Insert Il - 1). The average



number of frost free days is approximately 160 with average annual temperature
being about 50 degrees Fahrenheit.

A groundwater reservoir is an aquifer or group of aquifers which can be used as
a source of water. The volume of a groundwater reservoir is determined by its
geographic area, the saturated thickness of the water bearing material, and the
texture of the material (Exhibits 10, 12 and 13).

The Elkhorn River Basin is characterized by three geographic regions which
were described by Condra and Reed and updated by E.C. Reed (Reed, 1969;
Exhibits 3 and 4). For purposes of this plan, these regions have been
designated as groundwater reservoirs:

The Sandhills region is located in the upper reaches of the basin in Rock,
Holt, Wheeler, Antelope and western Pierce counties. The surface mantle of
the region consists primarily of sandy, highly permeable soils which readily
accept precipitation. Groundwater is plentiful in the Sandhills region and
high capacity supply wells are readily obtained (Exhibit 6).

The East Central Dissected Plains region lies adjacent to and just east of the
Sandhills region. The region comprises portions of Pierce, Madison, Platte,
Boone and Antelope counties. The boundary between the Lower Elkhorn
NRD and the Upper Elkhorn NRD on the east line of Antelope county
essentially bisects the geographic region. The surface mantle of the region
consists of loess soils of moderately low permeability which overlie
Pleistocene age silt, sand and gravel. At this time groundwater supply wells
of sufficient capacity for irrigation and other uses are readily obtained in the
region (Exhibit 6).

The Northeast Nebraska Glacial Drift region comprises the remainder of the
Elkhorn River Basin. The surface mantle is made of generally loessial soils
which overlay glacial till. The Glacial Drift region is interspersed with
Sandhills, Sandy Till Plains, and Alluvial Subregions. The availability of
groundwater supply varies greatly in this region. Wells of sufficient capacity
for irrigation exist in some areas of the region, but groundwater yield is very
limited in most areas (Exhibit 6). A few wells in the region obtain water from
the underlying Dakota sandstone formation. The water typically is highly
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mineralized and is used only where other sources of supply are not available.
Existing information on suitability of the Dakota formation as a water supply
source is limited at this time. A general description of these subregions
follows:

The Sandhills Subregion is located in Stanton county and is similar to the
Sandhills region described earlier. Soils have a coarse texture and are
highly permeable.

The Sandy Till Plains Subregions are characterized by gently rolling
topography with valleys in a northwesterly direction. In most areas soils are
extremely sandy and permeable, but in a few places, clayey glacial till is
exposed at the ground surface, and soil permeability is low. Groundwater
is abundant and high capacity wells are readily obtained.

The Alluvial Subregions consist of areas only % to two miles wide along all
major streams of the Lower Elkhorn NRD. Topography is very flat, with the
only local relief consisting of stream meander scars and small sand dunes
several feet high. Groundwater availability and soil permeability are highly
variable.

2. Physical Characteristics

An aquifer is defined as any water-bearing stratum of rock or sediment capable
of yielding supplies of water. Groundwater occupies the pore spaces of aquifer
materials. '

Hydraulic conductivity is a measure of the speed that water moves through an
aquifer. If the pore spaces in the formation are large and well connected, such
as in sand and gravel, the hydraulic conductivity is large. Conversely, if the pore
spaces are small and not well connected, such as in silt and clay, the hydraulic
conductivity is small.

Transmissivity is the rate at which an aquifer transmits water. (Exhibit 14).

Transmissivity can be estimated by multiplying the hydraulic conductivity by the

saturated thickness of an aquifer system. For example, the hydraulic

conductivity may be large, but if the saturated deposits are thin, the aquifer may
9



yield relatively small quantities of water to wells. Conversely, if the hydraulic
conductivity is small, but the saturated deposits are thick, the aquifer may vyield
relatively large quantities of water to wells.

Specific yield is the ratio of the volume of water which a subsurface material will
yield by gravity to the volume of the subsurface material itself (Exhibit 15). If the
specific yield and saturated thickness of a groundwater reservoir are known, the
volume of groundwater in storage can be estimated (Exhibits 13, 15 and 16).

Depth to groundwater in the district ranges from a few feet to more than 200 feet
below the land surface (Figure 7 of Insert Il - 1). Depth to groundwater in the
alluvial materials of stream flood plains is generally within 10 feet of the land
surface.

Groundwater moves from higher to lower elevation at right angles to the water
table contours (Exhibit 10). Generally, the direction of groundwater movement is
toward the streams.

a. Groundwater Regions

1). Sandhills - In the Lower Elkhorn NRD, the western one-third of Pierce
county and a small portion of northwest Madison county are in the Sandhills
region (Reed, 1969; Exhibit 4). A small Sandhills subregion exists in Stanton
county in the Glacial Drift region.

The principal aquifer of the Sandhills region includes the Ogallala formation
of the Tertiary geologic period and the overlying sand and gravel deposits
from the Quaternary period (Exhibits 4a and 5).

‘The surface soils of the Sandhills region are highly permeable and virtually
all precipitation either percolates into the groundwater or is discharged
through evapotranspiration (Exhibit 3; Figures 3 and 4 of Insert Il - 1). The
precipitation which percolates to the water table is discharged as
groundwater seepage to streams.

General hydrogeologic characteristics of the Sandhills are indicated on
Exhibits 3, 4, 4a, 5,6, 7, 8, 9, 10, 13, 14,15, and 16.
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2). East Central Dissected Plains - All of Madison county except the
northern and eastern edges are in the East Central Dissected Plains region
(Reed, 1969; Exhibit 4). The region is mantled with loess soils which have
been dissected by erosion. The thickness of the loess mantle varies from
over 100 feet to zero feet where stream erosion has cut through it (Exhibit 5).

The loess mantle is underlain by saturated Pleistocene deposits of sand and
gravel with layers of clay and silt. The Pleistocene deposits are the principal
aquifer of the region and generally exceed 100 feet in saturated thickness. In
some areas the Pleistocene sands and gravels are underlain by a relatively
thin layer of Ogallala formation. In other areas the Pleistocene deposits lie
directly on nearly impermeable Cretaceous bedrock which is the base of the
principal aquifer in the East Central Dissected Plains region.

The loess mantle is characterized by moderately slow permeability (Exhibit 3;
and Figures 3 and 4 of Insert Il - 1). Nearly all of the precipitation falling on
the region is discharged through evapotranspiration or as surface runoff.
General hydrogeologic characteristics of the Dissected Plains are indicated
on Exhibits 3, 4, 43, 5, 6, 7, 8, 9, 10, 13, 14, 15, and 16.

3). Glacial Drift - The Northeast Nebraska Glacial Drift region of the Elkhorn
River Basin is located mostly in the Lower Elkhorn NRD (Reed, 1969; Exhibit
4). The region also covers part of the Lower Platte North NRD and nearly all
of the Papio-Missouri NRD.

The Glacial Drift region formed from glacial till. It consists mostly of
nonstratified siity clay mixed with pebble to boulder size rock fragments.
Glacial till occurs nearly everywhere in the region but varies from a few feet
to over 300 feet in thickness (Exhibit 5). Because of the heterogeneous
nature of glacial till, characterizing the hydrogeologic make-up of this region
is complex. The region is mantled with loess except in the Alluvial, Sandhills,
and Sandy Till Plains subregions (Exhibit 4).

Lenses of sand and gravel are scattered throughout the region. There are
extensive areas where material suitable for well construction is nonexistent.

Where wells can be developed in such areas, they are of small capacity. In
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other areas sufficient sand and gravel deposits exist to provide well yields in
the 700 to 1,200 gallons per minute range.

The Glacial Drift region includes a number of subregions. The subregions
are identified as Alluvial, Sandy Till Plains, and Sandhills (Exhibit 4).

a). The Sandy Till Plain Subregions are characterized by gently rolling
topography with valleys in a northwesterly direction. In most areas soils
are extremely sandy and permeable. But in a few places clayey glacial till
is exposed at the ground surface, and soil permeability is low. The Sandy
Till Plain consists of two segments. One segment comprises about 65
square miles in Pierce, Madison, Stanton and Wayne counties; and the
other segment includes about 30 square miles in Cuming and Dodge
counties. In the northern segment the Quaternary sediments overlie the
Cretaceous Niobrara chalky shale. In the southern segment they overlie
the Cretaceous Dakota shaley sandstone. The Quaternary sediments
include gravels (up to 100 feet thick) at the bottom, tills near the top, and
several feet of wind deposited sand covering most of the land surface.

Groundwater is abundant, and although static levels are as much as 150
feet below ground surface, drawdowns are generally only a few feet in
large capacity wells. The glacial tills are clayey and might be expected to
retard the downward migration of agrichemicals, but high groundwater
nitrate concentrations (greater than 10 milligrams per liter) have been
documented in this area (Hanson, 1983; Alix, 1987; Gosselin, 1990;
Appendix 4; Exhibit 17a; Reference 376).

b). The Alluvial Subregions consist of areas only 4 to two miles wide
along all major streams of the Lower Elkhorn NRD. Topography is very
flat, with the only local relief consisting of stream meander scars and
small sand dunes.

Soils are generally subirrigated, but vary greatly in permeability. The
stream deposited sands, silts and gravels are generally 20 to 150 feet
thick. Throughout most of the Lower Elkhorn NRD these materials have
been deposited into glacial till, early Pleistocene gravel, and even into
Cretaceous bedrock.
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Groundwater availability is highly variable. Static groundwater levels are
only 5 to 30 feet below ground surfaces, but drawdowns in large capacity
wells may be over 100 feet. Natural water quality is poor in many places
due to the abundance of buried ancient vegetation in the alluvium. In
addition, the high groundwater table reduces the natural purification of
recharge water, hence this region is vulnerable to groundwater pollution
by agrichemicals (Reference 376).

c). The Sandhills Subregion is located just south of the Elkhorn River in
Stanton county. The characteristics of the Subregion closely resemble
those of the Sandhills region described previously.

The entire Glacial Drift region is underlain by Cretaceous bedrock which
consists of stratified layers of Pierre shale, Niobrara chalk, Carlisle shale,
Greenhorn limestone, Graneros shale and Dakota sandstone. Near the
eastern boundary of the Lower Elkhorn NRD the upper layers of Cretaceous
rock are nonexistent or relatively thin.

In parts of Dodge, Cuming, Colfax, Thurston and Burt counties, glacial till lies
directly on the Dakota sandstone formation. The sandstone is saturated and
low to medium-capacity wells have been successfully developed in the
Dakota formation.

General hydrogeologic characteristics of the Glacial Drift region are in
Exhibits 3, 4, 4a, 5, 6, 7, 8, 9,10, 13, 14, 15, and 16.

b. Aquifers

Aquifers in the Lower Elkhorn NRD consist of water bearing rock formations
from the Quaternary, Tertiary, and Cretaceous geologic periods (Exhibits 4a
and 5). The upper surface of the Cretaceous rocks is generally the base of
the principal aquifer system (Exhibit 12). The principal aquifers above the
Cretaceous rocks consist primarily of the Ogallala formation of the tertiary
geologic period and the overlying sand and gravel deposits from the
Quaternary period.

13



C.

The Ogallala Formation is part of the High Plains Aquifer and consists of
saturated sand and sandstone with intermixed layers of clay, silt and
siltstone. It varies from nearly 400 feet in thickness in western Holt county in
the Upper Elkhorn NRD to approximately 50 feet in thickness at the eastern
edge of the Sandhills region in western Pierce county in the Lower Elkhorn
NRD. In the Lower Elkhorn NRD the Ogallala Formation exists only in the
western portion of the District (Exhibits 4a and 5).

The Quaternary deposits are part of the principal aquifer system in the Lower
Elkhorn NRD. The Quaternary aquifers consist of saturated Pleistocene and
Holocene sands and gravels. The aquifers exist over much of the Lower
Elkhorn NRD, but the thickness varies greatly and the aquifer is virtually
nonexistent in large areas of the Glacial Drift region. The sand and gravels
lie above the Ogallala aquifer where it exists. In other portions of the District,
the Quaternary deposits lie directly on the Cretaceous bedrock. In the
Glacial Drift region, sand and gravel deposits are scattered in the glacial till.

The Cretaceous formations include the Pierre shale, Niobrara chalk, Carlisle
shale, Greenhorn limestone, Graneros shale, and the Dakota sandstone.
The Niobrara chalk and the Dakota sandstone formations have some
potential for development as secondary aquifers.

The Niobrara chalk formation directly underlies Quaternary deposits in the
vicinity of Norfolk and in both Wayne and Cedar counties (Exhibit 4a). The
Dakota sandstone formation directly underlies glacial till in the eastern
portion of the District.

Some existing wells in the District draw water from the Niobrara or the
Dakota formations. Specific information on the formations is limited,
especially for the Dakota formation. Development of the Dakota formation
may be of value in areas where no overlying aquifer exists. Additional
research and test drilling is needed to determine if development is feasible.

Groundwater Level Fluctuations

The Lower Elkhorn NRD has monitored groundwater levels (the depth to
groundwater from the ground surface) in the spring and fall of each year
14



since 1976. Fluctuations have occurred in the short term (1 to 5 years), but
an overall, long term trend of either rising or declining groundwater levels has
not been detected. Appendix 2 summarizes the spring groundwater level
information collected by the district from 1976 through 1993, and contains
graphs of the readings for each individual well. Further information for
individual wells is available at the Lower Elkhorn NRD office.

d. Stream-Aquifer Relationships

The Elkhorn River is fed by groundwater seepage for nearly its full length
(see Insert Il - 1, page 28). There is some evidence that the river may
provide some groundwater recharge between Oakdale and Meadow Grove.

The Sandhills region in the upper reaches of the basin contributes little runoff
to streams, so virtually all flow in the river and its tributaries upstream from
the North Fork results from groundwater seepage. The North Fork enters the
Elkhorn River just east of Norfolk. Downstream from the North Fork
intermittent surface runoff from the loess mantled Glacial Drift region of the
basin adds significantly to the total flow in the river. Groundwater seepage to
lower reaches of tributaries downstream from the North Fork does occur but
is relatively small compared to surface runoff.

In 1991, a report issued from the University of Nebraska - Lincoln suggests
that Willow Creek Reservoir in Pierce county is in hydraulic connection with
groundwater in the area (Spalding, 1992). This report, funded by the district
and the U.S. Environmental Protection Agency as part of the Clean Lakes
Program, concludes that nutrient control in the lake would be difficult to
accomplish with conventional watershed management techniques since the
phosphorus in the lake is occurs naturally in the area groundwater.

B. Vulnerability Description

1. The Nebraska Department of Environmental Quality and the University of
Nebraska Conservation and Survey Division produced a map depicting the
relative vulnerability of groundwater to contamination. This map was generated
by a model called DRASTIC, which uses 'hot' colors to show highly vulnerable
drastic areas and 'cool' colors to show areas of low vulnerability. The model
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assumes that the contaminant applied on the surface and is water-miscible.
Figure Il - 1 shows the general vulnerability of groundwater to a surface applied,
water soluble contaminant. The model uses the following criteria to estimate
vulnerability:

a. Depth to water. }

b. Net recharge to the aquifer.

c. Aquifer media.

d. Soil media.

. e. Topography.

f. Impact of the vadose zone.

g. Hydraulic conductivity of the aquifer.

The following is a listing of the amount of land in each DRASTIC classification:

Vulnerability

Classification Area (acres) Percent

Low 1 - 225 0.03
2 376,275 58.24
3 104,300 16.14
4 83,625 12.94
5 53,300 8.25
6 21,350 3.30
7 6,975 1.08

High 8 0 0.00

This model shows that the area west of Norfolk along the Elkhorn River is the
most vulnerable area in the district (and is among the most vulnerable areas in
the state). The rest of the area along the Elkhorn River, the area in Pierce
county along the North Fork and the area along Logan Creek are also relatively
vulnerable.
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2. The U.S. Environmental Protection Agency conducted a nation-wide survey for
groundwater contaminants and in this process rated groundwater vulnerability to
pesticide contamination (Figure Il - 2). This was accomplished by combining the
relative quantity of pesticides applied (on a county-wide basis) with the
DRASTIC model. Most of the district is rated as 'high pesticide use, low
vulnerability'.

Pierce county is rated as 'high pesticide use, medium vulnerability’. This is
useful information since nitrate-nitrogen contamination has been documented
since the early 1980's in Pierce county, and the district can target pesticide
screening for this area in the future.
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Figure II
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Thirteen rural domestic water system wells were
sampled in Nebraska These wells are indicated
on the map by a circle, "o". Depicted wells on
the map may include more than one well.

Depicted wells are based on zip codes and are
not a representation of the exact well location.

1.




3. The Lower Elkhorn NRD entered a cooperative agreement with the U.S.

Geological Survey to assemble existing information for the purpose of evaluating

groundwater vulnerability. The report generated by this agreement appears in
Insert I - 1.
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CONVERSION FACTORS AND VERTICAL DATUM

Multiply by To obtain

acre 4,047 square meter
degree Fahrenheit (F) (F-32)/1.8 degree Celsiué (O
foot 0.3048 ' meter

gallon per minute 0.06309 liter per second
inch 25.40 millimeter

inch per hour 25.40 millimeter per hour
mile 1.609 kilometer |
pound 453.6 gram

square mile 2.590 square kilometer
ton 0.9072 megagram

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.



VULNERABILITY DESCRIPTION

surficial | Vadose-Z D it
Topography

The topography within the Lowéf Elkhorn Natural Resources District (NRD) generally
consists of rolling hills with moderate to steep slopes and rounded ridge crests. The maximum
topographic relief is about 750 feet.

The topography of the NRD has been mapped on all or part of 92 U.S. Geological Survey 7.5~
minute topographic quadrangles. Most mapping was done during the 1960’s and was completed by
1974 (table 1). Photo-revisions of 18 of the mapped topographic quadrangles have also been
published (table 2). Also, orthophotoquads of 10 quadrangles were completed in 1977.

Table 1. -- Number of topographic maps by year of publication

Number of quadrangles Year quadrangle was published

31 1963
36 1966
1967
1968
1970
1971
1974

W O W b O

Table 2. -- Number of photo-revised topographic quadranglés by year of publication

Number of quadrangles Year quadrangle was published

1 1975
7 1976
1 1977
1 1983
8 1985

Natural recharge areas and slopes are discussed in the next section.



Surficial Soil Description

General information

Information on soil descriptions, soil chemistry, soil physics, and soil mineralogy are
available from four different sources: soil surveys published by the U.S. Department of Agriculture,
Soil Conservation Service in cooperation with the University of Nebraska Conservation and Survey
Division, the National Soil Survey Center-Soil Survey Laboratory research database (NSSC-55L), a
U.S. Geological Survey publication of the hydrological characteristics of Nebraska soils (Dugan,
1984), and unpublished information from the Concord Station, Department of Agronc;my, Institute
of Natural Resources, University of Nebraska-Lincoln.

_Soil surveys.--Soil surveys are a series of county reports (U.S. Department of Agriculture,

1993). The most recent soil surveys of counties in the Lower Elkhorn NRD are listed in table 3 and

are included in the reference section of this summary.

Table 3. -- List of most recent soil surveys of counties in the Lower Elkhorn Natural Resources
District (U.S. Department of Agriculture, 1993)

Soil surveys Year of publication
Soil survey of Antélope County 1978
Soil survey of Burt County 1980
Soil survey of Cedar County 1985
Soil survey of Colfax County 1982
Soil survey of Cuming County 1975
Soil survey of Dakota County 1976
Soil survey of Dixon County 1978 -
Soil survey of Dodge County 1979
Soil survey of Knox County 1930
Soil survey of Madison County 1984
Soil survey of Pierce County 1976
Soil survey of Platte County 1988
Soil survey of Stanton County 1982
Soil survey of Thurston County 1972
Soil survey of Wayne County 1975




The soil surveys describe many soil properties directly affecting land use and which may
indirectly affect the water quality of underlying aquifers. Soil associations have a distinct pattern of
soils, relief, and drainage. However, within any one association a large diversity of slopes, depth of
soil profile, drainage, and other characteristics can exist. The soil associations are illustrated on
general soil maps. The soil survey reports also list the soil mapping units and their properties and
illustrate their geographic distribution on maps.

Each soil association is described in the soil surveys. Information contained in the surveys
includes a description of the soils, thei; location, and a discussion of the management of the soils for
specific uses. The steepness, length, and shape of the slopes; the general drainage pattern; the crops
and native plants; and the kinds of bedrock also are described in the surveys.

Tables commonly included in the soil surveys summarize the following information:

Temperature and precipitation,

Freeze dates in spring and fall,

Growing season,

Acreage and proportional extent of the soils map units,

List of soils considered prime farm land,

Land capability classes and yields per acre of crops and pasture,

Capability classes and subclasses,

Water management,

Engineering index properties,

Physical and chemical properties of the soil such as depth, percent clay, moist bulk

density, permeability, available water capacity, soil reaction (pH), salinity, shrink-swell

potential, erosion factors, and organic matter, '

. Soil and water features such as flooding frequency, depth to water table, and risk of

corrosion,

12. Engineering test data such as grain size distribution, liquid limit, plasticity index, and
specific gravity, and,

13. Soil classification.

SPPNAD R W=
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NSSC-SSL research database.—The National Soil Survey Center--Soil Survey Laboratory
(NSSC-5SL) research database of the Soil Conservation Service in Lincoln, Nebraska, provides soil
descriptions, and chemical, physical, and mineralogical information of the pedons in table format.
Table 4 (in appendix A) lists selected laboratory characterization data elements available from the
NSSC-SSL research database. Descriptions, characterization data, or mineralogy from the NSSC-
SSL research database are available on the following soil series that occur in the Lower Elkhorn

NRD:



Alcester, Anselmo, Aowa, Belfore, Blyburg, Bon, Burchard, Carr, Crofton, Gayville,
Geary, Hastings, Hobbs, Holdrege, Hora, Lamo, Lamoure, Lawet, Leshara, Lutor,
Mariaville, Maskell, Moody, Napa, Nora, Omadi, Ortello, Orwet, Paka, Redstone,
Sharpsburg, Shell, Steinauer, Thurman, and Variant.
Other sources.~Dugan (1984) describes the hydrologic characteristics of the soil associations
present in the Lower Elkhorn NRD. The hydrologic characteristics of these soil associations are
discussed below. In addition, limited information, mainly on soil fertility, can be obtained from the

Concord Station of the Department of Agronomy, University of Nebraska-Lincoln.

Soil descripti

Within the Lower Elkhorn NRD, 27 soil associations were identified (fig. 1). The most
important soil associations in the area are the Nora-Crofton-Moody, Moédy—N ora-Judson, Nora-
Moody-Judson, Kennebec-Nodaway-Zook, and Thurman-Boelus-Nora Associations covering
approximately 21, 20, 13, 11, and 9 percent of the surface area of the NRD, respectively (fig. 1). The
Nora-Crofton-Moody Association occurs mainly in the western half of the NRD. The Moody—Nora-
Judson Association occurs mainly in the eastern third of the NRD and is surrounded by the Nora-
Moody-Judson Association to the west and north. The Kennebec-Nodaway-Zook Association
occurs mainly along the reaches of Logan and Maple Creeks, the Elkhofn River, and their tributaries.
Finally, the Thurman-Boelus-Nora Association occurs mainly along the Elkhorn River and in the
northwestern part of the NRD. The Marchall-Ponca and Steinauer-Pawnee-Burchard Associations

occur in very small areas in the NRD and cannot readily be seen on figure 1.
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Using the soil classification of the U.S. Soil Conservation Service, the main soil order présent
in the Lower Elkhorn NRD is the Mollisol. Mollisols are characterized by thick surface horizons with
well-developed, dark-colored (rich in organic matter) A and B horizons; high base saturation
(percentage of cation-exchange capacity saturated with calcium, magnesium, sodium, and
potassium); and a granular structure. Most Mollisols in the area belong to the Ustoll Suborder. This
group of Mollisols occurs in areas, such as the NRD, with a warm-to-hot growing season that is
intermittently dry for short periods (Dugan, 1984). Another important soil order present in the NRD
is the Entisol. Soils of this order are not well developed and have thin or light-colored (low in
organic matter) A horizons. The soil profile of the Entisol generally is limited to A and C horizons.
These soils generally have lower base saturations. Most Entisols in the area belong to the Aquent,
Fluvent, Orthent, and Psamment Suborder. The most important soil suborders present in the Lower

Elkhorn NRD and their parent material are listed in table 5.

Table 5. -- Soil orders and suborders and their parent material present in the Lower Elkhorn
Natural Resources District (U.S. Department of Agriculture, 1993)

Soil order Soil suborder Parent material
Mollisol Ustoll Loess, glacial till, alluvium, and eolian sand
Mollisol Aquoll Alluvium
Entisol Orthent Glacial till and loess
Entisol : Fluvent Alluvium
Entisol Psamment Eolian sand
Entisol Aquent Alluvium

Narrative descriptions of 11 of the 73 pedons collected by the National Soil Survey
Laboratory exist. Pedon descriptions include pedon name, soil survey number, location,
physiography, geomorphologic position, microrelief, slope, drainage, stoniness, erosional or
depositional character, parent material, classification, land use, elevation, sample date, and
description of horizons. Horizon descriptions include thickness, color, texture, structure, pH, and

description of horizon boundary.
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Soil physical and chemical ct teristi

Soil physical properties include bulk density, permeability, porosity, shrink-swell potential,
slope, structure, texture, and available water capacity. These properties are listed and described by
soil mapping unit in the soil surveys. )

Soil chemical properties include acidity (pH); cation exchange capacity (CEC); electric
conductivity; total sulphur; extractable aluminum, manganese, and iron; extractable bases of
calcium, magnesium, potassium, and sodium; extractable phosphorous, surface area (SA), total
nitrogen, total organic carbon, and water content. _

Soil chemical and physical data exist on 41 of the 73 pedons collected by the NSSC-SSL. The |
data include information on (1) bulk density, (2) cation-exchange capacity (CEC), (3) electric
conductivity, (4) extractable aluminum, manganese, and iron, (5) extractable bases of calcium,
magn&siuni, potassium, and sodium, (6) extractable phosphorous, (7) pH, (8) organic carbon
content, (9) total nitrogen, (10) total sulphur, and (11) water content. However, available data on
most of the pedons are limited to extractable bases, organic matter content, pH, total nitrogen, and
water content.

Available water capacity.—Available water capacity is the quantity of water a soil is capable
of storing for use by plants and indirectly provides information on the leaching poten'tial of
dissolved contaminants in soil water. The water capacity is given in inches of water per inch of soil
for each major soil layer. The factors affeéting water capacity include organic matter content, soil
texture, bulk density, and soil structure.

In the Lower Elkhorn NRD the available water capacity ranges from 0.07 to 0.21 inches per
inch (fig. 2). Lowest available water capacity is found in soil with sandy alluvium and eolian sand as
parent material. Highest available water capacities generally occur in soils with loess and silty
colluvium as parent material. Areas with low available water capacity (areas shown in purple on fig.
2) generally are more vulnerable to groundwater contamination than areas with high available water

capacity (areas shown in yellow on fig. 2).
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Permeability.-- Soil permeability is the rate at which soil, under saturated conditions,
transmits water in a vertical direction under a unit head of pressure. Soil permeability and the
permeability of the remaining unsaturated zone largely governs the recharge to the zone of
saturation. Areas with permeable soils generally have minimal runoff due to the rapid infiltration
and percolation of precipitation. Therefore, areas with permeable soil profiles tend to be more
vulnerable to groundwater contamination.

Soil permeability is affected by physical and chemical properties of the soil such as structure,
porosity, and texture. Figure 3 illustrates the soil permeabilities of the 60-inch soil profile. Figurel4
illustrates the permeability of the least permeable soil horizon. The least permeable soil horizon
typically is the B-horizon in well-developed soils such as Mollisols. The permeability of the least
permeable soil horizon generally is smaller than the permeability of the 60-inch profile. Therefore,
the permeability of the least permeable horizon may be a more accurate measure of potential for
contamination. |

In the Lower Elkhorn NRD, the permeability of the 60-inch profile ranges from about 0.2
inches per hour for clay soils to more than 12 inches per hour for sandy soils. The permeability of
the least permeable soil horizon ranges from about 0.1 inch per hour for soils with a clayey horizon
to more than 10 inches per hour for soils without a clayey horizon. Areas with low soil
permeabilities (illustrated in yellow on figs. 3 and 4) generally have lower potential for contaminants
to move through the soil profile than areas with high permeabilities (illustrated in purple and gray
on figs. 3 and 4). |

_Slope.--Soil slopes are an important factor in the potential for contaminants to reach the
aquifer system as they affect the time for precipitation to infiltrate the soil. The soil slope is
expressed as the difference in elevation, in feet, for each 100 feet of horizontal distance and is given
as a percentage. Maximum soil slopes referred to here were calculated by Dugan (1984) as averages
of maximum slopes. Figure 5 illustrates the average maximum percent slope of the soil associations

in the Lower Elkhorn NRD.
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Generally the surface in the NRD has gentle slopes. The average maximum slopes range
from 0 to more than 20 percent (fig. 5). Average maximum slopes of less than three percent occur in
the bottomlands along a large number of streams and tributaries. Average maximum slopes of 3 to
10 percent occur mainly along the Elkhorn River, in the southeast corner of the NRD, and in
northern Pierce and southern Knox Counties. Average maximum slopes of 10 to 20 percent are
found mainly on the uplands. The average maximum slope exceeds 20 percent only where the
Steinauer-Pawnee-Burchard and Monona-Ida Associations occur. These associations mainly occur
along the eastern edge of the NRD.

Soil structure.—Soil structure describes arrangement of primary soil particles into compound
aggregates particles. The soil structure of the soils within the NRD is described in the soil surveys
for each horizon by soil series. The soil structure varies widely from a single grain, fine, and weak
structure in sand (e.g., Valentine) to a blocky, moderate, and strong structure in soils with moderate
to high shrink-swell capacity (e.g., Fillmore).

Porosity.—Porosity is the volume of interconnected pore space and is expressed
quantitatively as a ratio of the volume of pores to the total volume. Soil porosity exists because of
the packing of the grains and disturbances including shrinking and swelling, penetration of roots,
and tillage. Soil porosity is not included in the soil surveys or the NSSC-SSL research database; but
bulk densities are included. Soil porosity can be estimated from the bulk density by determinations.

Soil texture,—~The soil texture (size group of individual soil grains) is classified as the
percentage of clay, silt, and sand in the basic U.S. Department of Agriculture soil textural classes.
Soil texture is an important soil characteristic as it may suggest soil mineralogy, water and nutrient
holding capability of the soil, and indirectly, the potential of pollutants to leach through the soil
profile. For example, the percentage of clay affects both the chemical and physical character of the
soil, such as its ability to adsorb contaminants and retain moisture.

The NSSC-SSL collected 73 pedons and conducted particle size analyses on all the horizons
of these pedons . The soils vary from silty and clayey soils mainly in areas with glacial till and loess
as the parent material (e.g., Clarno-Nora-Betts Association), to sandy and very sandy soils with
eolian sand or sandy and gravelly alluvium as parent material (e.g., Valentine-Thurman

Association).
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Hydrologic soil group.— Dugan (1984) classified the soil associations and assigned them to
hydrologic soil groups based on the average permeability of the 60-inch soil profile, the average

maximum slope, and depth to the seasonal high water table for the purpose of explaining the

hydrologic responses of Nebraska soils (table 6) (fig. 1). Dugan also used the average permeability

of the least permeable soil horizon and the average available water capacity to explain some of the

hydrologic responses of the soil.

Table 6. -- Numeric code for hydrologic grouping of the soil associations in the Lower Elkhorn

Natural Resources District (Dugan, 1984)

[in, inches; hr, hour; %, percent]

Average permeability Average maximum slope Depth to seasonal water table
Code Range Code Range Code Feet
_number (in/hr) number (%) number
1 Less than 1.0 1 0t02.99 1 Less than 6
2 1.0to 1.99 2 3.0t0 9.99 2 Equal or greater
' than 6

3 2.0to 4.99 3 10.0 to 19.99 - -

4 5.0t09.99 4 20.0to 30 - --

5 Greater than -~ - - --

' and equal to 10
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In the soil surveys hydrologic soil groups are classified according to the intake of water when
soils are thoroughly wet and receive precipitation from long-duration storms. These hydrologic soil
groups are considered a measure of infiltration and runoff from precipitation. Hydrologic soil
groups are classified in the soil surveys as group A soils—-having high infiltration rate when
thoroughly wet, group B soils—having moderate infiltration rate when thoroughly wet, group C
soils—having slow infiltration rate when thoroughly wet, and group D-- soils having a very slow
infiltration rate when thoroughly wet and thus a high runoff potential. Infiltration rate is the speed
at which water penetrates the soil and is governed by the initial water content of the soil, the
available water capacity of the soil, the permeability of the soil, the amount and type of vegetation
cover, and the slope of the surface. In general, soil with eolian sand as parent material tends to have
a high infiltration rate (e.g., Valentine-Thurman Association), while soils with loess or glacial till as
parent material tend to have moderate to low infiltration rates (e.g., Moody-Fillmore Association).
Not all soil associations listed in table 7 have been assignéd to a hydrologic soil group by the U.S.
Department of Agriculture.

Atterberg limits.—The Atterberg limits, liquid limit, and plasticity index indicate the
plasticity of the soil. These soil characteristics are estimated in the field and listed in the soil surveys
by soil mapping unit. The Atterberg limits vary widely from low values in the sandy soils to high
values in the clayey soils with high shrink-swell potential in the Lower Elkhorn NRD.

Bulk density.~The bulk density is the weight of oven-dry soil per unit volume and provides
information on other soil properties such as shrink-swell potential, available water capacity, and
total pore space.

Oven-dry bulk densities do not vary much and are typically around 1.3 to 1.8 grams per
cubic centimeter in the Lower Elkhorn NRD. Bulk densities tend to increase by compaction and with
depth in the soil profile because of increasing overburden materials and decreasing disturbance.

Organic matter.--Organic ﬁatter is the plant and animal residue in the soil at various stages
of decomposition. It is expressed as a percentage by weight of soil material less than 2 millimeters in

diameter. Organic matter affects the available water capacity and infiltration rate. .
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Table 7. -- Hydrologic characteristics and parent material of the soil associations in the Lowér Elkhorn Natural Resources District

[in, inches; hr, hour; %, percent, USDA, U.S. Department of Agriculture; --, not available]

Surface Average  Permeability Permeability Avc?rage Hydrologic Hy d rologic
. - . . of least available . soil group
Soil associations area Parent maximum  of 60-inch soil group
: . permeable water (USDA
(Dugan, 1984) (thousand  material slope profile . . (Dugan, e
acres) (%) (in/hr) horizon capacity 1984) classification
’ (in/hr) (in/in) system)
Nora-Crofton-Moody 534 Loess 18 1.28 126 2 232 B
Moody-Nora-Judson 516 Loess and 10 1.25 1.22 2 222 B
silty collu-
vium
Nora-Moody-Judson 326 Loess and 12 1.27 1.25 19 232 B
silty collu-
vium
Kennebec-Nodaway- 285 Alluvium 1 111 1.05 2 21 B-D
Zook
Thurman-Boelus-Nora 240 Eolian sand 13 8.58 2.86 14 432 A-B
Hobbs-Hord 126 Alluvium -2 148 13 2 312 B
and loess '
Moody-Fillmore 75 Loess 6 1.13 1.0 19 212 B-D
Cass-Inavale 63 - Alluvium 3 8.73 252 11 412 A-B
Moody-Bazile-Trent 57 Loess 5 2.76 96 17 322 -
Moody-Thurman 43 Loess over 11 5.15 2.12 15 432 A-B
eolian sand ,
Nora-Crofton-Judson 43 Loess and 18 1.3 13 21 232 B
silty collu-

vium
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Table 7. -- Hydrologic characteristics and parent material of the soil associations in the Lower Elkhorn Natural Resources District--Cont.

[in, inches; hr, hour; %, percent, USDA, U.S. Department of Agriculture; --, not available]

Surface Average  Permeability Pex;r?;z: ab::lty Avc;;‘:gle Hydrologic Hy;li rologic
Soil associations area Parent maximum of 60-inch ava € soil group sou group
. . permeable water (USbhA
(Dugan, 1984) (thousand  material slope profile . . (Dugan, e
acres) (%) (in/hr) horizon capacity 1984) classification
(in/hr) (in/in) system)
Valentine-Thurman 43 Eolian sand 14 12.88 10.75 08 532 A
Elsmere-Ipage-Loup 38 Eolian sand 2 12.65 6.35 09 511 A-D
and alluvium
Belfore-Moody 36 Loess 3 67 .65 19 112 B
Thurman-Hadar-Ortello 28 Eolian sand 10 10.5 2.56 | 532 A-B
over glacial :
il
Gibbon-Wann 28 Alluvium 2 294 1.2 .19 311 B
Zook-Leshara-Wann 25 Alluvium 2 1.73 53 .16 211 B-D
Bazile-Paka-Thurman 24 Loess over 9 6.55 1.62 .14 422 A-B
eolian sand _
Lawet-Elsmere-Gannett 22 Alluvium 2 7.24 2.67 .13 411 A-D
and eolian
sand
Clarno-Nora-Betts 10 Glacial till 11 1 7 .18 232 B
and loess
Gibbon-Luton 3 Alluvium 1 142 .67 18 211 B-D
Monona-Ida 2 Loess 27 1.3 * 13 21 242 -
Hord 2 Loess 3 1.3 1.3 21 212 B
Wymore-Pawnee 2 Alluvium 10 24 13 14 122 -
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Table 7. -- Hydrologic characteristics and parent material of the soil associations in the Lower Elkhorn Natural Resources District--Cont.
[in, inches; hr, hour; %, percent, USDA, U.S. Department of Agriculture; --, not available]

Surface Average  Permeability Pexg?le:;:thty :3;?;:‘512 Hydrologic I:gfli rol:gi ¢
Soil associations area Parent maximum of 60-inch ermeable water soil group (Uglr) Ap
(Dugan, 1984) (thousand  material slope profile perm . (Dugan, e
actes) (%) (in/hr) horizon capacity 1984) classification
? (in/hr) (in/in) system)
Inavale-Boel-Barney 1 Sandy 2 12.71 603 07 511 A-D
alluvium
Marshall-Ponca <1 Loess 13 1.31 1.31 2 232 -
Steinauer-Pawnee- <1 Gladial Till 26 61 31 14 142 -

Burchard



Organic matter varies from less than 0.5 to 8 percent in the soil mapping units in the Lower
Elkhorn NRD. In general, soils have about 1 to 4 percent organic matter in the soil profile. Soils with
eolian sand as parent material generally have a low percentage of organic matter (e.g., Valentine
with as small as 0.5% organic matter). Soils with alluvium as parent material generally have the
largest percent organic matter (e.g., Zook with up to 8% organic matter).

Salinity.—Salinity is a measure of the soluble salts in the soil at saturation and is expressed as
the electrical conductivity of the saturation extract in millimhos per centimeter at 25 degrees Celsius.
The salinity of the major soil mapping units is less than 2 millimhos per centimeter in the Lower
Elkhorn NRD.

Shrink-swell potential.—~Shrink-swell potential is the potential for a volume of soil to change

/

with loss or gain of moisture. The volume change depends upon the type and amount of clay
minerals present in the soil. Thus, the shrink-swell potential generally is dependent upon the parent
material of the soil.

In the Lower Elkhorn NRD most soil series have a moderate shrink-swell potential. A soil
with eolian sand as parent material generally has a low shrink-swell potential (e. g., Valentine). A
soil with glacial till or clayey alluvium as parent material generally has a high shrink-swell potential
(e.g., Zook and Luton). |

Soil reaction.—Soil reaction is expressed as a range of pH values and is a measure of acidity
or alkalinity of the soil. The pH varies from 5.1 to 9.0 and generally is slightly alkaline to acidic (6.1-
8.4) in the Lower Elkhorn NRD. Zook is the most acidic soil series.

Soil mineral

Soil mineralogical data exist on six samples—fine-clay mineralogy of five samples and fine-
sand mineralogy of one sample. Table 8 in appendix A lists the minerals which can be identified by
the National Soil Survey Laboratory. Fine-clay minerals include mica, kaolinite, montmorillonite,
and quartz. Fine-sand minerals include quartz, chalcedony, glass, hornblende, opaques, potassium

feldspar, and plagioclase.
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Naturgl recharge areqs

Natural recharge areas mainly occur in areas with near level to moderate slopes, high to
moderate soil and unsaturated zone permeabilities, and low to moderate available water capacities
(e.g., Inavale-Boel-Barney Association). Based on soil information, these areas mainly occur at

locations illustrated on figures 2 through 5 in red, purple, and gray.
Vadose-Zone Description

Infiltration rate

Information on the infiltration rate of the vadose zone is not available.
U lidated sedi ol terist]

Test hole data from 308 test holes (fig. 6) drilled since 1945, as part of a cooperative program
between the USGS and the Conservation and Survey Division, generally describe the areal
differences in the unsaturated sediments of the area. Sample description logs are published in
booklet form, generally, by county, and can be obtained from the Conservation and Survey Division,
Institute of Agricultural and Natural Resources, University of Nebraska-Lincoln.

The number of test holes by county and the number of test holes per 10,000 acres are listed in

table 9. In general, 1.19 test holes per 10,000 acres exist in the NRD. The number of test holes per
10,000 acres varies from 0 in Antelope and Dakota Counties to 1.80 in Madison County.
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Table 9. -- Number of test holes by county and surface area of counties in the
Lower Elkhorn Natural Resources District

Number of test

Comty  Subceamaoteomty  Numbaofsh  peie per 00
acres
Antelope 1 0 0
Burt 135 18 1.33
Cedar 121 16 ' 1.33
Colfax 158 5 32
Cuming 368 39 1.06
Dakota 1 . 0 0
Dixon 82 6 73
Dodge 236 40 1.70
Knox 55 3 54
Madison 345 62 1.80
Pierce 368 38 1.03
Platte 74 _ 3 40
Stanton 276 46 1.67
Thurston 90 10 1.12
Wayne 284 22 78
Total 2,594 308 1.19

The thickness of the unsaturated sediments varies from 0 to more than 200 feet in Stanton,
western Wayne and eastern Pierce Counties, and is generally 50 to 200 feet thick. The unsaturated
sediments mainly consist of Quaternary loess deposits (mainly silt) and glacial till on the uplands,
and loess, sand, and gravel deposits in the valleys, including the paleovalleys. Discontinuous strata
of clay exist as well. Dune-sand deposits occur in western Pierce County. Glacial till underlies the
NRD except in western Pierce and Madison Counties and areas along the principal streams such as

the Elkhorn River and Logan Creek (Burchett and Maroney, 1979, p.16).
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Typically, the distribution of unsaturated sediments has been affected by the presence of
paleovalleys and by erosion causing a complex distribution and a diverse thickness of the geological
strata. Locally, the complex unsaturated-zone geology can be deciphered with the information
obtained from test holes. However, test holes are absent in large areas (fig. 6) and the number of test

holes per 10,000 acres is very low (table 9).
Deep-core sampling summary

Information on deep-core samples (>60 inches) in the Lower Elkhorn NRD is not available.

Depth to Groundwater

The depth to groundwater varies throughout the Lower Elkhorn NRD. Data from 238
groundwater observation wells measured during the spring of 1991 in the NRD indicate that
groundwater levels ranged from less than 10 feet to more than 250 feet below the land surface. The
shallowest depths to groundwater generally occur within the alluvium deposits in Pierce County,
along the reach of Logan Creek from eastern Cedar County to the confluence with the Elkhorn River,
and upstream of the confluence of Pebble Creek and the Elkhorn River (fig. 7). In these areas the
groundwater systems probably have a direct hydraulic connection with the surface-water systems.
The deepest groundwater levels in the NRD, those greater than 200 feet below the land surface,
generally occur in northeastern Pierce, northwestern Wayne, and southern Knox and Cedar
Counties. These areas, along with a small area in western Burt County, also have several observation
wells showing spring 1991 depths to groundwater between 150 and 200 feet. Elsewhere in the NRD,
depth to groundwater generally is between 50 to 100 feet below the land surface.

The vulnerability of aquifers to contamination by point source or nonpoint source
contaminants is, in part, a function of the depth to groundwater. In those areas where the depth to
groundwater is shallow and soils are well drained, the vulnerability of the groundwater system is
probably the greatest. Therefore, the most vulnerable parts of the Lower Elkhorn NRD, with respect
to the depth to groundwater, would likely be the areas along the major rivers and the least

vulnerable areas would likely be in the uplands.
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External Groundwater Recharge Sources
Natural Recharge

Precipitdi

Normal annual precipitation within the Lower Elkhorn NRD ranges from about 24 inches in
the western part of the District to approximately 28 inches in the east (fig. 8) (Steele, 1988). The
normal annual precipitation is the 30-year average value of the precipitation received during 1951-80
as measured by the National Oceanic and Atmospheric Administration (NOAA). The 15 NOAA
stations within the NRD for which the 30 years of precipitation data exist are: Beemer, Clarkson,
Dodge, Emerson, Laurel, Lyons, Madison, Norfolk WSO AP, Osmond, Pilger, Stanton, Wakeﬁeld,
Wayne, West Point, and Winside. Normal annual precipitation for each of these stations is given in

the following table and the station locations are shown on figure 8 (Steele, 1988).
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Table 10. --Normal annual precipitation for NOAA stations within the Lower Elkhorn Natural
Resources District

NOAA stations Normal annual precipitation (in inches)
Beemer . 26.51
Clarkson 27.81
Dodge 28.30
Emerson 28.39
Laurel 24.99
Lyons 27.40
Madison 25.34
Norfolk WSO AP 23.79
Osmond 25.14
Pilger 25.32
Stanton 25.56
Wakefield 26.11
Wayne , 25.62
West Point 27.91
Winside 25.83

Monthly maximum, minimum, and normal precipitation amounts for each station for the
period 1951-80 are listed in table 11. These values illustrate the extremes in precipitation amounts

received at each station.
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Table 11.

-- Monthly maximum, minimum, and normal precipitation at NOAA stations for

1951-80
[T = trace of precipitation measured]
Station Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec.
name
Beemer .
minimum 009 008 014 073 190 082 031 048 031 000 T 0.08
maximum 159 359 413 635 960 1065 913 638 1009 562 329 231
normal 065 098 158 246 298 411 326 347 250 192 091 0.69
Clarkson
minimum 0.06 0.02 024 050 120 077 016 054 035 000 T 0.00
maximum 244 348 571 705 1109 12.18 1051 8.02 1058 665 362 226
normal 69 .98 180 258 428 424 344 349 260 196 099 076
Dodge :
minimum 007 006 012 041 231 099 040 032 032 000 T 0.00
maximum 197 327 420 709 901 1265 937 914 1010 519 256 249
normal 060 1.00 169 274 459 475 313 372 259 179 098 072
Emerson
minimum 0.16 0.06 025 051 146 113 048 068 031 000 000 0.11
maximum 190 355 548 549 845 1248 1059 800 1066 671 375 1.78
normal 063 113 200 268 418 438 352 322 287 198 103 077
Laurel A
minimum 002 004 002 041 071 146 067 054 046 000 002 0.05
maximum 152 339 564 515 778 1074 804 1051 707 502 329 327
normal 052 087 167 232 379 404 307 325 230 156 089 0.71
Lyons |
minimum 012 0.02 021 057 104 104 057 033 052 T T 0.04
maximum 2.09 3.15 447 496 1125 1031 677 673 1071 696 319 2.02
normal 057 094 173 262 438 441 3.07 347 277 192 090 0.62
Madison
minimum T 04 T 050 128 121 073 036 042 000 T T
maximum 1.88 262 520 574 1019 1121 846 762 748 523 331 1.71
normal 049 0.82 155 248 406 456 325 3.11 215 150 076 0.61
Norfolk
WSO AP ,
minimeum 0.10 0.06 006 023 138 086 033 053 030 T 0.00 0.08
maximum 174 3,18 514 435 861 1222 843 593 688 457 367 175
normal 052 080 154 221 371 435 321 265 209 136 072 0.63
Osmond
minimum T 002 026 056 05 071 039 09 000 000 000 000
maximum 143 351 533 630 881 1135 910 737 78 606 360 229
normal 051 095 166 259 375 393 331 311 227 137 097 072
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Table 11. -- Monthly maximum, minimum, and normal precipitation at NOAA stations for
1951-80--Cont.
[T = trace of precipitation measured]

Station Jan. Feb. Mar. Apr. May June July Aug Sept Oct. Nov. Dec.
name

Pilger -
minimum 005 020 006 031 171 111 028 041 035 T T 0.04
maximum 240 3.17 382 497 1045 1116 1029 664 784 480 3.04 219
normal 053 084 153 222 414 443 316 316 225 159 084 064

Stanton
minimum 0.10 T 012 0.29 1.61 0.99 0.44 0.51 041 0.00 0.03 T
maximum 197 296 552 4.93 8.48 1047 9.16 6.21 744 5.25 3.91 2.85
normal 061 095 176 237 420 431 3.08 2.88 2.24 1.53 0.91 72

Wake-

field
minimum 0.05 0.09 015 049 159 1.08 036 049 .38 000 002 0.5
maximum 2.00 338 533 514 840 1240 1028 796 569 492 406 267
normal 058 0.95 181 234 398 4.11 328 3.08 253 174 098 0.73

Wayne
minimum 005 0.08 008 033 134 109 047 038 033 000 T 0.04
maximum 155 3.99 513 421 978 1156 848 656 806 448 423 224
normal 054 100 169 227 407 444 3.09 299 243 155 090 0.5

West

Point ,
minimum 0.11 0.07 019 062 139 068 010 0.18 034 000 T 0.02
maximum 2.63 391 418 525 933 1272 1019 820 11.08 592 378 281
normal 068 109 176 261 434 447 306 354 264 191 1.02 079

Winside
minimum 015 T 004 064 076 078 036 014 054 000 T 0.06
maximum 269 3.04 524 513 928 1065 11.69 7.08 736 465 332 246
normal 062 095 174 229 427 426 329 291 236 159 083 079

Groundwater recharge from precipitation is influenced by soil permeability, available water
capacity, and soil slope. These factors influence the infiltration rates of precipitation into the soil and
the volume of water that can be retained within the soil zone (Dugan, 1984). -Other factors, such as

the amount, duration, and intensity of precipitation, also affect recharge from precipitation.

27



Streams (gaining/losing)

Almost all of the streams in the Elkhorn River basin are gaining streams, which are streams
whose flow is increased by the inflow of groundwater. Seepage measurements from the Elkhorn
River and its tributaries in Pierce, Madison, Wayne, Stantoh, Platte, Cuming, and Dodge Counties
were made on September 28 and October 1-2, 1979. These measurements and observations indicate

that most reaches in the streams that were measured gained flow due to groundwater seepage

(appendix B in back).

Lakes, wetlands, and sandpits

Lakes within the NRD.-Lakes occurring within the Lower Elkhorn NRD generally are
associated with the Elkhorn River. Most of these lakes are oxbow lakes which occupy former
meanders in the River channel, but some of the lakes have resulted from or were enlarged by sand
and gravel dredging. Some of these lakes have begun to fill with sediment, and marshes now
occupy those lakes that are almost filled (Bentall and others, 1971). The following table lists lakes
that have been located in the District using the Nebraska Surface Water Quality Standards
(Nebraska Department of Environmental Quality, 1993) and U.S. Geological Survey 1:100,000 scale
maps for the area. Most lakes listed below are naturally occurring, although some are
impoundments which are not found in the Nebraska Department of Water Resources surface-water

appropriations for storage. '
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Table 12. -- Location of natural lakes within the Lower Elkhorn Natural Resources District

County Township, range, and section Name of lake

Burt 23N 8E25 Lyons City Park Lake

Colfax 20N 2E18 Leigh Tri-County Lake

Cuming 23N 4E11 Kanes Lake

Cuming 23N 4E24 Woerderman Lake

Cuming 23N 5E30 Raabe Lake

Cuming 22N 6E21 McKirahan Lake

Cuming 22N 6E28 Horseshoe Lake

Cuming 22N 6E34 West Point City Lake

Dodge 19N 8E17 Hooper City Lake

Dodge 20N 6E12 Dead Timber Lake
(State Recreational Area)

Madison 23N 1TW 2 Andy’s Lake

Madison" 23N 1W2 Pofahl Lake '

Madison 23N 1W1 Lehman Lake

Madison 23N 1W26 Ueckers Lake

Madison 24N 3W22 Johnson Lake

Madison 24N 3W23 Wendts Lake

Madison 24N 1W34 Ta-Ha-Zouka Park Lagoon
(Norfolk)

Pierce 26N 2W26 Pierce City Lake

Stanton 23N 1E21 Johnson Lake

Stanton 23N 1E26 Loes Lake (Wood Duck Wildlife
Management Area)

Stanton 23N 1E35 Pillar Lake (Wood Duck Wildlife
Management Area)

Stanton 23N 1E35 Wood Duck Lake
(Wildlife Management Area)

Stanton 23N 1E27 Wood Duck Pond (Wood Duck
Wildlife Management Area)

Wayne 27N 3E15 Wayne Issac Walton Lake
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Wetlands.--The definition of wetlands used in this text is the joint definition agreed upon by
the U.S. Army Corps of Engineers and the U.S. Environmental Protection Agency and is the
definition used by the Nebraska Department of Environmental Quality. In this definition a
“wetland” includes:

“ Those areas that are inundated or saturated by surface or ground water at a frequency and
duration sufficient to support, and that under normal circumstances do support, a prevalence of
vegetation typically adapted for life in saturated soil conditions. Wetlands generally include
swamps, marshes, bogs, and similar area.”

Wetlands are described using the Cowardin classification system. The wetland systems
found in the NRD include (1) Riverine: water within a channel flowing either permanently or
intermittently (rivers); (2) Lacustrine: water in a depression, generally greater than 20 acres (lakes);
and (3) Palustrine: wetlands generally less than 20 acres and less than 2 meters de:ep (marshes).

Most wetlands occur in the Elkhorn River bottom or in the bottoms of associated tributaries.
As mentioned previously, these wetlands include oxbow lakes which are located in former
meanders of the river channel and the marshes created when these lakes were filled in with
sediment. Generally, these marshes are classified as emergent palustrine wetlands which are
temporarily or seasonally flooded. Within the NRD, wetlands isolated from the River and its
tributaries rarely are found, and are often less than 5 acres in size. These wetlands commonly lie
within a basin or channel excavated by man or are created by a barrier obstructing the outflow or
inflow of water (impounded or diked), and are not natural wetlands. Some small isolated wetlands
which appear to be natural can be found in the NRD. These generally are emergent palustrine
wetlands which are temporarily or seasonally flooded, and are typically 1-5 acres in size.

Sandpits.—~Twenty active sand or gravel pits are located within the NRD (Burchett and
Eversoll, 1992). Pits located along the Elkhorn River valley or its tributaﬁ&s are relatively large, and
may contain water. Often these pits have been converted to recreational areas, wildlife areas, or
housing developments. Table 13 lists the location of the sand and gravel pits which are within the

NRD, the estimated acres of land disturbed, and the estimated acres reclaimed.
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Table 13. -- Sand and gravel pits within the Lower Elkhorn Natural Resources District

County Township, range, and Estirpated acres Estimatgd acres
section disturbed reclaimed
Burt 21N 10E21 - 3.60 220
Burt 21N 10E22 220 0.00
Burt 21N 10E22 7.80 6.10
Burt 21N 10E27 2.00 0.00 |
Burt 2IN 10E27 5.10 4.00
Cuming 22N 6E28 235.00 149.00
Cuming 23N 4E 4 43.00 21.00
Madison 23N TW2 25.50 0.00
Madison 23N 1W2 63.50 21.30
Madison 23N 1W 3 187.00 187.00
Madison 23N 1W 3 23.80 | 23.80
Madison 24N 1TW29 1.00 1.00
Madison 24N 1W32 130.00 20.30
Madison 24N 3W22 41.00 0.00
Madison 24N 4W11 103.00 10.00
Madison 24N 4W12 45.00 5.00
Pierce 26N TW18 20.00 . 2.00
Stanton 23N 3E3 1.00 0.00
Stanton 23N 3E3 75.00 16.00
Stanton 23N 3E10 41.50 0.00
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e —~There is no data

available which documents the effects of the lakes, wetlands, or other surface-water bodies on
groundwater recharge within the NRD. Because most of th'e Elkhorn River is fed by groundwater
seepage, and due to the proximity of the lakes, wetlands, and sandpits to the river, it is likely that
they are also sources of groundwater discharge and not groundwater recharge.

Rect f i | jwat .

Lateral movement of groundwater into the NRD helps maintain the amount of groundwater
available for use in the NRD. Water-table contours can be used to determine the general direction of
groundwater movement. The maximum water-table gradient, which is perpendicular to the
contours, is the direction of groundwater movement toward sites of natural discharge at the land
surface (Bentall and others, 1971). Most lateral groundwater movement into the Lower Eikhorn
NRD is along the western boundary. Generally, the groundwater movement in the Elkhorn River
basin is toward the streams, and the regional direction of groundwater movement is toward the east-
southeast. This water originates primarily from the Quaternary deposits and the Ogallala Formation
in the eastern portion of the Sandhills. Water also moves into the NRD along the northern district
boundary. Along the southern and eastern boundaries of the NRD most of the groundwater
movement is to the south and east, so there is little to no lateral movement of groundwater ihto the
NRD.

The lateral movement of groundwater into the NRD creates some potential for groundwater
contamination. Water moves into the NRD primarily along the western boundary from the
Sandhills region of the State. In this region the water table is located relatively close to the surface
and the sand and gravel soils are relatively permeable. If the groundwater in this region should
become contaminated it is possible that the contaminated water could move into the Lower Elkhorn

NRD.
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Atificial Recharge
R irs within the | Elkhorn NRD

A list of the reservoirs in the NRD, as reported by the Nebraska Department of Water
Resources (NDWR) is found in table 14. Each of the reservoirs in table 14 is allocated a certain
volume of water for storage. Table 14 also lists the storage allocation of each reservoir. The 43

reservoirs have a total storage allocation of approximately 10,600 acre-feet of water.

Table 14. -- Reservoirs within the Lower Elkhorn Natural Resources District

Coun : Township, range, Storage
» ty Stream name and seckion .allocatlon
(in acre-feet)
Burt Bell Creek 2IN 9E2 11.92
Burt Peterson Reservoir 2IN 9E2 0.00
Burt Peterson Reservoir 2IN 9E 2 0.00
Burt Logan Creek, trib to 22N 8E 3 71.50
Colfax Dry Creek, trib. to 19N 2E25 24.80
Colfax Ternes Reservoir 19N 2E25 0.00
Colfax Dry Creek, trib. to 19N 2E25 21.00
Cuming Elkhorn River, trib. to 2IN 6E1 43.60
Dodge Elkhorn River, trib. to I9N 7E9 48.60
Dodge Elkhorn River, trib. to 19N 8E20 5.57
Dodge Logan Creek 19N 8E11 0.00
Dodge Clark Creek I9N 9E 6 4.41
Dodge Kriete Reservoir - 19N 9E 6 0.00
Dodge Kriete Reservoir I9N 9E 6 . 0.00
Dodge Maple Creek, trib. to 18N 7E 6 33.30
Dodge Trouble Creek 18N 8E29 447
Dodge Brush Creek 18N 7E18 50.70
Dodge Elkhorn River 17N 9E 4 .89
Madison Elkhorn River, trib. to 24N 2W16 73.00
Madison Elkhorn River, trib. to 23N 1W 3 432.00



Table 14. -- Reservoirs within the Lower Elkhorn Natural Resources District --Cont.

Count St Township, range, ﬁtorage
y ream name and section a ocation
(in acre-feet)
Madison Elkhorn River, trib. to 24N 1W21 424.20
Madison Elkhorn River, Nérth Fork, trib. to 24N 1W16 26.05
Pierce Humbug Creek, trib. to 24N 3E9 - 14.90
Pierce Willow Creek 26N 4W26 6.00
Pierce Willow Creek 26N 3W33 10.00
Pierce Vinson Reservoir 26N 3W33 0.00
Pierce Willow Creek 25N 3W 3 3.00
Pierce Willow Creek 26N 2W33 6,557.00
Stanton Elkhorn River, trib. to 23N 1E15 29.20
Stanton Elkhorn River 23N 1E15 23.90
Stanton Elkhorn River, trib. to 23N 1E34 354.50
Stanton Pleasant Run Creek, trib. to 24N 1E22 3.60
Stanton Sand Creek 22N 1E17 99.40
Stanton Maskenthine Creek 23N 2E18 927.50
Stanton Elkhorn River, trib. to 22N 2E10 263.10
Stanton Cedar Creek, trib. to 23N 3E29 9.40
Stanton Humbug Creek, trib. to 24N 2E10 70.60
Stanton Elkhorn River, trib. to 24N 3E26 406.00
Stanton Maple Creek, Middle Fork, trib. to 21N 3E28 84.20
Stanton Kucera Reservoir 21N 3E28 0.00
Wayne Humbug Creek, trib. to 25N 2E32 21.20
Wayne Deer Creek, trib. to 27N 1E33 13.70

Although there have been no studies analyzing the effect of reservoirs on groundwater
recharge within the NRD, it is probable that the reservoirs act as sources of groundwater recharge
when the altitude of the reservoir stage is greater than the altitude of the water table. If, in fact, the
reservoiré act as a source of groundwater recharge, the groundwater should be considered

vulnerable to contamination from the reservoirs.
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surface-water irigation

Surface-water irrigation is common throughout the Lower Elkhorn NRD, particulérly along
the major streams and their tributaries. In these areas, irrigators generally install pumping devices
to withdraw their permitted allocation. These withdrawals are generally for the purpose of
irrigating crops such as corn; however, some withdrawals are made to provide surface-water for
other purposes, such as recreation. Based upon data obtained from the NDWR (Nebraska
Department of Water Resources, written commun., 1993), Dodge County has the most surface-water
irrigation allotments within the Lower Elkhorn NRD (table 15). In Dodge County, most of the
surface-water irrigation is concentrated along the Elkhorn River and Logan Creek. The county with
the most licensed surface-water irrigators, however, is Madison County with 71. Like Dodge
County, most of the surface-water irrigation systems are concentrated along the Elkhorn River.
Madison County also has some surface-water irrigation systems located along Union and Taylor
Creeks in the southeastern corner of the county. For the NRD as a whole, the NDWR data indicate
that 351 surface-water irrigation-right permits have been issued within the Lower Elkhorn NRD.
These 351 irrigators have been allocated a combined total of 499.13 cubic feet per second. Only a few

surface-water diversions within the Lower Elkhorn NRD are not for irrigation.
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Table 15. -- County, number of irrigators, and allocated surface-water withdrawals

c Irrigators Tot;.al allocated
ounty per county wz;?{};aecv;al
Madison 71 61.93
Dodge 69 94.54
Pierce 49 49.40
Cuming 38 65.16
Burt 24 50.13
Stanton 24 . 40.72
Wayne 21 60.77
Cedar 18 - 23.65
Dixon 15 21.46 '
Colfax 12 14.33
Thurston 10 17.04
Total 351 499.13

Most projects which provide intentional or incidental groundwater recharge in the Lower

Elkhorn NRD are limited to the surface-water impoundment systems, which include all reservoirs.
Other intentional or incidental groundwater recharge projects include industrial sites which use
water for cooling and then discharge the water for irrigation of crops. This type of irrigation may
provide up to 4 inches of water daily (Rich Wolzniak, Lower Elkhorn NRD, oral commun., 1993), of

which some probably infiltrates to the groundwater system.
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Groundwater Irrigation Spacing and Density

By March of 1993, registered irrigation-well data (NDWR, written commun., 1993) indicate
that approximately 3,700 irrigation wells were registered in the Lower Elkhorn NRD. The number
and density of irrigation wells vary greatly within the Lower Elkhorn NRD because of variations in
land use, distribution of irrigable land, and availability of groundwater. Groundwater from the
wells is used to irrigate an estimated 508,300 acres, or approximately 130 acres per well.

Most of the irrigation wells within the Lower Elkhorn NRD are located in areas where water-
level data indicate the depth to water at less than 100 feet. About 43 percent of the 3,716 registered
groundwater irrigation wells in the Lower Elkhorn NRD are located in Pierce and Madison Counties
(table 16). Most of the 467 registered irrigation wells in Dodge County are located along the entire
reach of Maple Creek. All other counties within the Lower Elkhorn NRD vary in number of
registered irrigation wells—from Cuming County with 347 registered irrigation wells, to Antelope
County with 7 registered irrigation wells. Antelope County has approximately 2 square miles of area
within the Lower Elkhorn NRD, while Dakota County has approximately 1 square mile. |
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Table 16. -- Number of registered irrigation wells and reported number of irrigated acres in the
Lower Elkhorn Natural Resources District through March of 1993

Number of
Comty e I
wells '
Pierce 911 128,764
Madison 671 94,605
Dodge 467 54,801
Cuming 347 45,335
Stanton 296 35,417
Cedar 235 35,682
Colfax 188 21,203
Wayne 187 27,928
Platte 112 18,607
Burt 92 15,490
Dixon 73 10,464
Thurston 73 10,436
Knox 57 8,647
Antelope 7 919
Dakota 0 0
Total 3,716 508,298

Water Demand and Application

Corn is the dominant crop within the Lower Elkhorn NRD. Other crops include sorghum,
soybeans, and milo. The demands for irrigated water are based largely on the amount of water
required by corn. The estimated consumptive irrigation requirement for corn in the NRD varies
from just under 8 to 9 inches of annual consumptive irrigation to sufficiently maintain soil moisture

for corn (J.T. Dugan, U.S. Geological Survey, written commun., 1993).
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IDENTIFIED NEEDS AND DATA DEFICIENCIES

suficial | Vadose-Z D ol
Topography

Some topographic maps may need updating especially in the areas where new activities or
increased population have led to changes in cultural features. The adequacy of the maps should be

reviewed by the NRD and requests for new map revisions will be made subsequent to this review.

Surficial Soil Description

Data accurately describing infiltration rates, soil permeabilities, and soil mineralogy are not
readily available. Data describing the soil chemical and physical characteristics exist to a limited
extent. The need exists to identify infiltration rates and soil permeabilities in areas with a wide
variety of soil physical and chemical characteristics representative of the soil profiles in the NRD. In
addition, the need exists to assess the potential for contaminants to leach through the soil profile.

The information provided in this management plan is based on existing general information
about the soil associations present in the Lower Elkhorn NRD. As indicated above, within any one
association a large diversity of slopes, depth of soil profile, drainage, and other characteristics can
exist. Therefore, while information based on soil associations is a basis for a general evaluation of the
vulnerability of the ground water based on soil profile characteristics of soil associations, the need
exists to make interpretations of vulnerabilities based on soil information of soil series or soil

mapping units.
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Vadose-Zone Description

A lack of knowledge exists about the characteristics of the vadose zone. This large data
deficiency can be addressed in several phases. First, a need exists to perform a detailed assessment
of the characteristics of the unsaturated zone sediments in the NRD. Second, based on this
assessment the need for additional test holes can be evaluated and addressed. Third, after an
acceptable understanding of the unsaturated geology of the area is achieved, a data set of
percolation rates through the unsaturated zone can be created, representative of the unsaturated
zone characteristics of the Lower Elkhorn NRD. Concurrently, deep soil core samples can be
collected to assess the existing contaminant concentrations in the unsaturated zone that are
representative for the area based on the knowledge of unsaturated zone characteristics. Finally, the
information obtained from deep core samples will enable modelling of current and future effects of
contaminants on the water quality of the groundwater.

Depth to Groundwater

Although the Lower Elkhorn NRD has an extensive network of groundwater observation
wells, there is a need to better define the groundwater system with respect to the types of aquifers
that are being developed. Since extensive irrigation-well development has taken place over the past
10 yearé and will likely continue into the future, good management data within the Lower Elkhorn
NRD will become more important. The type of data required to make sound management decisions
regarding groundwater supply and quality will be dictated by the need to protect groundwater
resources. This need is apparent when looking at the vulnerability of the aquifers within the Lower
Elkhorn NRD. The shallower aquifers will likely be more vulnerable than the deeper aquifers to
groundwater quality changes since recharge in the deeper aquifers may be reduced or damped in
times of drought. Groundwater data collection programs of the NRD should be reviewed to ensure
adequate and representative data are being collected.

External Groundwater Recharge Source
Data are not available which document the effects of lakes, wetlands, reservoirs, and other

surface-water bodies on groundwater recharge within the Lower Elkhorn NRD.
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Surface-Water Irrigation

Some data regarding surface-water irrigation is available for the Lower Elkhorn NRD. These
data are currently in the Nebraska Department of Water Resources database and give some of the
necessary information regarding the quantity of allocated surface water withdrawals, the owners,
dates of appropriative rights, etc. However, the location of the irrigation system is given only in
township, range, and section, and not in any quarter section or fraction thereof. This makes it very
difficult to accurately plot the surface-water irrigation sites. If these irrigation sites could be better
defined, the use of Geographical Information Systems (GIS) would provide users with more accurate

and reliable maps.

Imiqation Gint Lrect ]

Groundwater irrigation usage in the Lower Elkhorn NRD can only be estimated by the crop
index, which is the approximate amount of irrigation water that should be applied to corn. The
actual usage is not currently metered since there are no requirements for metering. Metering devices
would give a much better indication of the total amount of groundwater withdrawn for irrigation.
Excessive irrigation tends to leach agricultural chemicals past the root zone, eventually
contaminating the groundwater. The amount of water withdrawn is needed to educate
groundwater irrigation users on the need for more efficient use of groundwater, and to provide

natural resource managers a management tool for future decisions. ,
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Table 4. -- Selected laboratory characterization data elements identified in the

APPENDIX A

research database

NSSC-SSL

DESCRIPTION OF SELECTED LABORATORY CHARACTERIZATION DATA

METHOD
CODES ELEMENTS

IDPED FISCAL YEAR 10000 CONSECUTIVE PEDON NUMBER
PEDN NSSL CONSECUTIVE PEDON NUMBER
CCNAME SOIL SERIES NAME: Correlated or Field
THDEP DEPTH, TOP OF HORIZON (CM)
BHDEP DEPTH, BOTTOM OF HORIZON (CM)
TEXTAB TEXTURE ABBREVIATION
V250 VOLUME % ESTIMATE, >250 mm
V25075 VOLUME % ESTIMATE,
BSCOD BULK SAMPLE CODES
GCGT2 GRAVEL CODE >2MM
GC752 GRAVEL CODE(ALL) 75-2
GC7520 GRAVEL CODE 75-20
GC205 GRAVEL CODE 20-5
GC52 GRAVEL CODE 5-2

CLAY TOTAL CLAY

SILT TOTAL SILT

SAND SAND

FCLAY FINE CLAY
CO3CLY CO3 CLAY
FSILT FINE SILT
CSILT COARSE SILT
VFSAND VERY FINE SAND
FSAND FINE SAND
MSAND MEDIUM SAND
CSAND COARSE SAND
VCSAND VERY COARSE SAND
oC WALKLEY-BLACK ORGANIC CARBON
N KJELDAHL NITROGEN
P EXTRACTABLE PHOSPHOROUS ’

FEDITH

DITHIONITE CITRATE EXTRACTABLE IRON
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Table 4. -- Selected laboratory characterization data elements identified in the NSSC-SSL

research database--Cont,

METHOD | DESCRIPTION OF SELECTED LABORATORY CHARACTERIZATION DATA
CODES ELEMENTS '
ALDITH DITHIONITE CITRATE EXTRACTABLE ALUMINUM
MNDITH DITHIONITE CITRATE EXTRACTABLE MANGANESE
CECCLY RATIO CEC/CLAY
B15CLY RATIO 15 BAR/CLAY
CPYP SODIUM PYROPHOSPHATE EXTRACTABLE CARBON
FEPYP SODIUM PYROPHOSPHATE EXTRACTABLE IRON
ALPYP SODIUM PYROPHOSPHATE EXTRACTABLE ALUMINUM
CAX NH40OAC EXTRACTABLE CALCIUM
MGX NH40OAC EXTRACTABLE MAGNESIUM
NAX NH40OAC EXTRACTABLE SODIUM
KX NH40AC EXTRACTABLE POTASSIUM
SUMBSE SUM of NH40OAC EXTRACTABLE BASES
ACIDX NH4OAC EXTRACTABLE ACIDITY at PH 8.2
ALX KCL EXTRACTABLE ALUMINUM
SUMCAT SUM of CATIONS
CEC7 NH40OAC CATION EXCHANGE CAPACITY(CEC) .
BSESAT NH40OAC BASE SATURATION
ALSAT ALUMINUM SATURATION (Not Always Stored)
BSECAT NH40OAC BASE SATURATION by SUM CATIONS
NH4BSE BLANK
CACO3 CARBONATE, < 2mm Fraction
RESIST RESISTIVITY in OHMS
PH1H20 PH,1:1 SOIL-WATER SUSPENSION
CACO32 CARBONATE, 2-20mm Fraction
GYPL2, GYPSUM < 2mm Fraction
GYPG20 GYPSUM, 2-20mm Fraction
PHSP PH, SATURATED PASTE
PH2CC PH, 1:2 SOIL-CACL2 SUSPENSION
CASX CALCIUM, Saturation Extract(H20)
MGSX MAGNESIUM, Saturation Extract(H20)
NASX SODIUM, Saturation Extract(H20)
KSX POTASSIUM, Saturation Extract(H20)
CO35X CARBONATE, Saturation Extract(H20)

HCO35X

BICARBONATE, Saturation Extract(H20)
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Table 4. -- Selected laboratory characterization data elements identified in the NSSC-SSL

research database--Cont.

DESCRIPTION OF SELECTED LABORATORY CHARACTERIZATION DATA

METHOD
CODES ELEMENTS
CLSX CHLORIDE, Saturation Extract(H20)
S0O45X SULFATE, Saturation Extract(H20)
NO3SX NITRATE, Saturation Extract(H20)
H20SX WATER CONTENT SATURATION EXTRACT(H20)
TESALT TOTAL ESTIMATED SALT(Use Electrical Conductivity)
ECSX ELECTRIC CONDUCTIVITY Saturation Extract
PHNAF PH, 1:50 SOIL-NAFL SUSPENSION
PHKCL PH, 1:1 SOIL-KCL SUSPENSION
CEBACL CEC, BARIUM-CHLORIDE
PSORP PHOSPHORUS ABSORPTION
NO2CGH NITRITE, Saturation Extract(H20) ,
PEC12 PREDICTED EC 1:2 (Soil/ Water by weight)
FLCGH FLORIDE, Saturation Extract(H20)
TKHFD TOTAL POTASSIUM (HF Digestion)
G25 2- 5 mm Weight Percentage of <75mm
G520 5-20 mm Weight Percentage of <75mm
| G2075 20-75 mm Weight Percentage of <75mm
ABGLL ATTERBERG, LIQUID LIMIT
ABGPL ATTERBERG, PLASTIC LIMIT
DFLD BULK DENSITY, Field Water Content
D3 BULK DENSITY, 1/3 BAR Suction
DOD BULK DENSITY, Oven Dry (105 C)
LEWS LINEAR EXTENSIBILITY,Whole Soil,1/3 BAR to Oven Dry
WP10 1/10 WATER BAR, Clods, Weight Percent
WP3 1/3 WATER BAR, Clods, Weight Percent
WI15AD 15 BAR WATER on AIR DRY SOIL, Weight Percent
DP3EST BULK DENSITY 1/3 BAR Estimated
DP3RW BULK DENSITY 1/3 BAR Rewet (Organic Soils)
LED3RW LINEAR EXTENSIBILITY,Rewet Soil,1/3 BAR to Oven Dry
W3RW BULK DENSITY 1/3 BAR, Rewet
D15WET 15 BAR WATER, On Field Moist Soil, Weight Percent
ADOD RATIO, Airdry/Oven dry
ODWET RATIO, Field Moist/Oven dry
LEFOD LINEAR EXTENSIBILITY, Field Moist to Oven dry
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Table 4. -- Selected laboratory characterization data elements identified in the NSSC-SSL

research database--Cont,

METHOD } DESCRIPTION OF SELECTED LABORATORY CHARACTERIZATION DATA
CODES ELEMENTS

WéL2 0.06 BAR WATER, <2mm Fraction, Weight Percent
W10L2 1/10 BAR WATER, <2mm Fraction, Weight Percent
W1CLOD ONE BAR WATER, <2mm Fraction of Clods, Weight %
LED3L2 LINEAR EXTENSIBILITY,<2mm Fraction,1/3 BAR/Oven Dry
GRVL75 VOLUME <2mm/VOLUME<75mm at 1/3 BAR
GRVWS VOLUME <2mm/VOLUME WHOLE SOIL at /3 BAR
EGME SURFACE AREA, EGME
TCFRAG COARSE FRAGMENTS (>2mm), Weight Percent Whole Soil
DG2 PARTICAL DENSITY >2mm
FWBS FIELD WATER CONTENT of BULK SAMPLE, Weight Percent
W6CLOD 0.06 BAR WATER, <2mm Fraction of Clods, Weight %
DL2 PARTICAL DENSITY <2mm Fraction
TRMN DOMINANT RESISTANT MINERAL, <2mm Fraction
PTRMN PERCENT DOMINANT RESISTANT MINERALS _
DWMN DOMINANT WEATHERABLE MINERAL, <2mm Fraction
PDWMN PERCENT DOMINANT WEATHERABLE MINERALS
XRYCLY X-RAY Total Clay, Maximum of 5 Minerals
DTACLY DTA Total Clays
TGACLY TGA Total Clays
IRDCLY INFRA-RED Total Clay
HFBCLY HF BOMB Total Clay
BLK BLANK
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Table 8. -- List of resistant minerals identified in the NSSC-SSL research database

Resistant minerals

Resistant minerals

AE=Anatase LU=Leucoxene
AN=Andalusite MG=Magnetite ’
BA=Barite MH=Maghemite
BE=Boehmite OP=0Opaques

BK=Brookite OR=0Other Resistant Minerals
BY=Beryl PI=Pyrite
CD=Chalcedony(Chert, Flint, Jasper. Agate,Onyx) PK=Perovskite

XXXX PO=Plant Opal

CN=Corundum

PY=Pyrophyllite

CR=Cristobalite

QC=Clay-Coat Quartz

CT=Cassiterite

QG=Glass-Coat Quartz

DI=Diatoms

QI=Iron Oxide-Coat Quartz -

FE=Iron Oxides(Goethite,Magnetite, Hematite)

QZ=Quartz

XXXX

RA=Resistant Aggregates

GD=Gold

RE=Resistant Minerals

GE=Goethite

RU=Rutile

GI=Gibbsite

SA=Siliceous Aggregates

GN=Garnet SL=Sillimanite
HE=Hematite SO=Staurolite
KH=Halloysite SP=5Sphene
KK=Kaolinite TM=Tourmaline
KY=Kyanite TP=Topaz
LE=Lepidocrocite VI=Vivianite
LM=Limonite ZR=Zircon
LT=Lithiophorite Gy=Gypsum

AC=Actinolite

HB=Hydrobiotite .

AF=Arfvedsonite

HG=Glass Coated Hornblende

AG=Antigorite

HN=Hornblende

AH=Anthophyllite

HY=Hypersthene

AL=Allophane

ID=Iddingsite

AM=Amphibole

IL=1lite (Hydromuscovite)

AO=Aragonite

JO=]Jarosite

AP=Apatite

LC=Analcime ,

AR=Weatherable Aggregates

LO=Lepidomelane
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Table 8. -- List of resistant minerals identified in the NSSC-SSL research database--Cont.

Resistant minerals

Resistant minerals

AU=Augite

LP=Lepidolite

AY=Anhydrite

MB=Mirabilite

BC=Biotite-Chlorite

MC=Montmorillonite-Chlorite

BR=Brucite ME=Magnesite
BT=Biotite MI=Mica

| BZ=Bronzite MM=Montmorillonite-Mica
CA=Calcite MR=Marcasite
CB=Carbonate Aggregates MS=Muscovite
CC=Coal MT=Montmorillonite
CL=Chlorite MV=Montmorillonite-Vermiculite

CM=Chlorite-Mica

MZ=Monazite

CO=Collophane

NX=Non-Crystalline

CY=Chrysotile

OG=Glass Coated Opaque

CZ=Clinozoisite

OV=0livine

DL=Dolomite

OW=0ther Weatherable Minerals

DP=Diopside

PD=Piedmontite

DU=Dumortierite

PG=Palygorskite

EN=Enstatite

P]=Plumbojarosite

EP=Epidote PL=Phlogopite

FA=Andesite PR=Pyroxene

FB=Albite PU=Pyrolusite

FC=Microcline RB=Riebeckite(Blue Amphibole)
FD=Feldspar RO=Rhodocrosite

FF=Foraminifera

SE=Sepiolite

FG=Glass Coated Feldspar

SG=Sphalerite

FH=Anorthoclase SI=Siderite
FK=Potassium Feldspar SR=Sericite
FL=Labradorite S5=Sponge Spicule
FM=Ferromagnesium Mineral SU=Sulphur
FN=Anorthite TA=Talc
FP=Plagioclase Feldspar TD=Tridymite

FO=0ligoclase

TH=Thenardite

FR=Orthoclase

TE=Tremolite

FS=Sanidine

VC=Vermiculite-Chlorite

FU=Fluorite

VH=Vermiculite-Hydrobiotite
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Table 8. -- List of resistant minerals identified in the NSSC-SSL research database--Cont.

Resistant minerals

Resistant minerals

GA=Glass Aggregates

VM=Vermiculite-Mica

GC=Glass Coated Grain VR=Vermiculite
GG=Galena WE=Weatherable Mineral
GL=Glauconite WV=Wavellite
GM=Glassy Materials ZE=Zeolite
GO=Glaucophane ZO=Zoisite

GS=Glass

OT=0ther
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LON FLOW ESTIGATI ONS
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PLATTE RIVER BASIN--Continued

Elkhorn River basin--Continued - .
: : LR Lttt Observation of zero flow
ecc.k@r 1 or measured discharge, in -
sk ,..lw.  cubic feet per second
EXSAOERE YL RT3 P S

. : - September 28, October 1-2, 1979

L TN 1S

Tele o g . e ey R

Antelope Creek 4 mi southwest of Neligh in SWkSWx sec. 23

(See '"Water Resources Data for Nebraska, Water Year 1976" for low-flow information on Willow Creek.)

TZSN,R.7W.,.. ’ 0
Antelope Creek 3 mi southwest of Neligh in NWiSW4 sec. 24, T.25 N., R.7 W. ~
Hall Creek 1 mi northwest of Neligh in NEXSEk sec. 18, T. 25 N., R.6 W, "' Nor
Elkhorn River at Neligh in SEXNEX sec. 20, T.25 N., R.6 W, ‘.. [ Ner
Belmer Creek 1 mi east of Neligh in SWSWY sec. 15, T.25 N., R.6 W, o " . News
Belmer Creek at Neligh in NWkSWx sec. 21, T.25 N., R.6 W, . Tl * Nom
Cedar Creek & mi southesst of Elgin in SWSEk sec. 20, T.23 N., R.6 W. %" : - Had:
Cedar Creek S mi east of Elgin in NWkNWi sec. 11, T.23 N., R.6 W, .3’ AR Had:
West Cedar Creek st Elgin in NEXMWX sec. 11, T.23 N., R.7 W. .és ¥ v o v Nor:
WNest Cedar Creek 3 mi northeast of Elgin in SWiNWY sec..29, T.24 N.; R.6 W, < Spr
/tvges: Cedar Creek § mi east of Elgin in SWiSEX sec. 3, T.23 N., R.6 W...: - . Spri
edar Creek 3 mi southwest of Oakdale in SWxSE% sec. 22, T.24 N., R 6 W Spr
Cedar Creek at Oakdale in NWaNWh sec. 12, T.24 N., R.6 W. . - Nor
Elkhorn River 2 mi east of Oakdale in SEXNEx sec, 7, T.24 N., R. s w 2 o Eix
Elm Creek 2 mi east of Oakdale in NWiSWk sec. 8, T.24 N., R.5 W. - et Elk
Trueblood Creek 4 mi northeast of Oakdale in NWHNEH sec. 4, T.24 N., R.S W - . B
Saint Clair Creek 5 mi southeast of Oakdale in SWiSE% sec. 32, T.24 N., R.5 W. - ?1*
Saint Clair Creek 3 =i _southeast of Oakdale in NW4SW% sec. 9, T.24 N., R.S W, 7= “u- : Ui
Saint Clair Creek 3 mi east of Oakdale in SEXSWk sec. 16, T.24 N., R.§S W, /" +-v " = v-nr LR QnL
Ives Creek S mi southwest of Tildon in SEXSWk sec. 3, T.23 N., R.S W.. ' . = A ‘e Unic
Ives Creek 3 mi southwest of Tildon in NEMNW¥ sec. 27, T.24 N,, R, S W, - B AT .20 U“?
v eek 3 mi parthwest o ddon ip NWiNEk sec. 1S, T.2¢ N., R.S W. - ST ¥ Unic
{les CreeX & mi south of Tildon in NWSNEX sec. 12, 1.23 N.j K5 W. : QTR — g—t= Por)
Ciles Creek 3 mi south of Tildon in SWiSEk% sec. 36, T.24 N., R.S W, -7 TR e Ponded - Un s
Giles Creek 2 mi south of Tildon in SWkSEk sec. 25, T.24 N,, R.5 W...r™ R :.0 *'r _ Ponded Uni
| Giles Creek’st Tildon in NEKSEX sec. 13, T.24 N,, R.S W, . .c..7 W%l Ffec e omn? o ma 50 0 g 77 Tay
| Elkhorn River 1 mi north of Tildon in NEHSEH sec. 12, T.24 N.; R.S W. .~ .o oo ST e s 110 1y K Tay:
} Al Hopkins Creek 4 mi north of Tildon in SEXSE% sec. 26, T.25 N,, R.S W.~ AR A ° Tay
f Al Hopkins Creek 3 mi north of Tildon in NE4SEX sec. 36, T.25 N., R.5 W, R ' W14 Nor:
| Al Hopkins Creek 2 mi north of Tildon in SE%SE% sec. 1, T.24 N,, R, S W, =~ : s o o Un i
Dry Creek 4 mi southwest of Meadow Grove in SEXSWY sec. 4, T.23 N., R.4 W, hitd
‘ Dry Creek 3 mi southwest of Meadow Grove in SW¥SWx sec, 28, T.24 N,, R.4 W, T . ¢ Tre
Dry Creek 2 mi west of Meadov Grove in NW%SEkX sec. 21, T.24 N., R4 X, - e T - Mz
| Elkhorn River 1 mi north of Meadow Grove in SEXSEX sec. 14, T.24 N., R.4 ¥, - - 121 Mer
Ruffalo Creek 4 mi southwest of Meadow Grove in NEkNEk sec. 15, T.23 N., R.l W, ) Mer
1 ££310 Creek at Mesdow Grove in SWiSW% sec, 24, T.24 N., R4 W, He >
er Creek 4 ni southeast of Meadow Grove in SNHSNR sec., 7, T.23 N., R.3I W, o Mer
( veer Creek 2 ui eazst of Meadow Grove in NEkNEkx sec. 30, T.24 N., R.3 W, =~ °"~ ' U
v Elkhorn River 2 mi north of Battle Creek in NEkSWk sec. 30, T.24 N., R.2 W, . 148 San
Battle Creek S mi southwest of Battle Creek in NEkXNEk sec. 35, T.23 N., R.3 W0 ° = - ° 7 "o h San
Battle Creek tributary S mi southwest of Battle Creek in SWHNNE sec. 26, T.23 N., R.3 W.- . S‘T
2 Battle Creek 2 mi southwest of Battle Creek in SWkSWx sec. 12, T.23 N., R.X W~ ~ - ° R Unic
‘gh Battle Creek 1 mi north of Battle Creek in SWiNWk sec. 31, T.24 N,, R.2 W. - ST T Uni
Elkhorn River tributary 3 mi west of Battle Creek in NWkSWk sec. 34, T.24 N., R.2 W, - ° v Uni:
10 Elkhorn River tributary S mi southwest of Norfolk in NWkNEk sec. 24, T.23 N.,"R.2 W, " e Mo But
N Elkhorn River tributary 3 mi southwest of Norfolk in NEZSWY% sec. 6, T.23 N.,'R.1 W. " ) Mes
_\" Elkhorn River tributary § mi southwest of Norfolk in NEWNEX sec. 29, T.23 N., R.1 N, " 7 Mes
(it . Elkhorn River tributary 3 mi southwest of Norfolk in SExSWx scc. 8, T.23 N., R.1 ¥, - oo : Mes
o+ Elkhorn River tributary 2 mi southwest of Norfolk in SEMNWx sec.. 5, T.23 N.. R.I W, & oot e b : c’f
! Elkxhorn River at Norfolk (gage) in SWiSWx sec. 34, T.24 N., R.1 W& - oA - 183 :;
Elkhorn River 3 ni southeast of Norfolk in NWikSWx sec. 6, T.23 N., R.1 E. s 157 ;;:
North Fork Elkhorn River basin . R . RPN " T é:f
East Branch North Fork Elkhorn River at Osmond in NWkSEk sec.’ 31 T. 28 N., R.2 W, "~ * Ced
East Branch North Fork Flkhorn River 1 mi southwest of Osmond in SW4SWx sec. 36, T.28 N., R.3 W, Ccf
West Branch North Fork Elkhorn River 2 mi northwest of Osmond in SEMSWk sec. 26, T.28 N., R.3 W, Ces
West Branch North Fork Elkhorn River 2 mi southwest of Osmond in SEWSWk sec. 35, T.28 N., R.3 W, Pf
! Breslau Creek 4 mi west of Osmond in NEWNWy sec. &, T.27 N., R.3 W. Pey
; North Fork Elkhorn River 4 mi south of Osmond in NE%SE% sec. 24, T.27 N., R.3 W. z:”
; North Fork Elkhorn River 4 mi northwest of Pierce in SWySE% sec. 5, T.26 N., R.2Z W, ne
Dry Creek 1 mi’séutheast of Plainview in NEXNWk sec. 10, T.27 N., R.4 W, = : s?’
Dry Creek tributary 4 mi southwest of Plainview in SHkNﬁk sec.-29, T.27 N., R. 4 W. e Eif
Dry Creek tributary 3 mi southeast of Plainview in NEYNEk sec. 22, T.27 N., R.4 VW, ) éf;
f Dry Creek tributary 3 mi southeast of Plainview in SWiNWk sec. 14, T.27 N., R.4 W, N
i Dry Creek 3 mi northwest of Foster in SWiSWk sec. 18, T.27 N., R.3 W. Si
Dry Creek 1 mi northwest of Foster in NW4SW% sec. 28, T.27 N., R.3 W, L:;
Dry Creek 4 mi southeast of Foster in SEWNEX sec. 12, T.26 N., R.3 W.’ ” Eis
. Yankton Slough 3 mi northeast of Pierce in NEXNWY sec. 13, T.26 N., R.2 W, . R‘x
\ Yankton Slough tributary 3 mi northeast of Pierce in NEWNEk sec. 13, T.26 N., R.2 W, ROf
Willow Creek at Pierce in SWuSWk sec. 26, T.26 N., R.2 W, Rz:

Roc
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Elkhorn River basin--Continued

Observation of zero flow
or measured discharge, in
Location . cubic feet per second

September 28, October 1-2, 1979

N [ . 0 . . -~.‘:

North Fork Elkhorn River tributary 2 mi east of Pierce in NE4YNE% sec. 36, T.26 N., R.2 W, .. .

North Fork Elkhora River 3 mi southeast of Pierce (gage) in SW4SWk sec. 31, T.26 N., R.1 W, 24

North Fork Elkhorn River 3 mi northwest of Hadar in NWhSW% sec., 17, T.25 N., R.1 W, ’ 30

North Fork Elkhorn River tributary 2 mi northwest of Hadar in NEkVNH sec. 19, T ZS N., R 1 LB .0 ;‘

Hadar Creek 2 mi southwest of Hadar in SE%SE% sec. 36, T.25 N., R.2 Y. T S T T P
Hadar Creek at Hadar in SEXSWk sec. 29, T.25 N., R.1 W. - oo ’:.‘ S L0477
North Fork Elkhorn River 2 mi southeast of Hadar in SEXNWY sec. ¢, T.24 N., R.1 W, Do 9 . - ..,
Spring Creek 1 mi northeast of Hoskins in SWiSWY sec. 23, T.25 N,, R.1 E. ) e 0 .
Spring Creek 1 mi southwest of Hoskins in SE%SE% sec. 32, T.25 N., R.1 E. .. .24 .
Soring Creek 5 mi southwest of Hoskins in SE¥SWk sec. 1, T.24 N., R.1 W. ) o .22

North Fork Elkhorn River at Norfolk in SEWSE% sec. 26, T.24 N., R.1 W, [ D ST
Elkhorn River tributary 8 mi southwest of Stanton in SWaNWx sec. 6, T.22'N., R.1 E. = ', .. TR P
Elkhorn River tributary 7 mi southwest of Stanton in SWiSWk sec. 32, T.23 N., R.1 E.S 3 . '~~~ Ponded .° = .-

Elkhorn River tributary 6 mi west of Stanton in SW4NEk sec. 29, T. 23 N., R.1 E.

Pleasant Run 1 mi west of Stanton in NE4NE% sec. 25, T.23 N., R 1 E.
Union Creek 7 mi southwest of Madison in NEWNWx sec. 29, T.21 N.,
Union Creek 7 mi southwest of Madison in NW¥NWk sec. 33, T.21 N.,
Union Creek tributary 9 mi southwest of Madison in NEYSW% sec. S,
Union Creek tributary 8 mi southwest of Madison in SWkSW% sec.’ 33,
Union Creek 4 mi southwest of Madison in SWXSEk sec. 2¢, T.21 N.,
Pork plant runoff 3 mi southwest of Madison in SWiNW% sec. 18, T.2
Union Creek tributary 3 mi southwest of Madison in SWkSEk sec. 2,
Union Creeck tributary 2 mi southwest of Madison in SE%SE% sec. 12 T
Taylor Creek 6§ mi northwest of Madison in SWYNWk sec. 21, T.22 N., R.2 W,
Taylor Creek 4 mi northwest of Madison in NEWNEk sec. 27, T.22 N., R.2 W..: P
Taylor Creek 2 mi northwest of Madison in SWhiNWk sec. 30, T.22 N., R.1 W, o
North Taylor Creek 4 mi northwest of Madison in NWiNEx sec. 24, T.22 N., R.2 W
Union Creek at Madison (gage) in SW4SEk sec. 32, T.22 N., R.1 W

Meridian Creek 1 mi northwest of Creston in NHHSEH sec. 12, T.20 N., R.1 W,

Tracy Creek 2 mi northwest of Creston in SEYNE% sec. 10, T.20 N., R.1 W. .
Meridian Creek 2 mi north of Creston in SEYSW% sec:. 31, T.21 N., R.1 E. .
Meridian Creek tributary 3 mi northeast of Creston in SWkiSW% sec. 32, T.21 N,, R.1l E. 0
Meridian Creek & mi north of Creston in NEWNE% sec. 30, T.21 N., R.1 E. .01
Meridian Creek tributary § mi north of Creston in NWYNWk sec, 20, T.21 N., R.1 F. . o 0
Meridian Creek 7 mi north of Creston in SE%SE% sec. 12, T.21 N., R.1 W, : .13
Union Creek S mi east of Madison in NEXNWY sec. 6, T.21 N., R.1 E, 11
Sand Creek S ai northeast of Madison in SEXNEk sec. 14, T.22 N,, R.1 W, . 0 .
Sand Creek 6 mi northeast of Madison in NEYWNE% sec. 13, T.2Z N., R.1 ¥. .02
Sand Creek 7 mi northeast of Madison in SWWSWY% sec. 16, T.22 N., R.1 E. .13
Union Creek tributary 7 mi southwest of Stanton in NEWNE% sec. 27, T.22 N., R.1 E. o .
Union Creek 6 mi southwest of Stanton in SEuSE% sec. 15, T.2Z N., R.1 E. 3
Union Creek 3 mi southwest of Stanton in NWXNW% sec. 6, T.2Z N., R.2 E. . : . 7
Butterfly Creek 2 mi south of Stanton in SWhSE% sec. 32, T.23 N., R.2 E. . T 0
Meskenthine Creek 3 mi southeast of Hoskins in SWMSE% sec. 2, T.2¢4 N., R.1 E. 0
" Meskenthine Creek & mi southeast of Hoskins in SW%SEXx sec. 12, T.24 N., R.1 E, 0
Meskenthine Creek S mi north of Stanton in SE%SW% sec. 34, T.24 N., R.2 E, ) ) .04
Meskenthine Creek 3 mi north of Stanton in SEXSEk sec. 6, T.23 N., R.,2 E. - - 0
Meskenthine Creek at Stanton in SEWSW% sec. 20, T.23 N., R.2 E, ) . . L 0
Elkhorn River at Stanton in SEYNEW sec. 29, T.23 N., R.2 E. - N . L 136

Indian Creek 3 mi north of Stanton in NWkNE% sec. 8, T.23 N., R.2 E. v . .04 .

r!

R
R
T

Indian Creek at Stanton in NWWNWk sec. 21, T.23 N., R.2 E. .01
Cedar Creek 7 mi southeast of Stanton in NEYSE% sec. 7, T.22 N., R.3 E. 9

Cedar Creek 7 mi southeast of Stanton in SWXSE% sec. 5, T.22 N., R.3 E. . .02
Cedar Creck ¢ mi east of Stanton in SEYWNE% sec. 24, T.23 N., R.2 E. . .02
Cedar Creek & mi east of Stanton in SWXSE% sec. 13, T.23 N., R.2 E, . 0

Payne Creek 6 mi north of Stanton in SE%SE% sec. 20, T.24 N., R.2 E. . .02
Payne Creek 6 mi northeast of Stanton in SWkSE% sec. 26, T.24 N., R.2 E, _ - : .06
Payne Creek 4 mi northeast of Stanton in NWYSE% sec. 12, T.23 N., R.2 E. - : .ooTa04
North Branch Humbug Creek 5 mi northwest of Pilger in SE4SE% sec. 7, T.24 N., R.3E. .7 ,. | 1.1°
South Branch Humbug Creek 4 mi northwest of Pilger in NE4YNE% sec. 19, T.24 N,, R.3 E. .01
Humbug Creek 3 mi northwest of Pilger in SE%NEY% sec. 20, T.24 N., R.3 E. ; 1.0
Humbug Creek 1 mi west of Pilger in NE4YNE% sec. 4, T.23 N., R.3 E. _ . 1.8 .-
Elkhorn River 1 mi south of Pilger in NwhSwk sec. 2, T.23 N., R.3 E.. | R T B B2 SR
Sand Creek 3 mi northeast of Pilger in SE%NWk sec. 29, T.24 N., R.4 E, - o IR Trace -
Sand Creek 4 mi east of Pilger in SE%SEY sec. 29, T.24 N., R.4 E. oo Cee S LW03 0 e L
Leisy Creek 2 mi southwest of Wisner in NWXSE% sec. 10, T.23 N,, R.4 E. Lo . 0
Elkhorn River at Wisner in SE4WNE% sec. 11, T.23 N., R.4 E. E- ) . 240

Rock Creek 7 mi southwest of Beemer in NWXSWk sec. 2, T.22 N., R.4 E. ) L. 0

Rock Creek 6 mi southwest of Reemer in NEXNE%¥ sec. 11, T.22 N., R.4 E. . . .85
Rock Creek 4 mi southwest of Beemer in NWxNW% sec. 8, T.22Z N., R.S E. . - - 2.8

Rock Creek 2 mi west of Beemer in SWYNWkx sec. 34, T.23 N., R.S E, ’ ' . 7.8




orn RiJ;}cl'n17;;ﬁ;Sﬁbf Beemer in SWWNE% sec. 2, T.22 N,, R.§E.°-
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251
orn River at West Point (gage) in SWkNWk sec. 34, T.22 N., R.6 E.- s ., 248 -
er Créek 6 mi northwest of West Point in NWkSWx sec, 14, T.22 N., s oA 0
er Creek 5 mi northwest of West Point in NWiNEk sec, 24, T.22 N., t . .01
er Creek 3 mi northwest of West Point in NWkNW% sec. 29, T.22 N., .03
er Creek 2 mi west of West Point in NWKNE% sec. §, T.21 N., R.6 E Trace
er Creek tributary 6 mi west of West Point in SWxNWk sec. 26, T. e o ..
er Creek tributary 5 mi westof West Point in NWkNWk sec. 36, T.2 . Trace
er Creek tributary 3 mi southwest of West Point in SEXNEk sec. 7, . .02
le Creek 11 mi west of West Point in NWkNWk sec. 1, T.21 N., R4 E. .7 .. .. .
le Creek 9 mi southwest of West Point in NWkNWx sec. 8, T.21 N., R.S E.] S LT
h Branch Pebble Creek 8 mi west of West Point in NﬂkNEk sec., 32, T.22 N.. R.5 E. ... . .

h Branch Pebble Creek tributary 9 mi west of West Point in NXRN“R sec, 32, T.22 N., R.S E.

h Branch Pebble Creek 8 ai west of West Point in NEWNE% sec. 5, T.21 N., R.S Eo L . o

le Creek' 7 mi southwest of West Point in SWXNWk sec. 10, T.21 N., R.5 E.

h Branch Pebble Creek 8§ mi southwest of West Point in SEkSEk sec.’ 16, T .21 N., R.5 E.

le Creek 3 mi north of Snyder in SEkSWY sec. 36, T.21 N., R.S E. [

le Creek tributary 1 ai northwest of Dodge in SNHSH& sec. 6, T.20 N.. R. 5 E.,,, - e . 9
le Creek tributary 1 mi east of Dodge in SWiSWk sec. 9, T. 20 N,, R.S E. ., ) e .03

utary to Pebble Creek tributary 4 mi south of Dodge in NEWNWk sec.’ S, T.19 N., R.SE. I e 0
utary to Pebble Creek tributary.4 mi southwest of Snyder in NWSW¥ sec. 34, T.20 N., R.S E. - 0
atary to Pebble Creek tributary 3 mi southwest of Snyder in SWiSEk sec. 27, T.20 N., R.5 E.' - .0
itary to Pebble Creeck tributary 1 mi southwest of Snyder in NWiSWx sec. 24, T.20 N., R.§ E. .. .06
le Creek tributary at Snyder in NEMNEY sec. 24, T.20 N., R.SE. °~ .= _ . .. .. © .50
:r Creek 7 mi southwest of Snyder in NWNW4 sec.” 7, T.19 N., R.5 E.... L e ., - . O

:r Creek 7 mi southwest of Snyder in NWkNWX sec. 16 T.19 N., R.5 E. = Y ;;:.- . .03
:T Creek 7 mi southwest of Snyder in NEXMWx sec, 22, T.19 N., R.S E. . =0 “U7-=* .. : .02
e Creek at Scribner (glge) . 4.8

G

uwkssk sec. 36 T. 20 N., R.6 E. (z:ge rating dischnrze)

Eay . .- g e
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Test hole location

Location of test holes in the Lower Elkhorn Natural Resources District.

Figure 6.
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EXPLANATION

NOAA Stations

Figurs 8. Annual normal {1951-1980) precipitation in the Lower
Elkhorn Natural Resources District (modified from Steele, 1988).
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Registered irrigation well

Figure 10. Location of registered irrigation wells in the Lower
Elkhorn Natural Resources District - through March 1993.






C. Identified Needs and Deficiencies

The Lower Elkhorn NRD, like many other regions of Nebraska, has a complex
hydrogeologic system. Understanding this system is necessary for effective
groundwater management. For example, the district's mechanism for protecting
groundwater quantity (triggering actions when groundwater levels drop to place
controls on groundwater users such as industries, irrigators and municipalities) is the
same for the entire district, regardiess of local hydrogeologic conditions (refer to
Section VII.C.6). This may be over-protecting some areas while leaving other areas
under-protected, and needs to be refined so that more realistic triggers will protect
different areas.

The "Aquifer Description' section has not been updated since the original plan was
developed in 1986. Although this section is usable, it is a general evaluation of the
physical nature of the district's aquifers and needs to be updated. This will be an
ongoing effort.

There is a large volume of hydrogeologic information that exists that needs to be
compiled and interpreted for a more complete picture of the physical nature of the
aquifers in the district. This information is available from sources that have not been
fully utilized by the district, such as well driller's logs, site investigations by and for the
U.S. Environmental Protection Agency and the Nebraska Department of Environmental
Quality, and environmental audits. By gathering and interpreting existing information,
the needs for new information acquisition can also be determined. This will be an
ongoing effort. -

The University of Nebraska Conservation and Survey Division is developing a
hydrogeologic database for Pierce county using existing information. This will be a
very useful tool. The district will encourage and support future efforts by the Division to
eventually complete a database for the entire district.

The district has not yet compiled and interpreted all of the information collected by the

various NRD programs. Groundwater level data from the Willow Creek Reservoir

observation wells and the Osmond monitoring wells (these are described in Section Iii

of the plan) need to be entered into a computer database and evaluated to understand

the flow characteristics of those areas. Fall groundwater levels from the district

groundwater quantity monitoring program also need to be entered into a database to
21






evaluate seasonal groundwater fluctuations. This data will be entered by the fall of
1994,

Understanding the complex nature of the district's hydrogeology will require extensive
efforts and expertise. The NRD realizes that this will involve investing large amounts of
money and manpower, and that this process will take several years to accomplish. The
district will work with other governmental agencies and qualified consultants so that the
proper strategy and conclusions will be used in the continuing study of the
hydrogeologic characteristics of the district.

Groundwater vulnerability to quantity depletions has not been addressed. The district
has a trigger that will actuate the protective processes (Section VII.C.6.) for the entire
district. As mentioned earlier, this needs to be refined so that more realistic protective
measures will be utilized.

Some of the information presented in the U.S. Geological Survey report will be more
useful when presented on maps. This, too, will be an ongoing effort by the district.
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I11. INVENTORY OF GROUNDWATER QUANTITY AND QUALITY

A. Groundwater Quantity

Exhibit 16 shows estimates of the quantity of groundwater in storage for the district.
This exhibit was developed from information about the porosity, geographic area, and
saturated thickness of the water bearing materials in the district. Porosity and
geographic area are fixed numeric values that will only change with new information or
interpretation. Saturated thickness, however, can change seasonally. Saturated
thickness is the difference between the elevations of the base and the top of the water
bearing material, which will usually correspond to the elevations of the bedrock and the
upper groundwater surface, respectively. As water is added to the system, such as
precipitation, or is removed from the system, such as pumping groundwater from an
irrigation well, the saturated thickness changes accordingly. These changes occur
mostly at the upper groundwater surface (or the 'groundwater level'), and are
determined by measuring the depth to the groundwater from the ground surface.
Measuring the depth to groundwater is an indirect method of determining changes in
saturated thickness, and is a general indicator of groundwater quantity.

The Lower Elkhorn NRD has monitored the depth to groundwater in selected irrigation
wells throughout the district in the spring and fall of each year since 1976. The original
monitoring wells selected by the Lower Elkhorn NRD staff have been evaluated by the
University of Nebraska Conservation and Survey Division. Since 1976, six wells were
added to represent the Dakota formation, 64 wells were dropped for quality control
reasons (abandoned and cascading wells were dropped, for instance), and 18 wells
were added where the need for additional data was apparent.

Exhibit 10a shows the current group of district-wide groundwater level monitoring wells
- and Figure 7 of Insert Il - 1 shows the general depth to groundwater for these wells.
The NRD will maintain this network of wells as long as possible, and when unforeseen
events such as well abandonment or well alterations occur, the district will consult with
the University of Nebraska Conservation and Survey Division, the U.S. Geological
Survey, and other appropriate agencies to find suitable replacements.

In addition to the routinely monitored irrigation wells, the district measures groundwater
levels in wells near the city of Osmond and near Willow Creek Reservoir. There are 20
monitoring wells around Osmond, Nebraska, that are measured monthly from Apiril
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through October of each year. The data will be used to help Osmond develop a
wellhead protection program. The Willow Creek Lake (near Pierce, Nebraska), wells
are monitored as part of the maintenance program for the reservoir. Both monitoring
programs are useful in documenting groundwater level fluctuations and in
understanding local groundwater characteristics.

The district groundwater quantity monitoring program is described in Section VIl.C.1 of
this plan. Lower Elkhorn NRD personnel are certified as Monitoring Well Supervisors
as required by law.

Groundwater levels are measured using the wetted-tape method (Nielsen, 1881). Land
surface elevations are estimated from U.S. Geological Survey topographic
quadrangles. Information for individual sites is available from the Lower Elkhorn NRD
office and a summary of spring data from 1976 through 1993 appears in Appendlx 2.

All data are shared with the U.S. Geological Survey.

Table lif - 1 summarizes the spring depth to water measurements collected by the
district from 1976 through 1993. All data are in units of feet, except for the 'Location’
and 'Count' columns (no units) and the 'Year' columns. The table is a summary of the
information found in Appendix 2 and is organized by county. The first column lists the
location of each irrigation well that the district measures routinely in the spring (Exhibit
10a shows a schematic representation of the location of each well listed in this table).
The second column lists whether the well intercepts confined, unconfined or partially
confined aquifers. The next four columns are basic statistical descriptions of the data
for the period of record for each well. The 'Minimum' and Maximum' columns list the
minimum depth (highest elevation) and maximum depth (lowest elevation) of the
groundwater levels and the years that each occurred. The next column, 'Count’, lists
the number of years of data on record for each well. The final two columns list the
predevelopment estimates that exist for each well and the maximum number of feet that
the groundwater in the wells have dropped below this estimate (this is used as a
‘groundwater quantity trigger', see Section ViI).

Spring groundwater level measurements indicate that short term changes in

groundwater quantity do occur, however, there are no large areas of long term trends
for the period between 1976 and 1993.
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TABLE i1
SPRING GROUNDWATER LEVEL MEASUREMENT STATISTICAL SUMMARY
(all measurements are in feet)

BURT COUNTY
Minimum Maximum Predevelopment Level
Aquifer Mean Median Standard Minus Max.
Location Type * Depth Depth Deviation Range Depth Year Depth Year Count Estimate Depth
20N 9E 11A P 9.35 8.60 3.31 9.32 4.74 1984 14.06 1990 17 10.00 4.06
21N 8E 02C P 28.11 28.00 3.30 8.42 24.34 1993 32.76 1990 8
21N 8E 228 P 21.71 20.85 6.44 20.69 12.64 1984 33.33 1982 12
21N 8E 22C P 2264 | 2459 8.05 26.49 8.38 1984 34.85 1982 17 27.00 7.85
21N 9E 118 P 3.64 3.52 1.17 423 1.77 1984 6.00 1977 17 4.00 2.00
22N 8E 01A P 31.43 | 32.09 6.15 17.90 21.96 1987 39.86 1981 16
22N 8E 23C Y] 6.23 6.25 3.37 11.04 0.80 1984 11.84 1981 18 7.00 4.84
22N 8E 33D P 18.88 | 20.97 6.22 19.12 9.43 1984 28.55 1982 18 22.00 6.55
22N 9E 10C P 165.24 | 164.91 3.86 13.56 158.36 1984 171.92 1982 18 160.00 11.92
22N 9E 208 P 159.22 | 160.52 5.06 15.93 152.27 1987 168.20 1981 16
22N 9E 268 P 148.75 | 149.26 3.84 13.32 141.58 1984 154.90 1982 16
22N 9E 34D P 113.28 | 111.47 3.53 11.58 107.89 1987 119.47 1990 11
22N10E 19C P 179.39 | 178.74 3.60 12.88 172.62 1987 185.50 1982 17 175.00 10.50
23N 8E 02A 13.47 | 13.36 3.10 10.06 7.91 1984 17.97 1990 18 15.00 297
23N 9E 36C P 174.45 | 173.15 5.94 21.84 162.65 1979 184.49 1980 16
24N 8E 33A P 9.90 10.30 2.82 10.04 3.90 1984 13.94 1990 17 10.00 3.94
CEDAR COUNTY
Minimum Maximum Predevelopment Level
Aquifer Mean Median Standard Minus Max.
Location Type * Depth  Depth Deviation Range Depth Year Depth Year Count Estimate  Depth
28N 1E 048 U 182.14 | 182.24 1.19 4.02 180.04 1988 184.06 1983 18 180.00 4.06
-~} 28N 1E 33A Y] 196.24 | 196.55 1.45 4,75 193.69 1988 198.44 1983 17 194.00 4.44
28N 2E 20C Y] 135.31 | 136.05 242 7.03 130.92 1988 137.95 1982 17 134.00 3.95
28N 2E 36C Y] 32.21 33.79 3.21 9.68 26.10 1984 35.79 1982 18 32.00 3.79
28N 3E 078 U 36.96 | 3685 0.75 2.86 35.36 1984 38.22 1991 18 35.00 3.22
28N 3E 118 P 1273 | 1276 1.95 6.35 9.45 1979 15.80 1991 18 11.00 480
28N 3E 27A P 58.16 | 59.45 2.68 6.78 53.97 1985 60.75 1982 17 57.00 3.75
29N 1E 19C U 24663 | 246.68 0.82 3.03 245.18 1988 248.21 1983 18 245.00 3.21
29N 1E 258 P 79.85 | 80.75 2.43 7.38 75.62 1988 83.00 1982 17 78.00 5.00
29N 2E 13A P 61.17 | 61.90 208 7.14 56.86 1984 64.00 1976 18 63.00 1.00
29N 2E 338 Y] 112.60 | 113.41 2.32 6.65 108.62 1988 115.27 1982 18 112.00 327

* C = Confined Aquifer; U = Unconfined Aquifer; P = Partially Confined Aquifer
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SPRING GROUNDWATER LEVEL MEASUREMENT STATISTICAL SUMMARY
(alt measurements are in feet)

TABLE 1H-1 (continued)

COLFAX COUNTY
Minimum Maximum Predevelopment Leve|
Aquifer Mean Medlan Standard Minus Max.
Location Type * Depth  Depth Deviation Range Depth Year Depth Year Count Estimate  Depth
18N 3E 11D U 88.76 | 88.08 229 7.01 86.27 1988 93.28 1982 16
18N 3E 128 P 40.11 40.08 1.67- 4.61 38.13 1993 42.74 1969 8
18N 3E 24A U 101.35 | 100.69 1.87 6.15 98.69 1988 104.84 1982 18 100.00 4.84
18N 4E 02D U 56.10 | 55.95 5.43 17.60 47.90 1987 65.50 1982 18 55.00 10.50
~4 19N 3E 108 P 174.67 | 175.20 4.45 14.04 167.55 1987 181.58 1981 18 168.00 13.59
19N 3E 13D P 7.11 717 3.92 12.41 2.29 1984 14.70 1981 16
19N 3E 21A U 47.33 | 47.67 4.64 14.46 40.66 1987 55.12 1981 16
19N 3E 30C P 29.12 | 28.63 4.49 15.64 23.46 1987 39.10 1977 18 29.00 10.10
19N 4E 05D P 135.67 | 136.49 3.44 13.09 127.43 1976 140.52 1981 18 126.00 14.52
19N 4E 15A C 3.64 3.51 0.8 276 2.22 1986 4.98 1989 8
19N 4E 308 P 764 | 768 393 12.80 3.14 1984 15.94 1981 18 7.00 8.94
20N 3E 03D P 119.31 | 120.52 5.56 17.39 110.45 1984 127.84 1982 16
20N 3E 06D P 30.14 | 3207 7.07 23.77 16.90 1984 40.67 1981 18 26.00 14.67
20N 3E 21A P 2265 | 2455 6.31 21.27 11.87 1984 33.14 1981 18 18.00 15.14
20N 3E 35A P 9.17 9.04 3.30 10.80 4.89 1984 15.69 1981 16
20N 4E 02A 35.45 | 34.76 2.28 7.07 32.63 1987 39.70 1982 17
20N 4E 20A P 10.55 | 10.87 294 8.33 6.37 1984 14.70 1977 18 10.00 4.70
CUMING COUNTY
Minimum Maximum Predevelopment Level
Aquifer Mean Median Standard Minus Max.
Location Type*  Depth  Depth Deviation Range Depth Year Depth Year Count Esltimate  Depth
21N 5€ 26C P 47.98 | 47.79 4.41 19.25 42.59 1987 61.84 1981 18 48 13.84
21N 6E 228 U 4.62 4.51 0.60 1.66 3.93 1993 5.59 1990 8
21N 6E 28A 3.1 3.16 0.85 2.83 1.64 1993 4.47 1981 18 4 0.47
21N 7E 208 P 117.00 | 117.63 4.31 13.31 110.22 1985 123.53 1982 18 117 6.53
22N 4E 16C U 162.92 | 162.45 3.02 8.78 158.45 1988 167.23 1982 18 160 7.23
22N 5€ 15C P 76.48 | 76.51 2.58 7.79 72.27 1984 80.06 1976 18 78 2.06
22N 6E 028 Cc 53.38 | 54.04 265 8.96 47.97 1987 56.93 1981 18 53 3.93
22N 7E 36A U 119.10 | 120.47 6.47 20.11 109.62 1987 129.73 1982 15
23N 4E 07D P 53.49 | 54.91 3.76 11.71 46.54 1985 58.25 1979 18 54 425
23N 4E 368 35.02 | 34.60 259 7.06 31.53 1985 38.59 1982 18 36 2.59
23N 5E 02A U 4487 | 45.21 1.99 7.35 40.16 1984 47.51 1990 18 44 3.51
23N 5€ 21D P 5.53 5.90 1.83 6.76 1.26 1984 8.02 1981 18 7 1.02
23N 6W 108 151.10 | 150.70 0.75 1.34 150.63 1993 151.97 1992 3
24N 4E 09C U 4450 | 43.85 1443 | 4442 17.70 1987 62.12 1977 18 58 412
24N 5E 11A U 143.67 | 143.74 1.44 4.61 141.59 1984 146.20 1982 17 140 6.20
24N 5€E 19C P 105.79 | 103.02] 11.98 | 52.22 82.07 1993 134.29 1990 17 96 38.29
24N 7E 10D P 16.77 | 18.43 3.91 13.23 8.48 1984 21.71 1981 18 17 4.71
24N 7E 17B 5.68 5.27 4.10 11.87 0.62 1984 12.49 1981 18 8 4.49

* C = Confined Aquifer; U = Unconfined Aquifer; P = Partially Confined Aquifer
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SPRING GROUNDWATER LEVEL MEASUREMENT STATISTICAL SUMMARY

TABLE 1I-1 (continued)

(alt measurements are in feet)

DIXON COUNTY
inimu Maximum Predevelopment { evel
Aquifer Mean Median Standard Minus Max.
Location Type*  Depth Depth Deviation Range  Depth Year Depth Year Count Estimate  Depth
27N 4E 03A U 17.77 | 17.28 3.87 1233 12.04 1984 24.37 1990 17 17 7.37
27N 4E 17C U 2998 | 31.97 3.48 9.53 24.17 1993 33.70 1981 18 31 270
27N 4E 34A P 244 | 23.28 2.41 7.27 18.17 1984 25.44 1976 18 23 244
27N 5E 18D P 18.07 | 19.01 2.94 9.55 12.45 1984 22.00 1976 18 19 3.00
27N 5€ 34D P 27.49 | 2895 3.65 12.62 18.95 1984 31.57 1990 17 28 357
28N 4E 048 P 129.85 | 128.92 2.70 6.85 126.31 1988 133.16 1979 17 129 4.16
28N 4E 18A P 37.06 | 37.42 1.73 6.07 33.65 1984 39.72 1991 17 38 1.72
28N 4E 228 P 18.21 19.60 3.96 12.69 10.27 1984 22.96 1977 17 20.00 2.96
DODGE COUNTY
Minimum Maximum Predevelopment Level
Aquife! Mean Median Standard Minus Max.
Location Type * Depth  Depth Deviation Range Depth Year Depth Year Count Estimate  Depth
18N 5E 04A U 216 | 21.24 2.66 8.46 18.76 1987 27.22 1892 10
18N 5E 06D U 30.60 | 30.41 4.33 13.70 23.98 1987 37.68 1982 18 28.00 9.68
18N S5E 15D U 79.91 79.94 1.37 4.49 77.94 1985 82.43 1981 18 78.00 4.43
18N 6E 078 U 64.86 | 65.07 1.30 3.20 63.32 1986 66.52 1992 8
18N 6E 10A U 66.46 | 66.65 1.15 3.07 64.87 1988 67.94 1992 8
18N 6E 15A U 1269 | 1285 0.82 2.53 11.52 1886 14.05 1982 18 11.00 3.05
18N 6E 17A U 7.70 7.97 0.95 2.64 6.09 1986 8.73 1983 12
18N 7E 03A U 2045 | 20.73 1.40 3.96 18.12 1987 22.08 1992 8
18N 7E 068 U 16.42 | 16.46 0.77 3.31 14.50 1984 17.81 1989 18 13.00 481
18N 8E 02A U 7237 | 7241 1.40 3.81 70.45 1985 74.26 1977 18 72.00 2.26
18N 8E 13D U 18.77 | 18.67 1.70 5.79 16.10 1984 21.89 1981 18 20.00 1.89
18N 8E 16D U 70.69 | 70.63 1.99 6.28 67.22 1988 73.50 1982 18 71.00 2.50
19N 5E 198 P 217.78 | 217.75 4.24 17.55 212,27 1987 229.82 1980 17 216.00 13.82
19N 5E 308 U 242.63 | 242.76 3.13 8.84 238.27 1987 24711 1990 8
19N 5E 36A U 9.12 9.94 3.25 10.36 3.34 1984 13.70 1981 18 9.00 4.70
19N 6E 22A P 21.29 | 1952 9.60 28.69 8.61 1987 37.30 1982 18 22.00 15.30
19N 6E 248 Cc 53.34 | 53.20 2.42 9.83 48.37 1989 58.20 1982 12
19N 7E 19D U 66.17 | 66.05 1.53 4.43 63.79 1988 68.22 1992 8
19N 7E 25C U 73.42 | 73.52 1.73 5.21 70.98 1985 76.19 1981 16
19N 9E 06D C 2560 | 27.34 6.66 23.03 13.95 1993 36.98 1982 12
20N 5E 02D P 4119 | 41.90 2.49 6.45 37.13 1987 43.58 1992 8
20N 5E 13A 47.11 47.67 2.05 7.55 42.65 1984 50.20 1990 16
20N 5E 178 7292 | 72.95 3.87 11.74 67.16 1987 78.90 1982 18 72.00 6.90
20N 5€E 22C 9] 7406 | 74.46 1.79 475 71.37 1987 76.12 1892 8
20N S5E 26D P 20.18 | 2055 2.58 7.76 16.14 1984 23.90 1982 18 20.00 3.90
20N 6E 02A U 8.40 8.65 1.26 3.70 6.66 1987 10.36 1981 18 8.00 2.36
20N 6E 23A P 9.56 9.72 1.36 4.41 7.45 1984 11.86 1981 18 9.00 2.86
20N 6E 33A 2.03 1.59 227 7.54 -0.90 1984 6.64 1981 18 3.00 364
20N 8E 088 33.46 | 3285 2.54 9.03 30.41 1987 39.44 1982 12
20N 6E 23D 4.44 4.82 1.12 2.15 3.18 1993 5.33 1992 3

* C = Confined Aquifer; U = Unconfined Aquifer; P = Partially Confined Aquifer
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SPRING GROUNDWATER LEVEL MEASUREMENT STATISTICAL SUMMARY

TABLE lil-1 (continued)

(all measurements are in feet)

KNOX COUNTY
Minimum Maximum Predevelopment { evel
Aquifer Mean Median Standard Minus Max,
Location Type*  Depth  Depth Deviation Range Depth Year Depth Year _Count Estimate  Depth
29N 2W 08A U 250.17 | 250.03 0.86 3.19 248.58 1976 251.77 1992 18 247.00 4.77
29N 2W 33C 75.40 | 77.08 5.61 17.89 64.82 1988 82.71 1992 18 72.00 10.71
29N 3W 04C U 164.31 | 16453 0.76 2,72 162.81 1977 165.53 1984 17 161.00 4.53
29N 3W 34A 111.02 { 111.31 1.90 5.88 107.71 1989 113.59 1984 18 109.00 4.59
29N 4W 35C C 75.09 | 75.08 2,18 6.19 71.75 1988 77.94 1982 18 73.00 4.94
MADISON COUNTY
Minimum Maximum Predevelopment Level
Aquifer Mean Median Standard Minus Max.
Location Type * Depth  Depth Deviation Range Depth Year Depth Year Count Estimate Depth
2IN 1W 11A P 2069 | 2043 1.90 6.54 17.59 1984 2413 1977 18 22.00 213
2IN 1W 17C U 129.86 | 129.79 2.09 6.03 126.73 1993 132.76 1982 17 130.00 276
21N 2W 21D U 79.27 | 78.21 2.89 7.92 75.22 1988 83.14 1982 18 81.00 214
2IN3W 11B U 55.30 | 53.21 474 13.37 48.52 1987 61.89 1982 18 58.00 3.89
22N 2W 07B P 77.26 | 76.71 270 7.63 73.19 1988 80.82 1982 18 77.00 3.82
22N 2W 08C U 87.87 | 87.06 2.50 6.46 84.63 1989 91.09 1982 18 87.00 4.09
22N 2W 09D 92.89 | 9223 2.48 6.89 89.27 1988 96.16 1982 18 92.00 4.16
22N 2W 248 P 59.75 | 59.14 1.63 4.86 57.36 1987 62.22 1977 18 60.00 222
22N 2W 26C U 67.41 66.49 1.67 473 65.37 1987 70.10 1977 18 67.00 3.10
22N 3W 05A U 107.73 | 107.26 3.51 9.94 102.74 1988 112.68 1982 17 110.00 24
22N 3W 21C 64.32 | 62.91 4.83 14.30 56.88 1987 71.18 1982 18 65.00 6.18
22N 3W 26A U 125.87 | 128.14 4.56 11.08 119.94 1987 131.02 1982 18 127.00 4.02
22N 3W 27C 99.86 | 98.41 5.66 1525 | * 9216 1993 107.41 1982 18 102.00 5.41
22N 4W 02D P 120.70 | 120.02 3.83 11.92 114,51 1987 126.43 1982 18 123.00 3.43
22N 4W 17C U 177.01 | 176.66 3.83 10.79 171.62 1988 182.41 1982 17 176.00 6.41
22N 4W 19C 151.67 | 151.27 2.34 7.97 148.80 1988 156.77 1983 11
22N 4W 23D P 101.17 | 100.38 5.09 14,77 93.56 1988 108.33 1982 18 102.00 6.33
23N 1W 08C C 3N 357 1.98 7.38 0.64 1984 8.02 1977 18 5.00 3.02
23N 1W 12D ' 2.1 2.65 077 | 342 1.25 1991 4.67 1977 18 3.00 1.67
23N 2W 08C U 9.28 10.03 2,76 9.28 4.1 1987 13.39 1977 18 10.00 3.39
23N 2W 21A U 78.07 | 77.73 3.51 10.55 72.13 1987 82.68 1982 18 80.00 2.68
23N 3W 07C 5.71 5.88 2.51 7.57 1.56 1987 9.13 1982 17 7.00 213
23N 3W 10C U 66.32 | 66.32 1.95 6.16 62.90 1987 69.06 1977 18 66.00 3.06
23N 3W 36D U 109.98 | 109.28 2.64 7.63 106.10 1988 113.73 1982 18 110.00 3.73
23N 4W 04C U 10.65 11.26 2.64 7.61 6.28 1987 13.89 1982 18 10.00 3.89
23N 4W 19A P 63.27 | 6275 3.33 9.84 58.03 1987 67.87 1982 17 63.00 487
24N 1W 03D U 16.27 16.39 1.06 3.17 14.48 1984 17.65 1977 18 10.00 7.65
24N 2W 18C C 83.11 83.53 1.30 3.92 80.90 1984 84.82 1977 18 82.00 2.82
24N 3W 08A U 133.09 { 134.04 3.32 9.05 127.63 1987 136.68 1979 18 134.00 268
24N 3W 25D U 4.23 4.06 1.38 373 237 1979 6.10 1990 18 4.00 210
24N 4W 10A 84.33 | 84.82 2.10 6.04 81.08 1987 87.12 1977 17 85.00 212
24N 4W 28D U 249 | 2228 3.73 13.54 16.88 1984 30.42 1992 18 22.00 8.42

* C = Confined Aquifer; U = Unconfined Aquifer; P = Partially Confined Aquifer
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SPRING GROUNDWATER LEVEL MEASUREMENT STATISTICAL SUMMARY

TABLE 1li-1 (continued)

(all measurements are in feet)

PIERCE COUNTY
Minimum Maximum Predevelopment Level
Aquifer Mean Median Standard Minus Max.
Location Type * Depth  Depth Deviation Range Depth Year Depth Year Count Estimate Depth
25N 1W 238 C 3245 | 3439 4.15 11.19 25.68 1987 36.87 1982 18 33 3.87
25N 1W 26D C 2560 | 27.58 454 12,30 18.13 1987 30.43 1992 18 27 343
26N 1W 20C U 4046 | 41.26 233 6.23 36.77 1985 43.00 1979 18 40 3.00
26N 2W 058 U 8.33 8.95 1.73 5.80 457 1984 10.37 1890 18 8 237
26N 2W 22D 4,03 4.45 1.96 5.85 0.83 1984 6.68 1991 18 4 268
27N 1W 03A 203.82 | 203.79 0.57 2.16 202.88 1989 205.04 1984 18
27N 2w 01C U 155.87 | 155.99 3.53 13.36 148.40 1989 161.76 1981 18 154 7.76
27N 2W 05C U 87.64 | 88.39 243 7.23 83.79 1988 91.02 1982 18 86 5.02
27N 2W 13A P 67.25 | 6859 3.64 11.25 60.35 1988 71.60 1981 18 67 4.60
27N 2W 20C U 13.71 14.46 2.19 6.58 10.54 1987 17.12 1981 18 14 3.12
27N 2W 24C U 123.88 | 125.62 3.94 11.14 117.39 1988 128.53 1981 17 122 6.53
27N 3W 05A U 10.26 | 10.61 2.42 7.94 6.04 1984 13.98 1991 18 9 498
27N 3w 058 P 2398 | 2421 2.28 7.44 20.40 1984 27.84 1991 18 23 4.84
27N 3W 06C Cc 63.38 | 63.44 1.71 5.15 60.72 1987 65.87 1991 18 63 287
27N 3w 22D U 66.82 | 67.75 3.05 9.46 62.13 1984 71.59 1981 18 66 5.59
27N 3W 25D U 48.14 | 48.62 2.07 7.05 43.68 1984 50.73 1990 18 47 3.73
27N 4W 06D 30.86 | 31.21 2.71 9.70 25.25 1984 34.95 1991 18 30 4.95
27N 4W 168 U 1066 | 10.94 2.57 8.87 5.37 1984 14.24 1991 18 10 424
28N 2w 128B P 22497 | 22478 2.08 7.96 220.80 1976 228.76 1992 18 219 9.76
28N 2w 32C U 47.79 | 4817 2.89 8.05 43.70 1987 51.75 1981 18 47 475
28N 3W 12D P 113.45 | 115.04 4.51 13.72 104.95 1988 118.67 1981 18 112 6.67
28N 3W 248 U 133.77 | 134.68 3.04 9.94 127.86 1988 137.80 1981 18 132 5.80
28N 4W 05A U 117.40 | 118.29 3.26 10.26 111.72 1987 121.98 1982 18 116 5.98
28N 4W 218 U 118.69 { 119.64 3.08 9.58 113.28 1987 122.86 1982 18 118 4.86
28N 4W 248 U 2467 | 2498 2.22 7.12 21.03 1987 28.15 1981 18 24 415
28N 4W 268 U 2220 | 2283 243 7.08 18.24 1987 25.32 1982 18 21 4.32
28N 4W 34C u 35.70 | 35.86 222 6.67 31.88 1987 38.55 1982 18 35 3.55
PLATTE COUNTY
Minimum Maximum Predevelopment Level
Aquifer Mean Median Standard Minus Max.
Location Type * Depth  Depth Deviation Range Depth Year Depth Year Count Estimate Depth
20N 1E 07D U 63.71 62.64 242 7.53 60.44 1984 67.97 1981 18 65.00 297
20N 1W 098 11.01 9.17 3.39 9.81 6.69 1993 16.50 1981 18 13.00 3.50
20N 1W 338 U 7427 | 74.18 4.15 11.54 68.27 1988 79.81 1981 18 76.00 3.81
20N 2W 08C 20.33 19.92 5.71 17.51 11.04 1987 28.55 1981 18 23.00 5.55
20N 2W 218 U 103.46 | 103.67 6.80 20.43 92.24 1988 112.67 1981 18 108.00 467
20N 3W 14A U 59.80 | 59.53 8.03 22.81 47.34 1988 70.15 1981 18 66.00 4.15

¢ C = Confined Aquifer; U = Unconfined Aquifer; P = Partially Confined Aquifer
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SPRING GRIOUNDWATER LEVEL MEASUREMENT STATISTICAL SUMMARY

TABLE 11I-1 (continued)

(all measurements are in feet)

STANTON COUNTY
Minimum Maximum Predevelopment Levet
Aquifer Mean Median Standard Minus Max.
Location Type*  Depth Depth Deviation Range  Depth Year Depth Year Count Estimate  Depth
21N 1E 31A 77.46 | 75.83 8.56 31.19 66.45 1983 97.64 1992 18 75.00 2264
21N 3E 35D P 166.63 | 168.50 4.85 14.81 159.16 1985 173.97 1982 15
22N 1E 04D P 58.08 | 59.72 356 | 11.43 50.99 1984 62.42 1981 16
22N 1E 08B 31.75 | 33.17 3.61 10.45 25.40 1985 35.85 1982 18
22N 1E 12C 3087 | 29.75 4.51 14.80 22.93 1984 37.73 1991 18 26.00 11.73
22N 1E 18B U 130.57 | 130.66 2.83 10.64 125.15 1984 135.79 1990 18 130.00 5.79
22N 2E 31C P 146.86 | 146.98 1.41 3.78 145,28 1987 149.06 1992 8
22N 3E 238 P 233.30 | 233.17 2.66 7.90 229.30 1988 237.20 1982 18 232.00 5.20
23N 1E 19A U 4.50 4.36 0.93 3.23 2.90 1984 6.13 1981 18 5.00 1.13
23N 2E 18A P 77.97 | 78.78 237 7.36 73.76 1985 81.12 1977 17 77.00 412
23N 2E 278 8.95 9.34 212 6.78 4.87 1984 11.65 1991 18 9.00 2.65
23N 3E 07B U 12.14 12.60 2.03 6.36 8.20 1984 14.56 1981 18 12.00 2.56
23N 3E 20A U 66.49 | 67.58 2.74 8.68 61.56 1985 70.24 1982 18 63.00 7.24
23N 3E 25C U 99.44 | 99.68 3.01 8.84 94.66 1988 103.50 1982 18 98.00 5.50
24N 2E 02B C 48.72 | 4947 1.88 5.38 45.76 1988 51.14 1982 16
24N 2E 36A U 199.91 | 200.60 2.00 6.41 196.59 1987 203.00 1981 17 192.00 11.00
24N 3E 17C P 2422 | 2544 4.05 12.14 17.32 1985 20.45 1981 18 25.00 445
24N 3E 198 U 63.29 | 63.76 247 6.07 60.36 1987 66.43 1992 8
24N 3E 25D U 267 2.64 1.86 6.54 -0.24 1984 6.30 1981 18 4.00 2.30
24N 3E 35D 8.10 8.39 248 7.45 4.03 1984 11.49 1981 18 9.00 240
21N 3E 11D 1216 | 1242 237 8.01 7.75 1984 15.76 1977 16 11.00 476
THURSTON COUNTY
Minimum Maximum Predevelopment Level
Aquifer Mean Median Standard Minus Max.
Location Type ¢ Depth  Depth Deviation Range Depth Year Depth ~ Year Count Estimate Depth
24N 8E 17C P 28.28 | 27.98 5.45 16.08 20.67 1987 36.75 1982 18 30.00 6.75
24N 8E 22A P 2153 | 21.74 3.23 9.77 16.08 1984 25.85 1990 17 23.00 2.85
25N 5€ 02A P 39.80 37.64 9.97 3424 28.26 1887 62.50 1979 15
25N 6E 09C Y] 2290 | 2386 2.58 8.36 17.23 1984 25.59 1982 18 22.00 3.59
25N 6E 34C U 46.00 45.90 2.30 7.11 42.96 1987 50.07 1982 17 45.00 5.07
26N 5 24D U 18.51 21.48 5.39 14.38 9.35 1984 23.73 1882 18 21.00 2.73

* C = Confined Aquifer; U = Unconfined Aquifer; P = Partially Confined Aquifer
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SPRING GROUNDWATER LEVEL MEASUREMENT STATISTICAL SUMMARY

TABLE II-1 (continued)

(all measurements are in feet)

WAYNE COUNTY
Minimum Maximum redevelopment Levi
Aquifer Mean Median Standard Minus Max.
Location Type * Depth  Depth Deviation Range Depth Year Depth Year Count Estimate Depth

25N 1E 30C U 109.92 | 111.45 4.78 13.24 102.00 1987 115.24 1992 18 110.00 5.24
25N 2E 09C P 121.45 | 121.65 2.84 9.68 116.20 1987 125.88 1992 16

25N 3E 12B C 141.39 | 141.71 3.88 11.55 135.25 1984 146.80 1990 18 140.00 6.80
25N 4E 208 P 40.31 39.26 4.27 11.05 35.33 1884 46.38 1990 12

25N 4E 238 C 48.85 | 47.79 3.87 10.21 44.38 1884 54.59 1990 12

26N 1E 188 P 203.51 | 203.74 1.60 4.95 200.85 1989 205.80 1981 18 201.00 4.80
26N 2E 038 P 130.76 | 131.96 2.61 7.27 126.78 1987 134.05 1982 17 129.00 5.05
26N 2E 14D Y 37.64 | 39.29 3.23 10.58 31.91 1884 42.49 1877 17 41.00 1.49
26N 2E 21B P 102.66 | 103.39 2.48 7.52 98.41 1987 105.93 1981 17 101.00 4.93
26N 3E 08C P 13.08 | 1291 2.42 9.02 9.00 1884 18.02 1990 18 12.00 6.02
26N 3E 31D P 1396 | 13.93 2.38 8.15 9.74 1983 17.89 1977 18 13.00 4.89
26N 4E 12C P 48.21 47.68 2.57 6.79 45.11 1987 51.90 1982 18 49.00 2.90
26N 4E 17A P 2455 | 24.64 1.74 5.44 21.64 1983 27.08 1990 18 22.00 5.08
26N 5E 27C P 52.30 | 54.70 6.48 18.56 42.52 1884 61.08 1882 18 55.00 6.08
26N 5E 29D P 93.64 | 93.90 6.69 19.42 84.13 1884 103.55 1982 15

27N 1E 30A U 248.78 | 249.03 1.13 3.90 246.60 1979 250.50 1983 17 246.00 4.50
27N 2E 06D P 157.32 | 157.74 1.80 5.61 153.99 1988 159.60 1982 18 155.00 4.60
27N 3E 068 P 122.34 | 123.71 3.12 9.02 116.93 1884 125.95 1982 18 122.00 3.95
27N 3E 10C C 8.09 8.56 2.66 7.70 3.58 1984 11.28 1991 18 8.00 3.28
27N 3E 12D P 103.29 | 104.53 287 | 8.24 98.65 1987 106.89 1992 18 102.00 4.89

* C = Confined Aquifer; U = Unconfined Aquifer; P = Partially Confined Aquifer

B. Groundwater Quality

1. Groundwater Quality Monitoring Program

a. The district groundwater quality monitoring program is described in Section
VII.C.2 of the plan. The program consists of maintaining a network of 81
irrigation wells for district-wide groundwater quality monitoring that are on a
5-year sampling cycle. Specialized monitoring is also performed to evaluate
local conditions on a concentrated basis.

The district sampled the network of 81 irrigation wells over several years in
the late 1980's. Nitrate-nitrogen, volatile organic compounds, and the

pesticide extractable screen performed by the Nebraska Department of

Health were determined to obtain a baseline of water quality data. There
were no traces of pesticides detected. Volatile organic compounds were not
detected either, however volatile organic compounds would not be normally
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be expected at these rural area sampling sites and the sample collection
procedure, although it included the proper sample containers and
preservatives, was not correct for volatile compounds since the samples were
collected from the irrigation pump discharge. Thirteen of the 81 irrigation
wells contained elevated (greater than 10 milligrams per liter) nitrate-nitrogen
levels. The baseline sampling took several years to accomplish, and
additional compounds were added over this period of time. A listing of the
compounds tested is included in Appendix 4.

The NRD collected more samples from the areas where nitrate-nitrogen
contamination was found. Exhibit 17a shows these areas. The area east of
Pierce, Nebraska is the largest contaminated area.

b. Sampling Protocol

The NRD realizes the limitations of using irrigation wells as monitoring wells,
and is very careful to ensure that all water quality data collected are as
meaningful as possible. The district sampling protocol follows state and
federal guidelines (American Public Health Association, 1992, and U.S.
Environmental Protection Agency, 1983). The laboratory that will receive
NRD samples must be certified by the state for the parameters performed
and is always consulted for sample collection instructions. Sampling
equipment and sample bottles are supplied by the lab to ensure proper bottle
types, volumes and preservation techniques are used. The district requires
laboratory analysis to conform to Environmental Protection Agency approved
methods.

Detailed sampling requirements differ for each parameter being estimated.
Irrigation wells are purged for a minimum of 4 hours prior to sample collection
to ensure consistent results. The district collects one field replicate for every
10 samples collected. When replicate sample results vary more than 10%,
the district will notify the lab to determine the cause and corrective actions
needed. Water temperature is determined in the field with hand-held dial
thermometers.
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Each well that is sampled is assigned a permanent NRD identification
number. Field sheets are filled out for each well that includes a detailed
description of site conditions and well location.

c. Information Handling Procedures

Each sampling site is assigned a unique identification code. All results are
furnished to the landowner and/or farm operator. Results are also stored
electronically in a database that includes the well's owner, registration
number, and location. Separate databases exist for groundwater levels,
nitrate-nitrogen concentration, and chemigation permits; and the NRD is in
the process of tying these together with a relational database.

2. General Groundwater Quality Studies

Groundwater quality determines its suitability for different uses. For example,
water high in nitrate-nitrogen may not be suitable for drinking water but may be
ideal for irrigation. Some important characteristics of groundwater include
hardness, pH, conductivity, sodium, potassium, alkalinity, sulfate, chloride,
fluoride, silica, boron, iron, manganese, selenium, phosphorous, dissolved solids
and nitrates. Many of these are not considered hazardous and limits of
concentration in drinking water have not been established by the Environmental
Protection Agency. Fluoride, nitrates, and selenium have established limits and
do occur naturally in Nebraska's groundwater.

Nitrate in groundwater presents a hazard because it may cause
methemoglobinemia (blue baby syndrome) in infants and animals. The
Environmental Protection Agency has established a limit for nitrate in drinking
water of 10 milligrams per liter. There is some naturally occurring nitrate in
groundwater, however, these concentrations are normally low (1 to 3 milligrams
per liter). Greater concentrations indicate contamination due to human
activities. Contamination occurs when nitrate is leached through the soil and
into the groundwater from sources such as fertilized fields, feedlots, and septic
tank drain fields. It occurs much more readily where the soil is coarse and can
be compounded by irrigation. Point sources such as spiils and well
contamination usually cause the highest concentrations of nitrate.
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In recent years public concern over nitrate contamination has increased. Nitrate
in groundwater will be a subject of continuing study and monitoring so that areas
with a high potential for contamination can be identified and protected. Efforts
by the district, the University of Nebraska, the Nebraska Departments of
Environmental Quality and of Health, the U.S. Environmental Protection Agency,
and the U.S. Geological Survey have contributed to determining the locations
and extent of groundwater nitrate contamination.

Exhibit 17 indicates locations in the Lower Elkhorn NRD where nitrate
concentrations greater than 10 milligrams per liter have been detected in public
water supplies by the Nebraska Department of Health. Appendix 4 lists nitrate-
nitrogen values from the district groundwater quality monitoring program.

Exhibit 17a shows areas where nitrate-nitrogen contamination (areas where
nitrate-nitrogen exceeds 5 milligrams per liter) has been detected by studies that
the district has been involved with.

a. Dr. Bruce Hanson conducted a baseline study of the nitrate-nitrogen content
of the groundwater in Pierce county for the University of Nebraska
Conservation and Survey Division (Hanson, 1983). The study was done to
document groundwater nitrate-nitrogen levels in the early 1980's in Pierce
county and to provide a baseline of data for future comparison. The
information from this study and from subsequent studies is included in
Appendix 4, and the location of irrigation wells with values greater than 5
milligrams per liter nitrate-nitrogen is presented in figure 17a. Sand-pits,
irrigation wells, domestic wells, municipal wells, and a flowing field tile drain
were sampled and analyzed for nitrate-nitrogen, temperature, and specific
conductivity from 1980 through 1982.

The results of the 156 samples collected at 135 sites ranged from 0.00 to
53.7 and averaged 6.4 milligrams per liter nitrate-nitrogen. Half of the 26
samples that were over 10 milligrams per liter nitrate-nitrogen occurred in a
nine square-mile area east of the city of Pierce. Dr. Hanson concluded that
the source of the elevated nitrate-nitrogen levels was probably under-utilized
commercial fertilizer. He estimated the total amount of contamination in the
county to be roughly 5,000 tons in the 1983 report.
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Seventeen of the sites sampled had been previously sampled during the
period from 1943 to 1979 by various state and federal agencies. Dr. Hanson
concluded that nitrate-nitrogen in these wells had risen since 1970.

This information is very useful for detecting changes and trends in nitrate-
nitrogen levels, since it is the earliest detailed study of nonpoint source
poliution in the district. Forty-two of the sites sampled by the Division have
been resampled by the district with varying results. Comparing results from
this study (early 1980's) with subsequent sampling (late 1980's and early
1990's) shows that in general, low values remained low and high values
remained high or increased (see Appendix 4).

b. The University of Nebraska Water Center conducted a study of nitrate
contamination in domestic wells in Nebraska, and approximately 134 wells
were sampled for nitrate-nitrogen analysis throughout the Lower Elkhorn
NRD in 1987 and 1988 (Spalding, 1991; Appendix 4). Cedar and Cuming
counties were among the five highest counties for mean nitrate-nitrogen
concentrations in the state. Table Il - 1 summarizes the nitrate-nitrogen and
pesticide results of the study within the Lower Elkhorn NRD. It appears that
much of the nitrate-nitrogen contamination reported in the study may
originate from point sources. The study concluded that the dryland area of
eastern Nebraska had a high frequency of nitrate and bacterial contamination
in old, poorly constructed wells and that there were significant (95% level)
associations between nitrate concentrations and well depth, construction,
and age.
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Table I - 2.
Nitrate and Pesticide Detections (from Spalding, 1991)

Nitrate-Nitrogen Summary

Lowest value 0.1 milligrams per Liter
Highest value - 78 milligrams per Liter
Average 8.9 milligrams per Liter

Number of wells:

Less than 5 mg/L 79
5to0 9 mg/L 17
9 to 20 mg/L 17
Greater than 20 mg/L 17

Pesticide Summary

County Pesticide Concentration

Cedar Alachlor 0.95 micrograms per Liter
Atrazine 0.01 to 0.50 micrograms per Liter

Colfax Alachlor 20.6 micrograms per Liter

Madison Alachlor 13 micrograms per Liter
Chlorpyrifos 0.04 micrograms per Liter

Stanton Atrazine 0.01 to 0.50 micrograms per Liter

Wayne Alachlor 0.96 micrograms per Liter

c. Dr. David Gosselin conducted a study in the 1989 to determine the extent
of nitrate contamination in an area of northeastern Nebraska that included a
portion of the Lower Elkhorn NRD for the University of Nebraska
Conservation and Survey Division (Gosselin, 1990; Figure lil - 1). The area
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studied is called the Bazile Triangle and covers portions of the Lewis and
Clark, Lower Niobrara, and Upper Elkhorn NRDs as well.

Approximately 70 percent of the 117 irrigation wells sampled in the Bazile
Triangle had nitrate-nitrogen levels greater than 5 milligrams per liter and
roughly one-third of these were above 10 milligrams per liter. Dr. Gosselin
concluded that contamination in the QOgallala Group was from its direct
hydraulic connection with overlying Plio-Pleistocene sands and gravels, and
that this relationship suggests that the Ogallala may be relatively
uncontaminated. Glacial till appears to inhibit the vertical movement of
nitrate-nitrogen contamination, which supports the assessment of
groundwater vulnerability found in Section Il - B of this plan. The study also
concluded that the correlation between nitrate-nitrogen and chloride values
indicates that the origin of each is from fertilizer application.

d. The district supported a study of the local groundwater flow system in the
Osmond, Nebraska area in the mid 1980s (Alix, 1987). The study was
conducted by a University of Nebraska graduate student under the
supervision of the Conservation and Survey Division. Nitrate-nitrogen
contamination in Osmond's municipal wells is consistently around 10
milligrams per liter. The purpose of the study was to determine the hydraulic
and chemical characteristics of the aquifer in order to help Osmond in their
wellhead protection efforts. The study determined that the groundwater flow
is generally towards the south and is from the west, north, and east,
coinciding with the North Fork of the Elkhorn River. The study also resulted
in the construction of 20 monitoring wells. The NRD measures the static
water level in these wells monthly from April to October of each year, and
collects samples for nitrate-nitrogen determinations in the shallow wells twice
a year and once a year in the deep wells. The study concluded that Osmond
should consider placing replacement wells to the north, west, or south of the
city.

e. The U.S. Geological Survey conducted a study in 1991 to determine the
hydrogeologic, spatial, and seasonal distribution of herbicides and nitrate in
aquifers within 50 feet of the land surface (Kolpin and others, 1993). The
study also collected land use information for the area surrounding each
sampling site. Five sites were in the Lower Elkhorn NRD: three from public
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supplies in Cuming, Stanton, and Pierce counties; one domestic well in
Dodge county; and one industrial well in Madison county. All five sites had
detections below the Maximum Contaminant Level with the exception of a
0.54 microgram per liter detection of atrazine (Maximum Contamination Level
is 0.03 micrograms per liter) at the Stanton county site.

3. Quality and Suitability of Groundwater by Region

a. Sandhills_Region

Except for isolated locations where high nitrate concentrations have been
reported (Exhibit 17a), the groundwater quality of the Sandhills region is
generally good and is fit for most uses.

The groundwater in the region is generally low to moderate in total dissolved
solids (Exhibits 4 and 18) and hardness (Exhibits 19 and 20). Calcium
concentrations are also generally low to moderate, but concentration of more
than 75 milligrams per liter calcium have been reported in isolated areas.

Alkalinity concentrations are generally less than 300 milligrams calcium
carbonate per liter (Exhibit 21). Sulfates are generally not a problem in the

“Sandhills region with concentrations of around 100 milligrams per liter or less
(Exhibit 22).

Recorded nitrate concentrations vary from less than 5 milligrams per liter to
over 40 milligrams per liter in isolated areas. Portions of Pierce and Madison
counties have been identified as areas with nitrate contamination (Exhibit
17a).

b. East Central Dissected Plains Region

Generally the water quality in this region is acceptable for all potential water
uses.

The concentration of total dissolved solids in groundwater of the Dissected

Plains of the Lower Elkhorn NRD is generally in the range of 250 to 750

milligrams per liter (Exhibits 4 and 18). Concentrations of calcium vary from
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C.

25 to over 75 milligrams per liter and the groundwater is moderately hard
(Exhibits19 and 20). Alkalinity varies from 100 to over 300 milligrams
calcium carbonate per liter (Exhibit 21). Sulfate concentrations are generally
less than 100 milligrams per liter (Exhibit 22).

Nitrate contamination has occurred in some locations in the Dissected Plains,
but the region is not as sensitive as the Sandhills (Exhibit 23a).

Glacial Drift Region

Groundwater quality in the Glacial Drift region is generally fit for most uses
but concentrations of most chemical parameters are higher than in the
Sandhills and Dissected Plains Regions.

The water quality in the glacial Drift of the Lower Elkhorn NRD is highly
variable due to the glaciated materials that come into contact with the
groundwater. Total dissolved solids are generally higher than in the
Sandhills or the Dissected Plains with concentrations increasing in the lower
reaches of the Elkhorn River. Total dissolved solids are generally in the
range of 250 to 750 milligrams per liter, but some areas in Wayne and
Stanton counties have concentrations of 750 to 2,250 milligrams per liter
(Exhibits 4 and 18). Calcium generally exceeds 75 milligrams per liter, but
ranges from 25 to 75 milligrams per liter in isolated areas of Pierce, Wayne,
Madison, Stanton, Cuming, and Dodge counties. The groundwater is
classified as hard in all areas of the Glacial Drift (Exhibits 19 and 20).

Alkalinity generally exceeds 300 milligrams calcium carbonate per liter, but
ranges from 100 to 300 milligrams calcium carbonate per liter along the
Elkhorn River, along the Glacial Drift western boundary, and along the
northeast boundary of the NRD (Exhibit 21). Sulfate concentrations are
generally less than 100 milligrams per liter. Because the groundwater can
come into contact with high sulfate glacial till, some areas of high sulfate
concentration do exist, especially in Wayne county (Exhibit 22).

High nitrate concentrations have been reported in some locations in the
Glacial Drift region (Exhibit 17a). Because of the variability of the geology in
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the region, site specific research and management is necessary to prevent
-degradation of groundwater resources.

Alluvial Subregions are along the Elkhorn River and its major tributaries
where alluvial deposits exist. Groundwater quality in the alluvial areas
typically is similar to the water quality of the adjacent streams, with the
exception of nitrate concentration. Organisms in the streams may lower
nitrate concentrations.

Total dissolved solids concentrations range from 250 to 750 milligrams per
liter (Exhibit 18). Calcium concentrations are generally 25 to 75 milligrams
per liter and the water is hard (Exhibits 19 and 20).

Alkalinity ranges from 100 to 300 milligrams calcium carbonate per liter
(Exhibit 21). In most areas the sulfate concentration is less than 100
milligrams per liter, but along Logan Creek in Dixon and Thurston counties
sulfate concentrations exceed 100 milligrams per liter (Exhibit 22).

High nitrate concentrations have been reported at some locations in the
Alluvial areas. These areas tend to be sensitive to groundwater pollution
because high permeability and shallow groundwater levels are typical
(Exhibit 23a). In most areas the groundwater is suitable for domestic and
other anticipated uses.

Another subregion of the Glacial Till region is the Sandy Till Plains. Water
quality is essentially the same as in the Sandhills region for calcium, total
dissolved solids,‘ alkalinity, sulfates, and hardness (Exhibits 18 and 22). The
permeability of the soils allows water to move rapidly through them. This
gives rise to the potential for high nitrate concentrations. The Sandy Till
Plains of Pierce county do have an identified nitrate problem area (Hanson,
1983; Alix,1987; Gosselin, 1990; Appendix 4). Nitrate levels are highly
variable in this area and where contamination is occurring, levels over 10
milligrams per liter are common (Exhibit 17a). In most areas the groundwater
quality is suitable for all anticipated uses, except for areas of nitrate
contamination.
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d. Ogallala and Dakota Aquifers

a). The Ogallala aquifer underlies the western edge of the Lower Elkhorn
NRD. Here the Ogallala formation is relatively thin and underlies Pleistocene
sands and gravels. No significant data are available that are specific to the
Ogallala formation in the Lower Elkhorn NRD.

b). The Dakota formation is a source of water in some eastern areas of the
Lower Elkhorn NRD. Specific quality information is very limited and
additional research is needed to identify the quality of groundwater in the
aquifer (Exhibits 24 and 25).

C. Identified Needs and Deficiencies

Although the district has entered a large volume of information into a computer
database (see Appendices 2 and 4), there is still an abundance of information from the
district's programs that have not been entered. This includes data from the Osmond
monitoring wells, the piezometers and observation wells associated with Willow Creek
Reservoir, and fall groundwater level information from the district groundwater quantity
monitoring program. This information will be computerized by the fall of 1995.
Reference wells have not been discussed and will be included in the plan by the fall of
1994. By the fall of 1995, the groundwater level data will be organized by aquifer type
(if known) which will enhance the data by grouping similar sites together.

The Nebraska Natural Resources Commission supplied the district with a large volume
of information from the Nebraska Department of Health for the public water suppliers in
the district. Much of this information is valuable but could not be entered into a usable
form for this revision (1993) of the groundwater management plan, and will be included
in the future. Some of the information is not included in this revision (1993) since it is
either relatively old or it has not been fully reviewed by the Department. This
information may be included at a later date after the department and the district have
reviewed and evaluated the validity of the data to ensure compatibility with the
information that is currently in the plan.

The Lower Elkhorn NRD is one of the many agencies that is interested in groundwater

information. Studies and investigations are done by or funded by the U.S.

Environmental Protection Agency, the U.S. Geological Survey, the Bureau of Indian
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Affairs, the Corps of Engineers, the U.S. Fish and Wildlife Service, the U.S.

Department of Agriculture, the Nebraska Department of Environmental Quality, the
Nebraska Department of Health, the Nebraska Natural Resources Commission, and the
University of Nebraska Conservation and Survey Division. The district will continue to
process the information from these agencies as it becomes available.

The Elkhorn river basin is included in Separate studies of the Platte river being
conducted by the U.S. Environmental Protection Agency and the U.S. Geological
Survey. The U.S. Environmental Protection Agency's 'Platte Watershed Project' will
assemble existing surface and groundwater data to evaluate water quality, determine
future water quality information collection needs, and document the interests and data
collection programs of the numerous agencies that have this type of information. The
Elkhorn basin is also part of a pilot site for the U.S. Geological Survey's National
Water-Quality Assessment program. The purpose of the program is to provide a
consistent description of the current status and trends in water quality across the nation
and insight into the major human and natural factors that control water quality in
different regions. This information will be combined with the district's and included in
the groundwater management plan as it becomes available.
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I V. LAND USE AND CONTAMINATION SOURCE INVENTORY

Land in the Lower Elkhorn NRD is used primarily for agricuitural production. Since this
industry occupies such a large portion of the district, it has a major impact on the
district's groundwater resources, affecting both the quantity and quality of groundwater.
Although they occupy a smaller area of the district, other industries also have an impact
on groundwater resources; an example being the 13 sites in the district that are listed

in the U.S. Environmental Protection Agency's Superfund list. This section describes
the various land uses within the district, and known and potential sources of pollution.

A. Land Use

1. Digitized land use data.

The Nebraska Natural Resources Commission Data Bank stores and processes
land use data for the state, and has provided the following land use information
for the Lower Elkhorn NRD. Figure IV - 1 shows land use for the counties within
the Lower Elkhorn NRD that have digitized land use data (all except Antelope,
Cedar, Dixon and Knox), and the data are also presented in Appendix 7.

The data indicate that the district is about 70% cropland, and mostly nonirrigated
cropland (about 61%). The number of acres in the district that are in pasture is
roughly equal to the amount of land under sprinkier irrigation (around 9 to 10%).

Dodge county has the most land under surface irrigation (16,264 acres). Pierce
county has the most sprinkier irrigation (90,471 acres). Cuming county has the
most nonirrigated cropland (295,579 acres).

Irrigation well density can be found on figure 10 and surface water irrigation
density is found on Figure 9 in Insert 1l - 1.

2. Agricultural Statistics

The Nebraska Department of Agriculture publishes annual reports containing

various crop and livestock production statistics (Nebraska Department of

Agriculture, 1982 through 1991). This information can supplement land use data
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and is useful in determining the nature of agricultural production in the district.
The following figures and tables summarize information from these reports, and
Appendix 7 gives a more detailed summary of the various crops and livestock
numbers for the northeast portion of the state.

This information is modified from the northeast region as defined by the
Nebraska Department of Agriculture as shown in Figure | V - 2. The northeast
region includes all of the counties that are entirely within the Lower Elkhorn NRD
(Cuming, Pierce, Stanton, and Wayne), and also all of eight of the remaining 11
counties that are partially within the district (the lightly shaded area). Three
counties are not included in the northeast region that are in the NRD (Colfax,
Dodge, and Platte). The information presented does not represent the NRD
since the geographical area of the Nebraska Department of Agriculture's
northeast region does not match that of the district. The information presented
is intended to reflect agricultural production trends for the general area of the
state that includes the Lower Elkhorn NRD. Antelope, Boone, and Dakota
county statistics are subtracted from the northeast region totals to more
accurately estimate the Lower Elkhorn NRD region (the darker shaded area).
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Farm numbers, irrigation statistics, and tons of commercial fertilizer sold are
summarized in Table | V - 1. The number of farms declined steadily over the 10
year period from 1982 through 1991. The number of irrigated acres peaked in
1989, the same year that had the largest increase in the number of new
registrations of irrigation wells. Commercial fertilizer sales were highest in 1986,

Table |V - 1. Agricultural Statistics

Number of

Registered Commercial
Year | Number of Farms | Irrigation Wells | Total Acres Irrigated Fertilizer Sold

(Tons)

1982 9,585 {No Data) 445,000 (No Data)
1983 8,585 (No Data) 446,000 139,830
1984 9,200 (No Data) 455,000 (No Data)
1985 8,960 (No Data) 491,000 {No Data)
1986 8,720 3,629 498,000 189,531
1987 8,720 3,536 484,000 168,319
1988 8,550 3,586 489,000 134,750
1989 8,310 3,677 501,000 129,881
1990 8,310 3,819 486,000 148,288
1991 8,185 3,868 498,000 152,769

Figure 1V - 3 shows the number of acres harvested for corn, sorghum, and
soybeans for the period 1982 through 1981. Corn is the primary crop in the

district, averaging 66 percent of the total acres harvested of the major crops.
Non-irrigated corn accounts for most of this, averaging of 45 percent of the acres
harvested of the major crops, and 69 percent of the acres of corn harvested in
the area. The economic benefits of applying nitrogen fertilizer to corn are well

known, and the predominance of corn presents a potential for nonpoint source
nitrate-nitrogen pollution of groundwater.
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Northeast Nebraska is a leader in livestock production. Figure | V - 4 shows the
number of fed cattle and the number of hogs in the state and in the region. This
area produces 19 percent of the state's cattle on feed and 26 percent of the
state's hogs. Cuming county is the top producing county for the number of cattle
on feed (with 8 percent of the cattle on feed in the state) and for the number of
hogs (6 percent of the number of hogs in the state). The large number of
confined animals is potential source of groundwater pollution.
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Figure IV -4. Cattle and Hog Numbers
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3. Endangered and threatened species

Endangered species are plants or animals that may become extinct throughout
all or a significant portion of their range. Threatened species are plants and
animals that may become 'endangered' in the foreseeable future. The
groundwater management plan can have an impact on an endangered or
threatened species when the species or the habitat that supports it is affected by
groundwater resources. Currently in the Lower Elkhorn NRD, the habitat of one
threatened species, the western prairie fringed orchid, may be impacted by
changes in groundwater levels (written communication, Nebraska Game and
Parks Commission, August, 1992).

The western prairie fringed orchid (Plantanthera praeclara) is a state and
federally threatened species that is protected by state and federal statutes.
Specific requirements of the orchid habitat have not been established, however,
it is generally known that most sites where orchid populations exist have high
soil moisture conditions and are associated with remnant native tallgrass prairies
and meadows.

Historical records occurrences of the orchid have been recorded within the
Lower Elkhorn NRD. Although habitat suitable for the orchid may exist in the
district, our current land use data are not detailed enough to locate these areas.
Insert IV - 1 describes the orchid.

The general protection of groundwater quantity and quality is beneficial in many
ways, including the protection of threatened species and the habitats that these
species require. Groundwater management activities that are proposed in the
groundwater management plan may have some impacts, either positive or
negative, on any threatened species listed in the plan (currently the western
prairie fringed orchid). When specific adverse effects on these threatened
species from changing groundwater levels are identified, the Lower Elkhorn NRD
acknowledges the potential need to modify the groundwater management plan in
the future. Such modifications will include actions within control or management
areas consistent with the Nebraska Groundwater Management and Protection
Act that can be taken by the district to reduce adverse effects on species by
maintaining a groundwater level that will help sustain these species.
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B. Contaminant Source Inventory

1.

2.

Nonpoint Sources.

There are numerous categories and subcategories of nonpoint source pollution,
including agriculture, construction and land disposal (Nebraska Department of
Environmental Quality, 1992, page 32). Each of these categories and many of
the subcategories are represented in the district. The district will work with the
agencies responsible for handling these problems to prevent and remediate
groundwater contamination.

The occurrence and potential for the majority of the nonpoint source pollution in
the Lower Elkhorn NRD originates from the primary industry in the district,
agriculture. Section 1l of the plan describes studies that have documented
agricultural nonpoint source pollution in the district. Exhibit 17a shows the areas
of the district where probable nonpoint source nitrate-nitrogen contamination has
been documented.

Point Sources

Table | V - 2 summarizes potential and known point sources of pollution for each
community in the district and is based on information from the Nebraska
Department of Environmental Quality. The status of communities with wellhead
protection (WHP) areas delineated by the Nebraska Department of
Environmental Quality are also included in the table (the city of Norfolk has hired
a consultant for wellhead protection area work). The columns 'RCRIS', 'SARA
Title lII', and 'Hazardous Waste Inventory' are considered to be potential point
sources of pollution while the items listed under columns labeled '‘NPDES',
‘UST', and 'CERCLIS' are pollution problems that are known to exist. The
following text and tables describe each column.

The Resource Conservation and Recovery Act listing (RCRIS) is a compilation
of businesses that are required to report the generation, storage or transport of
hazardous wastes to the U.S. Environmental Protection Agency. There are 135
registrations in the district. This is a listing of potential contamination sites.
Over one-third of the sites are in the Norfolk vicinity.
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Table 1 V - 2.

Potential and Existing Point Source Pollution Summary

City

WHP

RCRIS

SARA
Title 1l

Hazardous
Waste Inventory

NPDES

UST

CERCLIS

Bancroft

1

1

Battle Creek

1

3

Beemer

3

]

Belden

DEQ

Carroll

Clarkson

3
P
1
1
2

Concord

DEQ

Njw

Comlea

Craig

Creston

Dixon

Dodge

Emerson

QD Q| =2 N)| =

NN = &=

E LY

Foster

Hadar

Hooper

WIN

Hoskins

DEQ

Howells

-—h

Humphrey

Ol =2 N =

wlw

Laurel

Leigh

Lyons

~jov O

NILOIN = =2 NININ|—

WI;IN

Madison

DEQ

McLean

Meadow Grove

Nickerson

Norfolk

22

Oakland

Osmond

Pender

Pierce

Pilger

DEQ

Plainview

N o] | W M| Bl =

~[ N oo == N L =] =

Randolf

~ N | W o w| o L ==

Rosalie

Scribner

DEQ

[3,]

N

_;_.\_;_;m_sm_nwa_;_;

ol

Sholes

Snyder

DEQ

Stanton

N =

Thurston

Tilden

Uehling

-(N

Wakefield

Wausa

DEQ

Wayne

Bl =2 WO W =N W —

Webster

West Point

DEQ

Winside

DEQ

0 =K @] o D]~ ) w0 o

Winslow

3

Wisner

JRRN N PEEN 7, Y

5

W | = 00

TOTAL

135

219

35

109

151

13

WHP - Wellhead Protection areas delineated by NDEQ; RCRIS - Resource Conservation and Recovery Act list, March 15, 1993;

SARA Title 11l - Community Right to Know, 1993; NPDES - National Pollutant Discharge Elimination System, March 11, 1992;

Underground Storage Tank releases, Dec. 9, 1992; CERCLIS - Superfund site list, March 20, 1992
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Title lll of the Superfund Amendments and Reauthorization Act (SARA) lists
businesses that use, store, or release hazardous substances. This list helps
Local Emergency Response Committees prepare for the release of any
hazardous materials and informs the public about the type and location of
hazardous substances in their community. The district has 219 sites registered
under Title lll that may be considered potential contamination sites. The majority
of the sites are for fuel storage. Table | V - 3 gives more detail about the Title ll|
sites. One-quarter of the sites are in or around Norfolk.

The National Pollutant Discharge Elimination System (NPDES) requires all
discharges of point source poliutants into any waters of the state to obtain a
permit from the Nebraska Department of Environmental Quality. There are 109
permits in the district, and the majority are for community wastewater treatment
facilities. These are considered to be existing point source contamination sites
that are conforming to the requirements of site specific permits.

There are 151 reported leaking underground storage tanks (UST) within the
district. These are existing contamination sites that are regulated through the
Nebraska Department of Environmental Quality. Table |V - 4 gives more detail
about the sites. One-third of the sites occur in or near Norfolk. Most of the sites
are gasoline spills.

The sites listed in the Comprehensive Environmental Response, Compensation
and Liability Information System (CERCLIS) have been identified by the
Nebraska Department of Environmental Quality and the U.S. Environmental
Protection Agency as being potentially contaminated with a hazardous
substance. There are 13 sites listed in the district.

Table | V - § lists the agricultural facilities that are registered with the Nebraska
Department of Environmental Quality. There are 110 of these facilities.



Table | V - 3.

SARA Title lil: Number of Businesses that Use, Store or Release

Hazardous Substances

City

Fuels

Ag-chemicals

Ag-chemicals
and Fuels

Other"

Total per City

Bancroft

1

Battle Creek

1

1

Beemer

3

Belden

1

Carroli

Clarkson

Concord

Cornlea

Craig

Creston

Dixon

Dodge

—

Emerson

N{W| ==

Foster

Hadar

Hooper

Hoskins

Howells

Humphrey

Laurel

Leigh

Lyons

Madison

GNIN

MclLean

Meadow Grove

-

Nickerson

Norfolk

Oakland

Osmond

Pender

Nj =] =

Pierce

Pilger

N =

Plainview

-

Randolf

alofafm]afo s

N =

Rosalie

Scribner

-

Sholes

Snyder

Stanton

Thurston

Tilden

WIN|W|—

Uehling

-

Wakefield

-] ]| ]|

Wausa

Wayne

~N| WD

Webster

West Point

2

Winside

1

Winslow

1

- = N |

Wisner

W} -l =200

1

1

ol w| || 2R w|o|v]~fwlw]v|o|vo| |~ w|w o|w| oL | 2|ol~|u|n|o|o| s alva|o|alo] v ajo|ojn| o s wla

TOTAL

114

32

24

49

219

! Various compounds including industrial cleaners and solvents
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Table | V - 4.

Underground Storage Tank Releases

City

Gasoline

Diesel

Gas & diesel

Fuel oil

Waste oil

Other*

Unclassified

Total

Bancroft

Battle Creek

1

Beemer

Belden

Carroli

Clarkson

Concord

Comiea

Craig

Creston

Dixon

Dodge

Emerson

Foster

Hadar

Hooper

Hoskins

Howells

Humphrey

Laurel

Leigh

—

Lyons

Madison

Mcl.ean

Meadow Grove

—

Nickerson

—

Norfolk

20

12

Oakland

Osmond

Pender

Pierce

N[ = =2NIN

Pilger

Plainview

Randolf

Rosalie

Scribner

Sholes

Snyder

Stanton

Thurston

Tilden

Uehling

Wakefield

Wausa

OO—k—KONNONOO\INO)—*—*Ng-‘—ﬂomeowwowNOANOOAOONOO#(OO

Wayne

1

—_
o

West Point

1

Winside

1

=|N[N

Winslow

Wisner

2

3

1

1’

ef

TOTAL

52

27

20

11

4

6

31

O« O N} 00

—
-

a. Liquid Nitrogen

b. Stoddard Solvent

¢. Ag-chemicals

d. Petroleum Solvents

e. Gas and Waste Oil

f. Gas, Diesel, and Waste Oil
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Table 1 V-5. Nebraska Department of Environmental Quality
All Ag Facilities
Township-range-
section County Livestock Type Livestock Number  Controls Required
20N-9E-13B Burt Cattle 9,000 y
20N-9E-11A Cattle 400 c
20N-10E-7A Cattle 6,000 y
21N-8E-22D Cattle 1,200 y
24N-8BE-36DA Swine 3,200 y
22N-9E-30BA Swine 900 y
21N-8E-33AD Swine 1,500 y
22N-9E-34AD Swine 1,920 y
22N-8E-26C Swine 1,600 y
29N-3E-21BC Cedar Swine 4,500 y
29N-1E-21CC - Swine 1,256 y
28N-2E-3CB Swine 780 y
29N-2E-31D Swine 700 y
29N-2E-28D Cattle 375 y
29N-1E-36D Swine 1,380 y
28N-3E-18B Swine 2,500 y
20N-4E-7DB Colfax Cattle - 650 y
20N-4E-17C Cattle 1,500 y
20N-4E-14BA Cattle 2,500 y
20N-3E-14BB Swine 0 y
20N-4E-2BC Swine 1,148 y
23N-6E-12B Cuming Swine 800 y
21N-7E-20BD Cattle 85 y
21N-7E-20BD Swine 200 y
21N-6E-1CB Swine 1,000 y
22N-5E-9AB Swine 3,700 y
22N-7E-19CC Cattle 2,600 y
23N-4E-7BD Swine 2,600 y
21N-6E-13AB Sheep 2,500 y
21N-6E-3AA Swine 560 y
24N-5E-32A Swine 1,200 y
22N-BE-16DA Swine 400 y
23N-7E-1B Cattle 4,400 y
24N-5E-7DD Cattle 200 y
21N-4E-4A Swine 400 y
24N-4E-28D Cattle 600 c
23N-5E-6A Swine 1,400 y
23N-5E-22C Swine 1,200 y
23N-4E-14B Cattle 5,000 n
23N-5E-27BA Cattle 2,500 n
21N-4E-24AD Swine 1,650 y
21N-4E-35DC Swine 670 y
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Table | V - § (continued).

Nebraska Department of Environmental Quality

All Ag Facilities
Township-range-
section County Livestock Type Livestock Number  Controls Required
27N-5E-28AD Dixon Poultry — n
28N-4E-22CD Cattle 400 y
28N-4E-8AD Swine 800 y
28N-5E-21AD Swine 930 y
20N-8E-11BC Dodge Cattle 500 y
20N-6E-36CD Cattle 250 c
19N-5E-2BA Cattle 1,500 y
18N-9E-30C Swine 600 y
20N-7E-10D Cattle 500 y
23N-1W-5 Madison Cattle 5,500 y
24N-1W-32 Cattle 2,500 n
22N-1W-34C Cattle 1,400 y
24N-1W-35B Cattle 5,000 y
24N-1W-35B Swine 4,000 y
22N-3W-27DD Cattle 650 n
22N-2W-9CD Swine 64 y
24N-2W-5AD Swine 500 y
23N-2W-9BA Swine 512 y
24N-4W-30DB Swine 300 n
22N-2W-34D Swine 900 y
24N-4W-29A Swine 699 y
23N-3W-35D Cattle 1,000 n
23N-3W-35D Swine 500 n
24N-2W-34CC Cattle 2,500 n
22N-2W-28D Swine 600 n
21N-2W-3AA Cattle 500 n
24N-3W-25BB Swine 140 y
21N-1W-4AA Cattle 70 y
23N-1W-36AC Cattle 3,000 n
27N-4W-17D Pierce Cattle 6,300 y
28N-4W-28DC Swine 400 y
26N-1W-14B Swine 2,336 y
26N-2W-15AC Cattle 1,500 c
26N-4W-28D Cattle 4,500 n
25N-4W-30C Swine 1,250 y
20N-1E-32DB Platte Cattle 60 y
20N-1W-1D Cattle 350 y
20N-2W-10C Swine 528 y
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Table | V - 5 (continued).

Nebraska Department of Environmental Quality

All Ag Facilities
Township-range- _
section County Livestock Type Livestock Number  Controls Required
24N-2E-26B Stanton Cattle 7,000 y
24N-2E-23C Cattle 10,000 y
24N-2E-22DD Cattle 2,000 y
24N-3E-20DA Cattle 600 y
22N-2E-6BB Cattle 400 y
22N-2E-6BB Swine 200 y
24N-2E-27AA Cattle 300 y
24N-1E-32 Cattle 15,000 y
24N-1E-18AA Cattle 80 y
23N-3E-24CA Swine 4,300 y
23N-2E-25 Cattle 30,000 y
21N-2E-32D Swine 300 c
24N-3E-34CD Swine 3,960 y
23N-2E-24C Cattle 3,000 n
23N-2E-26A Swine 600 y
22N-3E-33CB Swine 600 y
22N-3E-6CD Cattle 800 y
21N-2E-23BB Swine 1,200 n
26N-5E-23BA Thurston Cattle 80 y
26N-5E-23BA Swine 150 y
26N-5E-12A Cattle 1,000 y
26N-6E-22AB Swine 700 y
25N-6E-9DA Swine 1,500 y
25N-2E-33B Wayne Cattie 1,000 y
26N-2E-10DD Cattle 500 y
27N-2E-27CD Swine 2,650 y
25N-4E-21D Cattle 6,000 y
27N-1E-26BC Swine 900 y
25N-5E-21C Swine 6,000 c
26N-2E-11CB Cattle 600 y
26N-4E-21A Swine 420 y
26N-4E-21C Swine 540 y
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Information from a 1988 report from the Nebraska Department of Environmental
Quality is summarized in Table | V - 6. A regional landfill has been proposed by
the Northeast Nebraska Solid Waste Coalition that would be located in southern
Stanton county. Members of the coalition include the cities of Fremont and
Norfolk and several smaller towns, and several counties. As of the 1993
revision of this plan, the coalition has completed a hydrogeologic investigation of
a site but has not developed the site.

TablelV -6.

Landfills Summary

City

Unlicensed
dumps

Dumps closed
and verified

Dumps planned
for closure

Active licensed dumps

Expected
life

Active
acres

Designed
acres

Bancroft

X

Beemer

Emerson

Foster

X
X
X

Norfolk

28 years

30

100

Pender

b

Randolf

Scribner

X

Thurston

Tilden

West Point

Winside

Chemigation is a useful tool for distributing agricultural chemicals over a large
area. This method of fertilizer and pesticide application can optimize the timing
and rate of application when used properly. NRDs have permitted and inspected
chemigation systems since 1987 to ensure that safety and backflow prevention
equipment function correctly. Since the program started, the district has issued
over 4,200 permits. Table | V - 7 summarizes the total number of permits issued
in the district from 1987 through 1992.

Table I V-7. Chemigation Permit Summary
New
Year Permits Renewals Total Approvals
1987 507 507 493
1988 135 452 587 578
1989 137 540 677 673
1990 107 624 731 730
1991 158 662 820 807
1992 187 766 953 943
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Not surprisingly, the highest number of permits are in the areas where the most
irrigation occurs (see Figure 1V - 1 and Figure 10 of Insert |l - 1 for irrigation
density). Permit numbers have increased throughout the district, with Pierce
and Madison counties having the largest number of added permits. Table |V -8
lists the number of permits per county from 1989 through 1992.

Table | V - 8. Distribution of Chemigation Permits

Number of
Number of Chemigation Permits per County| Registered
County per Year “Irrigation
1989 1990 1991 1992 Wells?
Burt 4 5 5 5 92
Cedar 47 45 58 65 235
Colfax 10 13 14 15 188
Cuming 26 27 39 49 347
Dixon 7 8 12 12 73
Dodge 28 27 32 35 467
Knox 14 14 15 17 57
Madison 144 151 151 199 671
Pierce 304 315 354 389 911
Platte 7 9 7 10 112
Stanton 43 61 61 69 296
Thurston 2 1 2 6 73
Wayne 41 55 70 82 187

* March, 1993

C. Ildentified Needs and Deficiencies

The district has no information concerning residential fertilizer and pesticide use.
Although this category of nonpoint source pollution is generally percieved to be a
potential threat to groundwater quality, some research demonstrates that this may not
be true (Cooper, 1993). The district will gather lawn and garden fertilizer and pesticide
sales data from cooperating local vendors to estimate the types and quantities that are
used in the area by the fall of 1998. Other data, such as actual application rates and
vadose zone monitoring for lawns, gardens, golf courses, and parks will be useful but
more difficult to obtain.
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Data about septic tank density, abandoned wells, and land application of livestock,
industrial and municipal wastes and sludge have yet to be gathered (1993 revision).
This will be accomplished by the fall of 1997.

Much of this information needs to be presented on maps. The chemigation sites and
point source data will be mapped by the fall of 1995. This will help the district in
evaluating actual and potential groundwater contamination threats. For example,
mapping the location of leaking underground storage tanks will help with wellhead
protection efforts and mapping the locations of ag facilities will show feedlot density
within the district.

The information will also be organized based on groundwater region, aquifer type
(confined or unconfined), and/or individual aquifers. This will make the information
presented more useful and will be complete by the fall of 1996.

The land use information presented in Figure IV - 1 and in Appendix 7 dates back to
the mid 1980's and needs to be updated. Additional categories, such as feedlots or
sandpits will be useful to include with this information. The district will work with the
Nebraska Natural Resources Commission and the Soil Conservation Service to
complete this task.
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V. GROUNDWATER USAGE AND DEMAND

The groundwater reservoir within the Elkhorn River Basin provides water for rural
domestic uses, municipal uses, livestock, crops, industries, cooling water for power
generation, subirrigation of wetlands vegetation, and stream flow for fish and wildlife
habitat.

A. Rural Domestic and Livestock

Groundwater is normally supplied for these purposes by small (5 to 20 gallon per
minute) capacity wells. In Cuming and Thurston counties, rural water systems supply
water through piped distribution systems. Much of the eastern portion of the district is
served by the Cuming county and Logan East Rural Water Systems. The rural water
systems also supply water to some small communities. Rural domestic and livestock
demands do not represent a large portion of the total groundwater demand but they are
very important because of health and economic concerns. If nitrate or other
contamination occurs, the health of both rural residents and livestock is threatened.

B. Municipal Groundwater Demand

Municipal demands for groundwater include sanitation, fire protection, domestic,
commercial, and industrial uses. In 1980, 65 municipal systems in the Elkhorn River
Basin used 19.5 million gallons of groundwater per day or a total demand of about
22,000 acre-feet per year (Lawton and others, 1993).

The quality of groundwater for municipal purposes must meet the chemical
requirements for public water supplies as prescribed by the Nebraska Department of
Health. Currently, the most serious quality concern of most communities is excessive
nitrate concentration in water supplies. The safe drinking water standard for nitrate is
10 milligrams per liter and is of most concern when used for infants. The annual
municipal demand is small compared to the total overall demand but the quality of
municipal supplies is critical for the health and economic well being of the residents of
the NRD.
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C. Irrigation Groundwater Demand

Irrigation will vary from year to year depending on the amount of rainfall received.
There are approximately 3,716 irrigation wells in the Lower Elkhorn NRD. Based on
crop requirements and the number of acres of each type planted in the basin, current
annual groundwater irrigation requirements in the Elkhorn River Basin are
approximately 500,000 acre-feet per year assuming normal precipitation occurs.

D. Industrial Groundwater Demand

Processing, sanitation, and use as a raw material are examples of industrial water
uses. In 1980, 23 self-supplied industries in the Elkhorn River Basin used 3.42 million
gallons per day or 3,830 acre-feet per year. Good water quality is critical to the
success of many manufacturing processes. Poor quality water can damage
manufacturing equipment and may increase production costs to a point where
production is not economically feasible. Each industry must evaluate the water supply
based on its specific needs.

E. Power Generation Groundwater Demand

In 1980, 6.4 million gallons per day or approximately 7,200 acre-feet per year was used
for power generation purposes (Lawton and others, 1983). One of the major quality
concerns is corrosiveness which shortens the life of power plant equipment.

F. Subirrigation Groundwater Demand

Subirrigation demands include groundwater which is withdrawn directly from the water
table or the capillary fringe by vegetation. Subirrigation occurs in areas where the
depth to the water table is quite shallow. Subirrigated areas is highly productive for
grass hay and will also support trees and other vegetation.

G. Stream Flow Groundwater Demand

Groundwater will discharge into streams as necessary to maintain normal base flows.
Most of the base stream flow in the Elkhorn River and many of its tributaries is from

groundwater discharge rather than surface runoff. During periods of normal
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groundwater recharge, stream flow groundwater discharge is approximately 350,000
acre-feet per year.

H. Groundwater Use Projections
Using published projections for population, irrigation development, and industrial
development, projections of increasing groundwater demands into the next decade

appears in Table V - 1.

TableV-1. Groundwater Demand Estimates and Projections

Groundwater User Category Groundwater Demand
Projected ** Demand for the
1985 Demand Year 2005
Acre-Feet Percent Acre-Feet Percent
Rural Domestic and Livestock 19,000 1.6 25,000 1.7
Municipal 22,000 1.8 26,000 1.7
Irrigation : 500,000 41.6 780,000 52.2
Industrial (self-supplied) 4,000 0.3 5,300 0.4
Power Generation 7,000 0.6 7,000 0.5
Subirrigation 300,000 25.0 300,000 20.1
Stream Flow 350,000 29.1 350,000 23.4
Total Annual Groundwater Demand * 1,202,000 100.0 1,493,300 100.0

* Based Upon Normal Precipitation Occurring
** Projections based on State projections from the 1984 Policy Issue Study on Water and Energy
published by the NRC (Natural Resources Commission, 1984).

Groundwater is very important economically to the Lower Elkhorn NRD. If the
groundwater supply were to deteriorate substantially in either quantity or quality,
competition for the remaining usable supply would increase. In some states where
usable water is in short supply, allocation of water is made largely on an economic
basis. In Colorado, water rights are bought and sold in a manner similar to mineral
rights. Water rights do not necessarily transfer with ownership of real estate.

Fortunately, water of suitable quality is not in short supply in most areas of the Lower
Elkhorn NRD. The economic value of water is not determined by the highest bidder.

The economic value of groundwater could be estimated from the use which is made of
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it. Good quality water which is suitable for many uses has a greater economic value
than poorer quality water which has limited use. Water which is usable for some
purposes may have little value for other purposes. For example, water which is high in
nitrates has diminished value for domestic purposes, but may be more valuable for
irrigation than water with low nitrates.

Poor quality with little value in a water rich area may have high economic value in other
areas where water is in short supply.

All water is important, but the economic value of water at any place or time depends on
many aspects and can change rapidly depending on general economic conditions in
the area where it is used. lronically, a change in quantity or quality of water supply can
also rapidly change the overall economy of an area. The economic value of water is
variable, and can probably be accurately measured in dollars only if the value is
determined in an open market.

|. Identified Needs and Deficiencies

Current and future groundwater needs for fish and wildlife and recreation are not
addressed because of lack of information in these areas. Also, information on the
consumption of groundwater due to its evaporation from sandpits is not available. The
district will continue to search for and gather this information as it becomes available.

Many of the figures used in this section are from the original plan written in 1985 and
need to be updated. Besides entering current information, this update will include an
evaluation of the water use projections listed in Table V - 1 and a more detailed
treatment of crop water use.
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VI. CRITICAL AREAS FOR PROTECTION

A. Groundwater Quantity Protection

Agricultural irrigation is the largest consumer of groundwater in the Lower Elkhorn NRD
(Table V - 1). Figure 10 in Insert Il - 1 shows the areal density of irrigation wells in the
NRD, and Figure IV - 1 shows the location of irrigated land within the district. Exhibit
10a illustrates the current (1993) network of irrigation wells that are in the monitoring
program (the most monitoring sites occur where the highest density of irrigation wells
are). Exhibit 6 shows potential well yield for the district. Generally, the most irrigation
development has occurred where well yields exceed 200 gallons per minute. '

The Lower Elkhorn NRD groundwater quantity monitoring program has revealed that
long term groundwater level changes have not occurred over large areas in the district.
The district will continue its monitoring efforts as outlined in Section VIi C.1.

Protective measures will begin when the groundwater quantity trigger is actuated
(Section VII.C.8). The district will also continue efforts to increase the knowledge of
hydrogeologic characteristics so that the groundwater quantity trigger will be based on
local conditions rather than using one trigger for the entire district..

Currently, the district has not identified special areas for the protection of groundwater
quantity. Section VII.C.1 outlines the priority areas for current and future efforts by the
district for detailed groundwater elevation investigations. This represents the district's
groundwater quantity prioritization in the absence of designated critical areas for
groundwater quantity protection.

B. Groundwater Quality Protection.

Defining areas critical for groundwater quality protection requires a detailed knowledge
of the hydrogeologic conditions of an area and the nature of the target contaminant.
The hydrogeologic characteristics of the Lower Elkhorn NRD, like many areas of the
state, are very complex. This complexity, combined with numerous potential
contaminants, compounds the task of predicting the areas of the district that require the
most immediate protective actions against all possible contaminants.

This section assumes that contaminants will originate at or near the ground surface and
move to a groundwater recharge area, and will then move in response to the force of
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gravity either with water (such as precipitation or irrigation) or independently,
eventually reaching groundwater. The following are the areas of the NRD that are or
will be areas of critical importance for groundwater quality protection.

1.

2.

Public Water Supply Wellfields

The majority of the population in the district obtains drinking water from public
water supply wells. These wells are normally heavily used, supplying tens of
thousands of gallons of water per day. The district has implemented a wellhead
protection program to help public water suppliers begin and maintain a wellhead
protection strategy. Appendix 6 lists the public water suppliers in the district.

Sensitive Areas

Section IV describes the land use of the district. Land use is an indirect
indicator of potential groundwater contaminants. The Lower Elkhorn NRD has
approximately 70% of the land in row crops. Potential contaminants from the
agricultural industry include fertilizers and pesticides.

Section IV also describes existing and potential point source contamination in
the district. These sources have a variety of contaminants. Petroleum-based
hydrocarbons constitute the highest number of point source sites.

Section |l describes nonpoint source contamination. Groundwater quality
monitoring indicates that agricultural, nonpoint source pollution, specifically
nitrate-nitrogen, is the greatest threat to our groundwater reservoir life goal.
There are several areas within the district that currently have nitrate-nitrogen
concentrations above the MCL of 10 milligrams per liter. Section Il - B and
Exhibits 17 and 17a documents areas of known nonpoint source contamination.

Section Il outlines the vulnerability of the district's groundwater to contamination.
Figure Il - 1 shows the areas of the district that are most vulnerable to a surface
applied, water-miscible contaminant. This includes the valleys of the North Fork
of the Elkhorn River, the Elkhorn River and, to a lesser degree, the Logan
Creek. Figures 3 and 5 of insert Il - 1 show the soil permeabilities and maximum
slopes within the district. Generally, creek and river valleys are the most level,
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and areas in Pierce county and along the Elkhorn River and the Logan Creek
have the most permeable soils.

NRD actions will begin in the areas where groundwater quality triggers have been

actuated. Section VII.C.7. states the triggering mechanisms and Section X describes
the actions that have been taken.
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VIl. GOALS, POLICIES, OBJECTIVES, AND PROGRAMS

A. Reservoir Life Goal and Board Policies

The reservoir life goal of the Lower Elkhorn NRD summarizes the overall mission of the
NRD for groundwater management, which is to Provide an adequate supply of
acceptable quality groundwater to forever fulfill the reasonable groundwater demands
within the NRD for domestic, municipal, agricultural, industrial, wildlife and other uses
deemed beneficial by the NRD Board (see page 2). This requires the management of
both the quantity and quality of the groundwater resources within the district.

The Lower Elkhorn NRD reservoir life goal necessitates long term solutions to current
and potential threats to the groundwater quantity and quality within the district. The
policies, objectives, and programs described in this section are intended to provide
these solutions in accordance with the capabilities of the NRD.

The Lower Elkhorn NRD will strive to attain its reservoir life goal through the
encouragement and implementation of groundwater quantity and quality conservation
practices. This will be achieved with programs aimed at public education,
hydrogeologic data collection, and, when required, the regulation of activities that have
an impact on groundwater.

The Lower Elkhorn NRD Board of Directors has established policies to guide the
development of current and future groundwater management objectives and programs.
These policies were the objectives of both the original 1986 plan and its 1991 revision.

Policies are statements that set a specific course of action towards the achievement of
a goal or a series of goals. Policy statements are needed both by the NRD Board and
by the management staff in order to operate in a consistent manner over a given period
of time. Whereas the geographic boundaries of the Natural Resources Districts have
been set, policy statements can be looked upon as defining the 'action' boundaries of
the district. Policies facilitate the decisions of the Board and the management staff
helping each to maintain continuity and assist in the development of clear thinking.

Policies may be either specific or very general. They can deal with the financial
aspects of the NRD, they may be expressions of support for cooperation with other
entities of government or they may be purely administrative in nature. The end
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objective of policies within the context of this document is to serve as a basis for
developing specific plans and programs for groundwater management and then as a
means of checking such plans and programs against policy statements.

The Board will review the Board Policies each year early in the planning process as it
prepares the Long Range Plan for the upcoming year. Board Policies will be used to
assist directors in selecting goals and objectives annually for the new Long Range
Implementation Plan.

Establish a baseline of data and monitor trends in groundwater quality and quantity.

» Examine the existing program of groundwater quantity datum collection, make
necessary modifications, and continue the program.

Groundwater level measurements provide information to serve various purposes in
groundwater reservoir management, including:
1. Determine the amount of groundwater in storage (implications for availability
for water supply).
2. Assess water-supply changes by determining the changes in the amount of
groundwater storage.

a. ldentify areas where substantial changes are taking place (economic
impact).

b. Assist state/local agencies in the formulation and administration of
resource management programs.

c. Estimate the rate and direction of groundwater movement, specific yields,
base flow of streams, sources and amounts of recharge, and the location
and amounts of discharge.

d. Assess the validity of hydrogeologic interpretations and the assumptions
used in developing models of groundwater systems.

The longer the recording period, the better our potential for understanding how the
system reacts to changes in precipitation or water use patterns. Currently (through
1993), the Lower Elkhorn NRD has groundwater elevation data for 190 irrigation
wells since 1979, and 139 irrigation wells since 1976.
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Reference wells are equipped with recording gages or are measured by steel tape
monthly. Information from reference wells is valuable since it can represent
different geologic and water use conditions, serve as a comparison for other
observation wells, and show seasonal and long term changes. Currently there is
one automatic recorder equipped reference well in the district located near Osmond.

Other Observation Wells are measured less frequently, usually in the spring and
fall.

Fall measurements help to evaluate head loss problems, contributes to our
understanding of the behavior of the natural hydrologic system when stressed
(either due to drought or to local heavy withdrawals), and illustrates the impact on
the water table of either natural discharge or discharge during pumping.

Spring measurements are made before pumping stresses occur and help to
evaluate natural recharge.

The groundwater elevation monitoring program in the Lower Elkhorn NRD from
1976-1990 has consisted of monitoring the non-pumping water level (in both the
spring and fall) of up to 300 irrigation wells (Exhibits 10 and 10a). This is about
10% of the irrigation wells in the district, and has given us valuable information. It
has shown, based on spring water level measurements, that except for a few small,
isolated areas, long-term groundwater level changes have not occurred.
Groundwater levels that decline during drought years have recovered in wet years.

An immediate need is to coordinate the collection of groundwater quality and
quantity datum necessary to make management decisions. By learning more about
groundwater flow direction and recharge areas, on a concentrated basis, we can
develop protection or management strategies to solve growing groundwater quality
problems.

« Assist University of Nebraska Conservation and Survey Division in obtaining logs
from wells, test holes, and other drilling so they can compile geologic data to facilitate
accurate calculation of hydrologic properties.

Data collected during operations such as well installation and test hole drilling will
enhance our knowledge of groundwater reservoir characteristics. This knowledge
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will help us manage the reservoir effectively. The NRD will actively gather boring
logs for submission to the University of Nebraska Conservation and Survey Division
that are either not required for submission by law or are not routinely submitted to
the University of Nebraska Conservation and Survey Division. Examples of this
include working with local well drillers to obtain logs for unregistered wells
(coordinating with the Nebraska Department of Health and University of Nebraska
Conservation and Survey Division to write the requirements for these well logs) and
obtaining borehole logs from site investigations conducted by or for the Nebraska
Department of Environmental Quality. The NRD can provide University of Nebraska
Conservation and Survey Division the information that the NRD has and that they
may not have.

» Establish and maintain a groundwater duality monitoring program.

The NRD collected samples from a district-wide network of 81 selected irrigation
wells in the mid 1980's. The samples were analyzed for nitrates, pesticides, and
volatile organics, to provide baseline information on the groundwater quality of the
Lower Elkhorn NRD. These original 81 samples provide the public with generalized
knowledge of groundwater quality, and future resampling will provide information on
quality changes or trends and is also essential in maintaining our groundwater
reservoir life goal.

Because of the variability of the geologic conditions, topography, and land use in
the district, more complete groundwater quality information is needed. Additional
samples will be taken on a concentrated basis, one area at a time. Irrigation wells
in a county (or smaller area) will be selected on the basis of proper construction,
distribution, and geology to give as complete a picture of hydrogeologic conditions
as is practical for the area. This concentrated sampling and analysis will be
continued area by area until the entire NRD is completed.

In addition to providing baseline quality data, the program provides a basis for the
establishment of groundwater management or control areas, or Special Protection
Areas. These areas would be managed to prevent degradation or improve the
water quality in the area. Data established by the NRD will provide a basis for
determining the boundaries of these areas and help eliminate the possibility of an
oversized, unmanageable protection area.
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The resuits of this monitoring will be used in education programs to inform people of
existing contamination problems and why these problems exist. The results will
also be used to determine the need for implementation of additional groundwater
management practices.

+ Ensure an adequate service for water quality testing.

The NRD must ensure that a reliable groundwater quality testing service is available
for the district groundwater quality monitoring programs and for residents of the
district who sample their own wells. Data generated by this service must be
accurate and consistent (and at a reasonable cost) to provide a sound basis for
groundwater reservoir management.

Appendix 6 lists the labs that are currently certified by the Nebraska Department of
Health.

+ Develop and maintain an NRD computer ihventory of groundwater data.

» Coordinate groundwater datum collection with other agencies and share information
to prevent duplication.

Besides NRD's, the governmental agencies that collect groundwater information
include: the United States Geological Survey, University of Nebraska Conservation
and Survey Division, Nebraska Department of Health, the Environmental
Protection Agency and the Nebraska Department of Environmental Quality. The
NRD will help coordinate groundwater information collection programs within its
boundaries to promote efficiency and avoid duplication of effort.

Improve groundwater conservation practices.
+ Improve management of municipal, industrial, and irrigation water systems through

education and research programs to conserve both quantity and quality of
groundwater.
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The NRD will encourage recycling of industrial wastewater, conduct seminars to
inform the public of conservation practices, and encourage irrigators to use the
following practices:

1. Pumping plant efficiency tests.

2. Overall system efficiency tests.

3. Irrigation scheduling using technologies such as tensiometers or moisture
blocks.

4. Install necessary pollution prevention equipment.

5. Test for nitrates in groundwater and cut back fertilizer application to utilize
nitrates in irrigation water.

6. Install flowmeters on irrigation wells.

Educational programs will inform urban residents of the potential hazards of
fertilizer and lawn pesticide use and of stormwater runoff from streets and parking
areas which might enter groundwater.

Industrial runoff should be carefully managed to provide treatment where necessary
and to avoid pollutants moving downward. Surface runoff from wastewater
treatment lagoons, both urban and livestock, should be controlled to avoid
groundwater degradation. The NRD will work with the Nebraska Department of
Environmental Quality to deal with these concerns.

» Encourage landowners to use best management practices in utilizing soil and water
resources.

In those areas where groundwater levels are near the surface, it is particularly

critical to minimize leaching of surface materials. The Lower Elkhorn NRD offers
programs such as cost-sharing, Lands for Conservation, the Wildlife Habitat
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Program and tree planting as incentives to landowners to use good conservation
practices:

Structural: -

1. Terracing with tile outlets or grassed waterways.
2. Grade stabilization dams.

Non-Structural:

1. Conservation Tillage.

2. Contour farming.

3. Crop rotation.

4. Establish permanent cover on marginal cropground.

These practices reduce erosion and sediment problems. They also keep
sediments and agrichemicals from getting into surface water. By increasing
infiltration of precipitation, these practices can reduce the amount of irrigation water
needed.

» Support state and federal efforts in drought management education.

Several state and federal agencies have established the "Nebraska Drought
Assessment and Response System" (DARS Task Force, 1985) which is a system to
facilitate smooth operation of existing drought response programs available through
various agencies.

Geological Survey Water Supply Paper 1804 "Drought of the 1950's With Special
Reference to the Mid-Continent” is of great value to NRDs and other agencies
concerned with drought. A flood is a specific event that can be seen and measured.
A drought, on the other hand, is less an event than a situation and is difficult to
describe as a course of specific events because commonly there is little measurable
change from month to month. Drought occurs when the water available to plants is
less than required for optimum growth and development.
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Drought severity was formerly evaluated largely on the basis of damage to rural
land, crops and livestock. Now, however, municipal and industrial demands for
water are so heavy, that drought affects all normal activities.

Among the causes of shortage are overuse of water reserves, lack of storage and
distribution facilities, improper design of distribution facilities, poor management of
water supplies, and poor watershed management.

Studies of variation in runoff and recharge are essential parts of the tasks of
evaluating drought effects and of devising means to alleviate those effects. The
NRD must work closely with agencies concerned with drought to anticipate drought
conditions, and minimize adverse impacts.

Maintain and improve groundwater quality.
» Promote the use of best management practices for agricultural and lawn chemicals.

Rural and urban dwellers alike have used chemicals without regard for the impact
on groundwater. In town, lawn and garden chemical applications are poorly
managed and need improvement. Studies have linked the presence of nitrates in
groundwater to fertilizer applications. Pesticides are also being found in
groundwater.

-

The best management practices for agricultural and lawn chemicals involve the
most efficient use of chemicals in the production of crops or the growing of grass.
This involves proper timing and rate of application. Proper application would
reduce contamination from lawn, garden and agricultural chemicals on groundwater
but would not eliminate contamination.

Some best management practices are:
1. Deep soil testing for identification of nutrients and pesticides in the root
zone.
2. Use of nitrogen management.
3. Adherence to Extension Service suggested nutrient application rates for
specific crops and locations.
4. Alternative cropping practices to reduce fertilizer and pesticide

requirements.
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Chemigation safety equipment is required by law on all irrigation systems through
which nitrogen and other chemicals are applied. The NRD is responsible for
inspecting this equipment.

Testing of soils to determine the presence of nitrates or pesticides below the root
zone could identify problem areas where intensive monitoring of the groundwater or
other management measures are needed.

The application of best management practices will be encouraged on a voluntary
basis immediately. Where existing or potential problem areas are identified,
mandatory requirements will be initiated through the use of Groundwater Control,
Management, or Special Protection Areas.

Some Nebraska studies have shown that increases in the level of nitrates in
groundwater can be reduced by utilizing the nitrate concentration present in the root
zone and/or groundwater as a nutrient source for growing crops. Thus, the amount
of nitrogen applied as fertilizer may be reduced by the amount of nitrogen that is
available to the crop from the soil and/or irrigation water without adversely affecting
crop yields.

Specific best management practices recommendations for any area will be based
upon its topography, rainfall, soil structure and the type of crop raised. county
Extension Agents can provide the information needed by farmers and city residents
for proper application of chemicals.

Implementation of best management practices will require coordination of chemical
suppliers, applicators, the Extension Service, Soil Conservation Service, crop
consultants and the NRD to assure all necessary measures are taken.

» Communicate with Nebraska Department of Environmental Quality and other State
and Federal agencies to ensure proper animal waste handling, such as lagoon
design, feedlot drainage, pasture drainage, and manure application.

The Nebraska Department of Environmental Quality, the Nebraska Department of

Health , and the University of Nebraska Extension Service and Conservation and

Survey Division are all involved in monitoring point and nonpoint source poliution.
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With Federal agencies such as Environmental Protection Agencies involved,
communication and coordination are necessary. The NRD can be the
communication link, not only between agencies, but between the people of the
district and the agencies. A necessary part of such coordination is for
representatives from each agency to work closely with the NRD on a regular basis.

« Communicate with Nebraska Deparfment of Environmental Quality and other State
and Federal agencies to investigate the source of groundwater pollution detected by
the NRD monitoring programs.

Fertilizer and pesticide parameters were monitored under the baseline data
sampling program, but sources of pollution were not specifically identified. When
indications of pollution are found, further investigations or studies will be required to
identify the source(s) so appropriate action can be taken. The NRD will
communicate with the appropriate agencies when poliution is suspected to
determine the probable source(s) of the pollution and to ensure that the proper
agency will respond to the problem. Special Protection Areas and Groundwater
Quality Management Areas which incorporate soil and water sampling are two
methods of investigating groundwater pollution.

« Communicate with Nebraska Department of Environmental Quality and other State
and Federal agencies that monitor urban pollution from waste treatment lagoons,
runoff and drainage, to initiate action when contamination is suspected.

Stormwater runoff and drainage from urban areas are significant sources of
pollution and will be monitored in coordination with State agencies. In areas where
there is groundwater rechérge potential from stormwater lagoons or drainage
facilities all agencies involved will cooperate to study and implement the practices
necessary to prevent pollution. In specific problem areas a sampling program using
existing wells will be implemented to monitor pollution in groundwater. Where
existing wells are not adequate, new monitoring wells will be properly constructed.

« Communicate with Nebraska Department of Environmental Quality and other State
and Federal agencies that monitor industrial and transportation pollution.

An extensive program of permits and monitoring for industrial and transportation
poliution has been developed by the Department of Environmental Quality. The
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program will provide for feedback from other State and Federal Agencies involved in
monitoring such activities. The NRD will assist in the identification of areas where
industrial or transportation pollution exists, but any cleanup would be left to the
State and Federal Agencies involved.

+ Coordinate Nebraska Department of Environmental Quality and NRD programs for
groundwater protection strategies.

The NRD must maintain close coordination and association with the Department of
Environmental Quality to assure that groundwater programs are not being
duplicated and to maintain local control to manage groundwater resources.

» Develop a list of treatment methods available to improve drinking water quality.

The NRD, with the assistance of State agencies, will develop a list of recognized
treatment methods and tested products for rural residents to remove pollution from
drinking water. Once an area has been identified as having pollution problems, this
list will be helpful in determining what can be done to assure safe drinking water.
This list will be maintained on the computer inventory and cross referenced to the
parameters monitored in the baseline data sampling program.

» Cooperate with Nebraska Department of Environmental Quality to identify Class V
injection wells, and insure that they are properly registered, constructed and
monitored to prevent groundwater contamination.

The NRD will cooperate with Nebraska Department of Environmental Quality to
determine how Class V injection wells impact groundwater quality. Classs |, Ii, lil
and IV injection wells are normally associated with oil and mineral production or
hazardous and radioactive waste disposal and are currently regulated by other
agencies. Class V wells include agricultural drainage wells, cooling water return
flow wells, groundwater recharge wells, multifamily septic systems and groundwater
heat pump wells (open loop).
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« Cooperate with the Soil Conservation Service and the Cooperative Extension Service
to establish education, incentive and demonstration programs and projects to assist
farmers in developing total nitrogen management packages.

Research has been done and information is available on calculating available
nitrogen from groundwater, the soil profile, livestock manure, and other sources.
However, these concepts must be combined with realistic yield goals and presented
to farmers not only on an economic basis, but also to protect water quality. It is
important that farmers be able to see local demonstrations of intensive nitrogen
management, and have incentives and guidance in initiating their own program.
This will be a part of the solution in areas that develop high nitrates in groundwater.

» Develop a program of deep soil coring to determine nitrogen concentrations in the soil
between the root zone and the water table.

Deep soil coring of selected sites in combination with groundwater analysis can give
us a more complete picture of how our current practices are affecting groundwater
quality. It can also be an early warning system in areas that are not currently
showing a groundwater nitrate problem. Deep sampling can also help to educate
landowners of the need for nitrogen management and best management practices.
The NRD will use this tool to supplement its information and education programs.

Develop integrated management and supply augmentation measures.

« Examine the feasibility of providing supplemental groundwater supplies to
municipalities, industries, and rural water users where beneficial uses are impaired

because of problems in groundwater quantity and/or quality.

Municipalities not having assured adequate supplies of good water should locate
and develop such supplies before allocation and development for other uses may
interfere with future planning for municipal use.

The NRD will cooperate with public water suppliers to protect their source of water
from contamination through the NRD Wellhead Protection Program.

Large municipal systems could share the source of supply from their well fields with

smaller satellite communities.
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« Examine the feasibility of providing supplemental stream flows for instream uses from
the groundwater at beneficial times and places.

The Policy Issue Studies on Instream Flows (Nebraska Natural Resources
Commission, 1982) and on Integrated Management of Surface Water and
Groundwater (Nebraska Natural Resources Commission, 1986) contain alternatives
regarding the use of groundwater to supplement natural flow to meet instream flow
needs. Where necessary to meet an emergency situation, either new wells could
be constructed or contracts negotiated with the owners of existing wells for a water
supply. Legislation would be required to declare that the use of groundwater to
temporarily augment natural flow is beneficial use of groundwater and to permit the
transferal of groundwater off the overlying land.

Whenever multipurpose surface reservoirs are constructed, provisions could be
included to release stored water for instream flow augmentation.

Cooperate with other agencies and organizations to develop and provide educational
materials and programs to promote public support for and participation in management
of groundwater resources.

*» Develop a Summary Brochure of the NRD Groundwater Management Plan.

1. The NRD will publish a summary of the Groundwater Management Plan in the
form of a brochure which can be widely distributed to the public.

2. The brochure will be reproduced in bulk quantities and made available
throughout the NRD at numerous locations such as county, City, and Village
Offices; banks; schools; libraries; and other appropriate agencies and
organizations.

+ Develop an awareness in school children of the value of groundwater.
The NRD will work with the Cooperative Extension Service to develop youth-
oriented groundwater awareness programs for presentation at school assemblies, in

individual classrooms, county conservation days, 4-H meetings, scout meetings,
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county fairs, festivals, and other activities throughout the district and State. These
programs can include the demonstration of the sand-tank groundwater flow model.

The NRD will cooperate with other agencies and organizations in coordinating and
assisting at special events designed to develop groundwater awareness in school

children, K-12, such as the Water Riches Celebration, Water Quality Day, and the
Children's Groundwater Festival.

The NRD will promote the distribution and use of publications designed to develop
groundwater awareness in school children, K-12, such as Soil and Water
Conservation Society and National Association of Conservation District educational
booklets on groundwater resources as well as NRD and other natural resources
agencies' brochures appropriate to the age group.

The programs, demonstrations, events and literature will be actively promoted by
the NRD through correspondence, news releases, flyers, brochures, and the NRD
newsletter. '

» Expand adult citizen awareness of the value of groundwater.

The NRD will encourage the Cooperative Extension Service to develop groundwater
awareness programs appropriate for presentation to adult organizations such as
church groups, fraternal clubs, business societies, county fairs, and festivals.

These programs could inclpde the demonstration of the sand-tank groundwater flow
model.

The NRD will present sand-tank groundwater flow model demonstrations at
appropriate events such as county fairs, expos, Husker Harvest Days or upon
request.

The NRD will cooperate with other agencies and organizations in coordinating or

assisting at special events designed to develop groundwater awareness in adults
such as twilight tours, public meetings, and other events.
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Programs, demonstrations, events, meetings and literature will be actively promoted
by the NRD through broadcasts, correspondence, news releases, flyers, brochures
and the NRD newsletter.

Current groundwater information will be prominently presented in NRD promotions.
« Provide technical information to assist groundwater users.

Assure that farmers have access to crop water use and irrigation scheduling
information.

Encourage farmers to determine fertilizer requirements based upon realistic crop
yield goals and nitrate concentrations in irrigation water and in the soil.

Cooperate with the University of Nebraska Extension Service to organize and
present annual continuing education seminars on nitrogen management and best
management practices for farmers.

Cooperate with the Nebraska Rural Water Association and the League of
Municipalities to organize and present annual continuing education seminars on
best management practices for municipal and rural water system operators and
users.

Inform domestic well owners of the importance and the procedures of sampling and
analyzing the quality of their groundwater supply.

Provide potential well owners with educational material and information on location,
depth, capacity and quality of nearby wells.

Minimize pumping conflicts.

Fluctuation of groundwater levels in high water table areas often presents potential
problems. Wells for domestic use, when drilled to shallow depths, often experience
water shortages during periods of lowered water tables, and domestic users will be
urged to make reasonable effort to obtain a steady supply of groundwater by installing
wells at a deeper depth. Wells drawing from perched water tables, often thin, and at
shallow depths, have frequent shortage problems.
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« Mediate pumping conflicts.
Make technical and hydrogeology information available to conflict parties.
Attempt to negotiate a resolution tq the conflict before it reaches court.
« Establish Groundwater Control or Management Area(s) where a need is established.

» Encourage proper construction of wells having less than 100 gallons per minute
capacity.

1. Encourage and advise citizens to sample domestic and stock wells for water
quality.

2. Encourage proper clean up and abandonment of polluted wells and replacement
with properly constructed wells.

Protect municipal and domestic groundwater supplies.

* Inventory existing and proposed municipal groundwater supply sites, obtain copies of
Department of Health test results, and correlate with NRD monitoring information.

« Assist municipalities in the planning of new groundwater supply facilities and
protection of new or existing supplies. This may include water sampling of wells and
establishment of Wellhead Protection Areas and/or Groundwater Management Areas
in the vicinity of municipal drinking water supplies.

» Provide assistance, such as geological and hydrological information, statutory
requirements, and rules and regulations to domestic well and septic tank owners, well
drillers and equipment installers.

» Plan for rural water system development, including identification of potential

groundwater source locations which may be preserved by implementing Wellhead
Protection Areas and/or Groundwater Management Areas.
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« Coordinate with the Nebraska Department of Environmental Quality and Department
of Health to inventory existing and new potential pollution point sources, such as
wastewater lagoons, fuel facilities, septic systems, and landfills.

» Promote wellhead protection area planning and participation in the NRD Wellhead
Protection Program.

Obtain Funding for Groundwater Management Activities.

When implementation of any of the activities described in the preceding policies

requires funding, the following alternatives for funding will be considered:

* NRD tax levy authorities.
The maximum authorized general purpose tax levy is 4.5¢ per $100 of actual value.
Based upon 1993 taxable valuation, the maximum general purpose tax revenue
generated is $1,678,617 per year.
In groundwater management area(s) or control area(s) the NRD may levy up to an
additional 1.8 cents per $100 of taxable valuation of property within the
management or control area(s) for groundwater management purposes.
In designated Special Protection Areas, the NRD may levy an additional 2 cent per

$100 of taxable valuation on all property in the district to administer the Special
Protection Area activities.

» Seek funding from the State of Nebraska for groundwater management purposes.
Encourage the NARD to draft and lobby for legislation to provide, as a minimum,
state matching funds for NRD administered groundwater management programs

which are mandated by statute.

Pursue cost-share funding from state agencies for data collection programs for
which there is common interest.
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« Seek Funding from other governmental agencies.

Monitor federal programs for funding opportunities and submit applications for
funding if appropriate.

Pursue cost-share funding from federal agencies for data collection programs for
which there is common interest.

Consider inter-agency agreements with local governmental subdivisions for studies,
information collection, and service programs for which there is common interest.
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B. Goal and Objectives

The purpose of the Lower Elkhorn NRD groundwater management plan is to ensure
that an adequate supply of acceptable quality groundwater is always available for
beneficial uses, as stated by the district's reservoir life goal (see page 2). To attain
this, the district will use its resources and authorities to implement the following goal
and objectives to protect the district's”groundwater supplies. Detailed descriptions of
the objectives, programs, and actions can be found on the referenced pages.

Goal: Conserve groundwater quantity and quality
(Master Plan Goal D)

Objectives:

1. Monitor groundwater to detect changes, trends, or problems.

The following programs and attions will be used to accomplish this objective:
a. Groundwater quantity monitoring program (Section VIl.C.1.).
b. Groundwater quality monitoring program (Section VII.C.2.).

2. Improve groundwater conservation practices through education and information
dissemination.
The following programs and actions will be used to accomplish this objective:
a. Expand adult citizen awareness of the value of groundwater.
b. Develop an awareness in school children of the value of groundwater.
c. Develop a summary brochure describing the Lower Elkhorn NRD
groundwater management plan.

3. Assist agricultural producers in proper irrigation water and agrichemical usage.
The following programs and actions will be used to accomplish this objective:

a. Deep soil sampling program (Section VII.C.3.).

b. Groundwater quality monitoring program (Section VII.C.2.).

c. Fertilizer management demonstrations (Section VII.C.8.).
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4. Protect municipal and domestic groundwater supplies.
The following programs and actions will be used to accomplish this objective:
a. Waell sealing program (Section VII.C.4.).
b. Plan for rural water system development.
c. Administer the Nebraska Chemigation Act (Sections IV.B. and VII.C.5.).
d. Initiate actions when groundwater elevation conditions reach groundwater
quantity trigger levels (Section VII.C.6.).
e. Initiate actions when groundwater contamination reaches the groundwater
quality trigger levels (Section VII.C.7.).
f. Wellhead protection program (Section VII.C.9.).
g. Mediate pumping conflicts.

5. Increase our general knowledge of the hydrogeologic characteristics of the district.
The following programs and actions will be used to accomplish this objective:

a. Vadose zone monitéring (Section VII.C.10.).

b. Groundwater quantity monitoring program (Section VIi.C.1.).

c. Groundwater quality monitoring program (Section VII.C.2.).
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C. Program descriptions

1. Groundwater quantity monitoring program.

Groundwater level monitoring consists of three phases:

a. Spring and fall district-wide monitoring. Exhibit 10a shows the irrigation wells
that the district routinely monitors on a semiannual basis. Appendix 2
summarizes the groundwater level information for these wells. The purpose
of this monitoring is to detect long term trends and changes in groundwater
levels throughout the district. Downward changes and trends detected will
actuate groundwater quantity triggers, resulting in protective actions by the
NRD (Section VII.C.6.).

Approximately 88 percent of the irrigation wells shown in Exhibit 10a have
spring and fall measurements dating back 15 to 18 years. The information
gathered from these wells becomes increasingly valuable with each year of
data collection. The NRD will strive to continue collecting information from
those wells with a significant amount of historical data. In the event that data
from any well becomes invalid, such as with a collapsed well or an
abandoned well, the NRD will discontinue its use as a monitoring well, and if
possible, will select a suitable replacement well. The NRD will also improve
the monitoring program as more is learned about the hydrogeologic system
through the addition or deletion of wells from the program. The University of
Nebraska Conservation and Survey Division, the United States Geological
Survey, or a qualified hydrogeologist will be consulted by the district prior to
dropping wells from the program or selecting replacement wells.

b. Concentrated spring and fall measurements in smaliler areas such as
counties, watersheds, or special interest areas. The purpose of this
monitoring is to determine local aquifer characteristics to aid in management
decisions. These areas will be on a rotation basis until more concentrated
data are available for the entire district (where sufficient wells are present to
fulfill the purpose).
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The areas where concentrated groundwater level measurements are

performed will be prioritized as follows:

1) Special interest areas, such as areas where groundwater quantity triggers
have been actuated, potential wellhead protection areas or areas where
groundwater contamination problems exist or are being investigated by
the NRD;

2) Areas with the highest density of groundwater irrigation (see Insert Il - 1,
Figure 10);

3) Complete watersheds; and finally

4) The remaining areas on a county-wide basis.

Concentrated groundwater level measurement efforts will be done as funding
and manpower allows. Currently (1993) these efforts are being applied in a
groundwater quality problem area in eastern Pierce county.

c. Other specialized projects. The district monitors the groundwater level of
observation wells in the Willow Creek Reservoir area to assess the impact of
the reservoir on the area's groundwater. The district also measures
groundwater levels in observation wells near the village of Osmond as a
continuation of a study to help Osmond in their efforts in wellhead protection.

All groundwater level measurements are performed using the wetted-tape
method, although other methods such as electrical probe may be utilized
(Nielsen, 1991). All data are corrected to the land surface elevations and are
reported to the United States Geological Survey. This information is also given
to the owners of the monitored irrigation wells.

. Groundwater quality monitoring program.

The groundwater quality monitoring program will be performed as funding and
manpower allows. This program consists of two phases:

a. Routine, district-wide monitoring. In the mid-1980's, the Lower Elkhorn NRD
established a district-wide network of 81 irrigation wells for a baseline
evaluation of regional groundwater quality. Nitrate-nitrogen, pesticides, and
volatile organic compounds were determined at that time. Additional
inorganic parameters will be determined to enhance our understanding of
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general water quality beginning in the 1994 growing season. The district will
also continue to monitor these wells (or suitable replacements, if needed)
periodically to detect changes or trends in water quality as follows:

Table VIi - 1
Minimum requirements for routine groundwater quality monitoring

BEGINNING IN THE 1994 GROWING
SEASON 5 YEAR CYCLE

Nitrate-nitrogen Nitrate-nitrogen
pH pH
Temperature Temperature
Conductivity Conductivity
Bicarbonate Alkalinity ~ Chloride
Chloride Sulfate
Phosphorus Triazine screen/Atrazine
Sulfate
Calcium
fron
Magnesium
Manganese
Potassium
Sodium
Selenium
Triazine screen/Atrazine

Since detectable concentrations of atrazine have been correlated with high
nitrate-nitrogen levels in groundwater, the district will determine atrazine
concentrations for wells where nitrate-nitrogen contamination exists. A
portable test kit will be used to screen the groundwater for nitrate-nitrogen
concentrations. When nitrate-nitrogen levels are 10 milligrams per liter or
higher, the district will pursue further testing to determine if atrazine also
contaminates the water. If portable triazine screening equipment is available,
the water will be screened for the presence of triazines, and if the triazine are
not detected, there is no requirement for further testing for atrazine. if the
test results in a positive detection, or if portable equipment is not available, a
water sample will be collected and submitted to the laboratory for atrazine
analysis.
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b. Specialized monitoring. The NRD will conduct specialized groundwater
quality monitoring as required for specific water quality investigations or
programs:

1) Areas where groundwater quality triggers have been actuated.
Exhibit 17a shows the areas where nitrate-nitrogen levels were detected
by routine monitoring and exceed the NRD groundwater quality triggers.
The district is investigating these areas in the following order (as of 1993):
a) Pierce county,
b) Central Dodge county,
c) Northern Madison county near Norfolk,
d) North and south of Beemer area
e) Remaining areas;

2) Areas identified in Section VI, Identification of Critical areas for
Protection, particularly along the Elkhorn river valley in Madison county;

3) Areas identified as having groundwater contamination problems through
sources other than the NRD monitoring program. The district will
investigate complaints to ensure that the proper agencies are contacted.
This includes an area northeast of Laurel.

4) Existing or potential Wellhead Protection Areas; and

5) Other areas deemed appropriate by the Board.

All testing results are provided to the owners of the monitored wells. The
protocol for collecting groundwater samples is in Section lll. B. The NRD will
consult with the University of Nebraska Conservation and Survey Division, the
United States Geological Survey, the Nebraska Department of Environmental
Quality, The Nebraska Department of Health, or a qualified consultant to design
and conduct any investigations.

. Deep soil sampling program.

The deep soil sampling program promotes proper nutrient management
techniques through the collection and analysis of deep soil samples. The Lower
Elkhorn NRD will cost share up to 75% of the cost of deep soil sampling (at least
36 inches deep), soil analysis, groundwater nitrate analysis, and fertilizer
recommendations with landowners.
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Samples are to be collected by a Lower Elkhorn NRD certified consultant or
dealer (certification is acquired by attending a training session or alternative
training). Each sample should represent 20 to 40 acres. Each sample will consist
of at least 10 to 15 surface cores to an 8 inch depth; 6 to 8 subsurface cores 8 to
24 inches deep; and 6 to 8 deep cores 24 to 36 inches deep (up to 48 inches
optional). Water samples may be collected by the landowner as long as the well
has pumped for at least 4 hours continuously.

The soil is analyzed for nitrate, Bray-1 phosphorus, pH, lime requirement,
excess lime, and organic matter. Irrigation water is analyzed for nitrate-nitrogen.
All analyses must be done by a state certified lab. Fertilizer recommendations
must be based on University of Nebraska Guidelines.

Irrigated or dryland fields that were in corn, oats, sorghum, wheat, or soybeans
the previous year and will be planted to corn, sorghum, or oats are eligible.

75% of the cost of sampling and analysis up to a maximum of $40 per sample
representing 20 to 40 acres is paid by the district. The district will pay up to
$6.50 for water analysis. Cost share for each cooperator will be limited to three
years for soil sampling. The maximum payment allowed is: $300 per cooperator
the first year; $200 per cooperator the second year of participation; and $100
per cooperator the third (and final) year of participation.

Landowners with approved applications will receive cost share funds after
submitting:
a. Soil and water (if applicable) analysis.
b. Bills for sampling and analysis.
c. Report from the landowner after harvest on actual nutrient applications
(including manure), inches of irrigation water if applicable, and yield.

4. Well sealing program.

There are probably thousands of wells in the Lower Elkhorn Natural Resources
District that are no longer used and remain as open holes. These abandoned
wells are a threat to public health and safety. Besides being a potential physical
hazard for people or animals to fall into, these wells are a direct means for

transmitting surface borne contaminants to groundwater. The Lower Elkhorn
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NRD well sealing program protects groundwater resources by offering cost
share incentives for properly sealing abandoned wells. The program began in
1992, and in the first three years of the program cooperators sealed
approximately 536 wells.

Two methods of administering the program have been used by the district. Both
require that licensed well drillers perform the well sealing work to ensure that the
work is done correctly. The methods differ in the way that the well driller is
selected. Only one method is used at any one time. One method requires an
applicant to submit a description of the physical characteristics of the well and
an application fee to the NRD. The well descriptions are sorted by the district
according to the geographic region of the district and submitted to well drillers
for bidding. The NRD selects well drillers based on the bids and the work is then
performed. The other method requires the applicant to select a well driller. The
applicant submits a price quote from the well driller with the application form to
the NRD. The well sealing work can be done after the NRD approves the
application.

5. Administer the Nebraska Chemigation Act.

The district is responsible for issuing permits for chemigation. The Nebraska
Chemigation Act requires each irrigation system that applies chemicals (other
than water) through the system to have a chemigation permit. The Lower Elkhorn
NRD is responsible for issuing these permits.

New permits cost $30 and are obtained by filling in an application form and
submitting it to the NRD. The district then conducts an inspection to ensure that
the necessary backflow devices and safety equipment are installed and properly
functioning. The Lower Elkhorn NRD has contracted with local citizens to perform
the inspections. Inspections are required for all new permits.

Each system that successfully passes the permit process may be renewed the
following year. The district mails partially filled in application forms to the
previous year permit holders as a service to help the renewal process. These
permits must be submitted to the NRD along with the $10 application fee on or
before June 1 of that year to be considered for renewal. The district performs

equipment inspections for approximately 50% of the renewals each year.
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6. Establish and administer a groundwater management area.

The purpose of the Lower Elkhorn NRD groundwater management plan is to
ensure that an adequate supply of acceptable quality groundwater will always be
available for beneficial uses, as stated by the district's reservoir life goal (see
page 2). The Nebraska Groundwater Management and Protection Act gives
NRDs the authority to form management areas for the protection of groundwater
quantity and quality. '

This portion of the groundwater management plan is intended to be the
foundation for the development of rules and regulations for a groundwater
management area. A description of the actions and controls for the protection of
groundwater quantity begins on page 101; a description of the actions and
controls for the protection of groundwater quality begins on page 105.

a. Groundwater management area background information.
1) Groundwater management and protection.

Nebraska’'s NRDs are authorized to form special areas to protect
groundwater quantity and/or quality. Within these areas, NRDs can
encourage, require, or control actions that have an impact on groundwater
(Chapter 46, Reissue Revised Statutes of Nebraska).

The Lower Elkhorn Natural Resources District Board of Directors decided in
1992 to pursue a groundwater management area to deal with nitrate-
nitrogen contamination in the district. The management area will also
address groundwater quantity problems and nonpoint source contaminants
other than nitrate-nitrogen when needed.

2) Evidence considered by the Board of Directors in establishing a
groundwater management area in the Lower Elkhorn Natural Resources
District.

The groundwater quality studies cited in Section lll indicate that nonpoint
source nitrate-nitrogen contamination exists throughout the district. The
areas that are of immediate concern are in Pierce and Dodge counties.
Other smaller areas of nitrate-nitrogen contamination are documented and
are scattered throughout the district (refer to Exhibit 17a).
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Groundwater is vulnerable to contamination in much of Pierce County, in the
Logan Creek Valley, and in the Elkhorn River Valley (Drastic model,

Figure II-1). The major land use in these areas is cropland (see Figure IV-1).
Additionally, Stanton and Cuming counties have a very large number of
confined animal feeding operations (see figure IV-4 and Table IV-5), with the
manure being locally land applied. The conditions in these areas indicate
the potential for nitrate-nitrogen contamination of groundwater, and the
Board of Directors recognizes this possibility.

Several Public Water Supply wells in the district have nitrate-nitrogen
concentrations that are near or above the Maximum Contaminant Level of
10 milligrams per Liter. While municipalities and some counties have zoning
authorities that can protect Public Water Supply wells, the groundwater
management tools authorized for use in groundwater management areas
can enhance the protection of these wells in rural areas.

Because of documented nitrate-nitrogen contamination of groundwater in
Pierce County, the Lower Elkhorn Natural Resources District Board of
Directors decided in November of 1992 to begin the process of establishing
a groundwater management area. Because of both documented and
potential nitrate-nitrogen contamination of groundwater in other parts of the
district, and to enhance Public Water Supply wellhead protection efforts in
the district, the Board of Directors decided in July of 1993 to include the
entire district in the groundwater management area establishment process.

Documents describing the process of establishing a management area are
contained in Appendix 1. Included are letters from Jim Cook of the Nebraska
Natural Resources Commission and Susan France of the Nebraska
Department of Water Resources, and the Nebraska Groundwater
Management and Protection Act. The process includes preparing a
groundwater management plan for the area, conducting a public hearing to
receive testimony on the plan, and the NRD Board making a decision
whether or not to declare a management area.

When a management area is established, the district will be required to
issue permits for new wells (pursuant to § 46-659). The district must also
determine the total amount of groundwater to be withdrawn that is consistent
with the groundwater reservoir life goal, and adopt the controls necessary to
allow the beneficial use of that volume of water.
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b. Groundwater management area objectives.

The Lower Elkhorn Natural Resources District groundwater management area
is one of the tools that the district will use to accomplish its Reservoir Life Goal
(see page 5). The objectives of the management area are to:

1) protect groundwater quantity to ensure that an adequate supply of
groundwater is available for beneficial uses, and

2) prevent the levels of nonpoint source groundwater contaminants from
becoming too high and to reduce high levels sufficiently to eliminate health
hazards.

Section ‘f beginning on page 100 explains the methods that will be used by the
district to accomplish these objectives.

Formation of the groundwater management area began because of
nitrate-nitrogen contamination in the district, a groundwater quality issue. The
management area will also address other nonpoint source contaminants and
groundwater quantity issues when needed.

c. Cooperation with other agencies.

Numerous state and federal agencies are also responsible for addressing
nonpoint source pollution problems. For example, the Nebraska Department of
Agriculture is responsible for regulating pesticides and may take action to
prevent or remediate pesticide contamination problems.

The district will cooperate with the appropriate agency or agencies when

developing and administering action plans to address nonpoint source
groundwater contamination problems.
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d. Geographic and stratigraphic boundaries of the groundwater management
area.

The Lower Elkhorn Natural Resources District groundwater management area
will include the entire district. The management area will include the following
aquifers:

1
2
3
4

Ogallala group and overlying deposits,

Niobrara formation and overlying deposits,

Dakota group and overlying deposits,

All other aquifers supplying groundwater for beneficial uses.

e. Total groundwater withdrawal within the Groundwater management area.

The Lower Elkhorn NRD has adopted triggers and actions to protect
groundwater quantity. Triggers are actuated when groundwater elevations drop
to specified levels. When a trigger is actuated, the NRD will begin a series of
actions to protect groundwater quantity supplies or to remediate existing
groundwater quantity problems (see page 101). These protective actions
consist of several phases, called action levels, that respond to worsening
conditions with increasingly rigorous corrective measures. Each action level
has its own triggering mechanism, so that changing conditions will trigger new
action levels. The controls used in the action levels include various methods of
restricting the amount of water that may be pumped from the groundwater
reservoir. The Lower Elkhorn NRD groundwater quantity protection triggers are
based on the groundwater levels that existed before widespread installation of
groundwater removal methods (such as irrigation wells). These groundwater
levels must be estimated and are referred to as predevelopment estimates.

The district will initiate actions when groundwater levels in an area drop 15 feet
below predevelopment estimates for that area for a period of 5 to 7 years. If the
controls used in the management area are not effective and groundwater
levels continue to drop, more restrictive actions will be initiated when
groundwater levels drop 20 feet below predevelopment estimates for 3 to 4
years after the establishment of Action Level 2.

For purposes of section 46-673.08, the Lower Elkhorn NRD will allow that
amount of water to be withdrawn from the groundwater reservoir that will
trigger the groundwater quantity management actions that are described
beginning on page 101.
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f.Groundwater management area description.

A groundwater management area can address groundwater quantity and/or
groundwater quality issues. Nonpoint source nitrate-nitrogen groundwater
contamination was the reason for the establishment of the management area that is
described in this section. The management area, however, will also address other
nonpoint source contaminants and groundwater quantity depletions in order to
achieve the district's Reservoir Life Goal (see page 5).

The groundwater management area will address both groundwater quantity and
guality issues, and the management area will include the entire district. The
description of groundwater quantity management begins on page 101; the
description of groundwater quality management begins on page 105.

There are two district-wide requirements of the groundwater management area:
1) wells designed to pump more than 50 gallons per minute must be permitted by
the district prior to well construction, and 2) flow meters must be installed on all
active irrigation wells.

Under the management area, the district will be geographically and/or
stratigraphically divided into subareas. These subareas are called Action Levels for
groundwater quantity management, and Phases for groundwater quality
management. An area will be placed into a subarea according to the conditions in
that area. For example, an area may be placed into a certain Action Level if the
groundwater levels have dropped (a groundwater quantity problem), or it may be
placed into a certain Phase if groundwater in the area is contaminated (a
groundwater quality problem).

The district will require the use of corrective actions within subareas. Different
actions will be required in different subareas according to the conditions in that
subarea. Areas with groundwater level or contamination problems will have different
requirements than areas without those problems. In this way, the actions that the
district will require will be specific to the problem being solved. Groundwater levels
and groundwater contaminant concentrations (as well as other criteria) have been
established by the Board of Directors that will 'trigger’ the designation of a subarea
for quantity and/or quality management. A subarea'’s designation can be changed if
conditions in that area change.

The controls required for the groundwater management area are descnbed on the
foIIowmg pages. One = A

A detailed description of the groundwater quantity portion of this groundwater
management plan begins on page 101. When a problem is detected by the
groundwater quantity monitoring program, Action Level 1 will be triggered and
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groundwater level monitoring will be intensified (more wells will be measured)
in that area. If the intensified monitoring documents that a groundwater level
depletion problem exists in the area, Action Level 2 will be established which
will require volume monitoring of wells and the use of one or more groundwater
management practices as outlined on page 103. If groundwater levels do not
stabilize with these regulations, Action Level 3 will be triggered and additional
groundwater management practices will be required.

A detailed description of the groundwater quality portion of this groundwater
management plan begins on page 105. When groundwater contamination
levels reach or exceed 50% of the Maximum Contaminant Level, that area will
be subject to Phase 2 controls. When groundwater contamination levels reach
or exceed 90% of the Maximum Contaminant Level, that area will be subject to
Phase 3 controls. The remainder of the district will be in Phase I. The controls
listed in this section are generic so that the district can most effectively
address nitrate-nitrogen and other nonpoint source contaminants. The
description for each phase lists the controls that the district will require. Each
list of controls will be the minimum that the district will require for that phase. A
list of additional controls begins on page 109 that the Board of Directors can
impose in any phase to enhance the groundwater quality protection efforts in
that area.

The Lower Elkhorn NRD will, if possible, coordinate with nearby NRDs to make
the actions and controls adopted consistent and compatible with planned or

existing management areas.

1) Groundwater quantity management; subareas, triggers, and controls.

The Lower Elkhorn NRD has established triggering mechanisms for
groundwater quantity protection. These triggers are actuated when certain
conditions are detected by the NRD groundwater quantity monitoring
program. The triggers are intended to be protective measures that will
initiate actions before serious problems occur. Once a trigger is actuated,
the NRD will begin a series of actions to protect groundwater supplies or
remediate existing problems.

Triggers for groundwater quantity protection consist of several phases,
called action levels, that respond to worsening conditions with increasingly
rigorous corrective measures. Each action level has its own triggering
mechanism, so that changing conditions will trigger new action levels.
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Flexibility has been built into the triggers and action levels because of the
complex hydrogeology of the district. The current triggers and actions are
used for the entire district, which may be too protective in some areas and
may under-protect other areas. As our knowledge of the district's
hydrogeology increases, the triggering mechanisms and actions will be 'fine-
tuned' to improve the effectiveness of our groundwater quantity protection
efforts. The Lower Elkhorn NRD will develop unique triggers and actions for
different regions of the district as more local hydrogeologic information
becomes available.

Action Level 1

The Lower Elkhorn NRD will initiate the following actions when, in 2 years of
any 3 year period, the spring groundwater level of any well in the routine
groundwater quantity monitoring program drops 15 or more feet below
predevelopment estimates for groundwater levels in that area. When this
trigger is actuated, the NRD will take the following actions:

a) Intensify educational efforts in the area including, but not limited to,
information concerning:

i. Groundwater conservation practices;

ii. Potential regulatory actions of the 2nd and 3rd Action Levels (see
below);

iii. The status of the groundwater supply in the area.
b) Formation of a local citizen's advisory committee.

c) Increase the number of wells monitored in the area to determine the
extent of the problem, to serve as a basis for triggering Action Level 2,
and to obtain the hydrogeologic information necessary to delineate a
management area. The intensified monitoring program described below
applies to the entire district. The actual monitoring program for each

- problem area may vary according to the local hydrogeologic
characteristics of the area.
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i.  The district will determine a rudimentary area to be monitored. The
shape and size of the area may change as more information is
gathered. A minimum area of 9 square miles will be monitored.

ii. The minimum number of monitoring sites will be 50% of the number of
registered irrigation wells in the area that are suitable for use as
groundwater level observation wells (taking into account criteria such
as quality of well construction and screened intervals). The district will
also consider using registered industrial, livestock, monitoring,
observation, public water supply, and domestic wells that would be
suitable as monitoring sites.

iii. The intensified monitoring will begin no later than the spring after the
trigger was actuated for Action Level 1.

iv. If, after 5 years of the intensified monitoring, the trigger for Action
Level 2 has not been actuated, the district may return to the routine

groundwater level monitoring program for the area.

d) Determine the necessary control measures, rules, and regulations for
Action Levels 2 and 3.

Action Level 2

An area will be placed into Action Level 2 when the spring groundwater
levels in 80% of the wells monitored in the intensified monitoring program
conducted in Action Level 1 drop 15 or more feet below predevelopment
estimates for groundwater levels in those wells for 3 years out of any 4 year
period of time. The area affected by this drop must be a minimum of 9
square miles in size.

The Lower Elkhorn NRD will actively seek public opinioh while developing
the rules and regulations for the area.

The district will require volume metering of wells used for any or all of the
following categories of groundwater use: domestic, agricultural,
manufacturing, commercial, or industrial. The district will also require
owners of these wells to submit an annual report to the district.
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Additionally, the district will choose at least one of the following authorized
controls:

a) Allocate groundwater withdrawal on an acre-inch basis, specifying the
total number of acre-inches of irrigation water per irrigated acre per year
or an average number of acre-inches of irrigation water per irrigated acre
over any reasonable period of time not to exceed five years.

b) Adopt a system of rotation of use of groundwater by utilizing a recurring
series of use and nonuse of irrigation wells on an hourly, daily, weekly, or
monthly basis or of irrigated acres on an annual basis.

c) Adopt well spacing requirements

d) Require the reduction of irrigated acres, where the nonuse of irrigated
acres will be a uniform percentage reduction of each landowner's irrigated
acres.

e) Require the use of flow meters on wells.

f) Require 'best management practices' including irrigation scheduling.

g) Require groundwater users to submit annual reports to the district.

The district will also continue the educational efforts and the groundwater
level monitoring of Action Level 1.
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Action Level 3

An area will be placed into Action Level 3 when the spring groundwater
levels in 80% of the wells monitored in Action Level 2 drop 20 or more feet
below predevelopment estimates for groundwater levels in those wells for 3
years out of any 4 year period of time. The area affected must be a minimum
of 9 square miles in size.

In addition to any of the controls of Action Level 2, the district may require
any of the following controls for an Action Level 3 area:

a) Require the use of tensiometers, soil moisture blocks, or other irrigation
scheduling devices.

b) Require annual reports with water level measurements and quantifying
the total withdrawal from wells.

c) Close the area to the issuance of any additional new well permits for a
period of one year.

The district will also continue the educational efforts and the groundwater
level monitoring of the first two Action Levels.

2) Groundwater quality management; subareas, triggers, and controls.

The Lower Elkhorn Natural Resources District groundwater quality portion of
the management area will be divided into subareas to more effectively
manage areas where different conditions exist (such as areas with high or
low groundwater contamination concentrations, different soil types, or
different land uses). Borders for these subareas will be determined primarily,
but not exclusively, by groundwater contamination concentration. These
subareas will be referred to as ‘phases’. The “Additional Criteria” section on
page 109 lists the other criteria that the Board of Directors will consider
when delineating phases. An area may move from one phase to another
(either ‘up’ or ‘down’) according to groundwater concentration and/or any of
the listed additional criteria that are deemed appropriate by the Board.
Borders for the subareas will follow either natural or political boundaries.

NRDs are required to address all nonpoint source contaminants in their
groundwater management plans. Because of the diversity of potential
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nonpoint source contaminants that the management area could address, the
controls listed in this section are somewhat generic. This is so that .
contaminants other than nitrate-nitrogen may be addressed if necessary.
The controls described on the following pages will generally be most
effective for land applied substances that tend to move with water, such as
nitrate-nitrogen contamination that originates from fertilizer application. The
generic nature of the controls allows for some flexibility in dealing with
contaminants other than nitrate-nitrogen.

The following section is as detailed as possible. More detail may be added,
as appropriate, when rules and regulations are developed or modified for
the specific problems. For example, banning fall and winter application of
fertilizer (or other source of contaminants) on coarse soils (page 109) lacks
detail about the crops that may be affected (such as corn and sorghum for
nitrate problems) and the definition of ‘coarse soil’ (this may mean a
permeability greater than 2 inches per hour). These details and definitions
could be added and changed with rules and regulations.

The controls listed for Phases 1, 2, and 3 on pages 106 through 108 are the
minimum controls for each phase. Page 109 lists the additional controls that
may be used in any of the phases if deemed appropriate by the Board.

The U.S. Environmental Protection Agency has established Maximum
Contaminant Levels allowed in drinking water for many contaminants.
Contaminants occurring above these levels are considered to be a health
risk for people that are exposed to a specified dose of the contaminant for
an extended period of time. Potential contaminants may or may not have
Maximum Contaminant Levels established for them.

For those contaminants that have no Maximum Contaminant Level
established, the district will cooperate with the Nebraska Department of
Health to determine the health risks of the contaminant and develop trigger
levels and controls for the different subareas. The district will initiate this
process when the risk assessment indicates a risk of one (1) death per
million of population (per U.S. Environmental Protection Agency guidelines).
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For those contaminants that have an established Maximum Contaminant
Level, the following criteria and controls will be used to delineate and treat
subareas (the subareas will be called ‘phases’):

Phase 1 - Areas that are not designated as either Phase 2 or Phase 3.

a) Persons installing new wells must obtain a permit from the NRD in
accordance with § 46-659.

b) The district will encourage operators to attend educational programs
sponsored by the district concerning the contaminant (such as fertilizer
and irrigation water management), to perform deep soil testing for the
contaminant(s), to test irrigation water for the contaminant(s) and to
submit an annual report (similar to the report required in phases 2 and 3)
to the district.

Phase 2 - Areas that have from 50% to 90% of the Maximum Contaminant
Level for a contaminant. An area will be placed into a Phase 2 area
when at least 20% of the registered wells in an area are at or above
the trigger level and the contamination is the result of nonpoint
source groundwater contamination. Phase 2 areas must be a
minimum of 9 square miles in size.

a) Persons installing new wells must obtain a permit from the NRD in
accordance with § 46-659.

b) All operators applying fertilizer or (other possible sources of contaminants
that the management area is addressing) must attend educational
programs sponsored by the district.

c) Soil must be tested for residual quantities of the contaminant(s) (such as
nitrate-nitrogen).

d) Irrigation water must be tested for the contaminant(s) (such as nitrate- -
nitrogen).

e) All operators applying fertilizer or (other possible sources of contaminants
that the management area is addressing) must periodically submit reports
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to the district that will include soil test results, irrigation water test resuits,
and other information required by the Board of Directors.

f) Contaminants other than nitrate-nitrogen may require controls that are
different than those listed above for Phase 2 areas. If these controls will
not be effective in preventing or remediating groundwater contaminant(s)
other than nitrate-nitrogen, the Board of Directors may choose to not use
some or all of the controls listed above.

Phase 3 - Areas with greater than 90% of the Maximum Contaminant Level for
a contaminant. An area will be placed into a Phase 3 area after
being in a Phase 2 area for a minimum of five years, and when 50%
of the registered wells in the area are at or above the trigger level.
Phase 3 areas must be a minimum of 9 square miles in size.

a) Persons installing new wells must obtain a permit from the NRD in
accordance with § 46-658.

b) All operators applying fertilizer or (other possible sources of contaminants
that the management area is addressing) must attend educational
programs sponsored by the district.

¢) Soil must be tested for residual quantities of the contaminant(s) (such as
nitrate-nitrogen).

d) Irrigation water must be tested for the contaminant(s) (such as nitrate-
nitrogen).

e) All operators applying fertilizer or (other possible sources of contaminants
that the management area is addressing) must submit a report to the
district that includes soil test results, irrigation water test results, and
other information required by the Board of Directors annually.

f) All irrigation wells must have the volume output certified by the district.

g) All irrigators must employ some form of irrigation scheduling.
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h) Contaminants other than nitrate-nitrogen may require controls that are
different than those listed above for Phase 3 areas. If these controls will
not be effective in preventing or remediating groundwater contaminant(s)
other than nitrate-nitrogen, the Board of Directors may choose to not use
some or all of the controls listed above.

Additional criteria - The district Board of Directors, at its discretion, may
designate an area as, or include an area in, either Phase 2 or Phase 3, when
the triggers are not met, under the following conditions:

a) Areas with similar soil and land use conditions as an existing Phase 2 or
Phase 3 area.

b) Areas that may be vulnerable to groundwater contamination.

c) Areas that have vadose zone contamination that indicates a potential for
groundwater contamination.

d) Areas that are within Public Water Supply Wellhead Protection Areas.

e) Other areas deemed necessary by the Board of Directors consistent with
the Groundwater Reservoir Life Goal and the Nebraska Groundwater
Management and Protection Act .

Additional Controls - Any of the following controls may be required by the
Board of Directors in a Phase 1, Phase 2, or Phase 3 area if deemed
necessary to fulfill the Groundwater Reservoir Life Goal:

a) All operators applying fertilizer or (other possible sources of contaminants
that the management area is addressing) must attend educational
programs sponsored by the district.

b) Soil must be tested for residual quantities of the contaminant(s) (such as
nitrate-nitrogen).

c) Irrigation water must be tested for the contaminant(s) (such as nitrate-
nitrogen).

d) Using realistic yield goals.
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e) Irrigation water scheduling.

f) Meter irrigation water application volume.

g) Ban fall and/or winter fertilizer application.

h) Require the use of nitriffcation inhibitors.

i) Allowing nutrient credit for legume crops.

J) Performing chemical and/or physical analysis of contaminant sources
being land applied (such as manure, compost, sewage sludge, and other

waste products).

k) Allowing nutrient credit for manure, compost, sewage sludge, and other
waste products.

l) Performing nutrient analysis of manure, compost, sewage sludge, and
other waste products. Confined animal production facilities must prepare
and implement a plan for the disposal of animal wastes that determines
the amount of manure that will be land applied, the area of land required
for that amount of manure (complying with UNL recommendations), and
the location(s) of that area of land.
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8. Fertilizer management demonstrations.

The district has cooperated with the University of Nebraska Cooperative
Extension Service since 1986 to conduct on-farm nitrogen fertilizer management
demonstrations. The demonstrations are intended to popularize and show the
validity of best management practices in northeast Nebraska. The
demonstrations also show how different sources of nitrogen (fertilizer and
residual nitrogen from irrigation water and soil) can be efficiently used to
produce a crop and protect groundwater supplies.

Test strips with the University recommended fertilizer rate, 50 pounds per acre
more than the recommended rate, and 50 pounds per acre less than the
recommended rate are established in a farm field. The test strips are replicated
three times to increase the level of confidence in the resuits. The University
recommendations are based on the crop's need, a realistic yield goal, and
residual nitrogen from the soil and irrigation water.

In addition to nitrogen fertilizer rates, this program demonstrates proper
anhydrous ammonia calibration techniques and new technologies such as
chlorophyll meters.

This program has been successful in accomplishing the objective of assisting
farmers in the proper use of fertilizer. The program may be improved by
reaching a larger audience by allowing farmers to conduct the research
themselves with guidance from the district and the Extension Service, in
addition to (or rather than) having the Extension service perform the
demonstrations independently.

9. Wellhead protection program.

The purpose of the Lower Elkhorn NRD wellhead protection program is to assist
public water suppliers and other interested groups in establishing and managing
wellhead protection areas. The program is designed to work with the Nebraska
Wellhead Protection Program, and will supplement promotional and educational
efforts by state and federal agencies.
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Local control of planning for wellhead protection is stressed by this program.
Beneficiaries of wellhead protection actions will be the primary force in plannmg
and implementing wellhead protection areas.

a. Establishment of local planning teams. Participation in the district wellhead
protection program, for all of the items following in this section except for item
'b." below, requires a local wellhead protection planning team. to submit a
written request to the district. The planning team will represent the local
interests of the public water supply system for which wellhead protection is
being pursued. The district will, at its option either attend meetings or review
the summary of meetings held by planning teams.

b. Promote the importance of wellhead protection. The district will promote the
importance of wellhead protection with educational materials and efforts.
Extensive educational materials have been developed by federal and state
agencies concerning wellhead protection; the district will serve as a
distribution center for these.

The NRD will, upon written request, attend wellhead protection planning team
meetings, or if a planning team does not exist, the district will attend
meetings held by parties interested in wellhead protection (such as city
councils, village boards, or citizen groups) for the purpose of promoting the
benefits of wellhead protection, and providing information about the
requirements of wellhead protection planning.

c. Contaminant source inventory. The NRD will help coordinate and train
personnel for contaminant source inventory work.

d. Use of existing NRD programs. The district will target existing NRD programs
that are useful for wellhead protection in designated wellhead protection
areas. These programs include the well sealing program, the groundwater
quality monitoring program, and the groundwater quantity monitoring
program.

e. General advisory capacity. The district will act in a general advisory capacity
to assist wellhead protection planning teams in establishing and managing
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wellhead protection areas. The district will act as a liaison to agencies for
the planning teams, review plans formulated by the planning teams, and
supply data and information upon request. '

f. The district will encourage and assist public water suppliers to obtain the
Nebraska Department of Environmental Quality's wellhead protection area
program delineation and mapping. The Nebraska Department of
Environmental Quality has completed the mapping of some public water
supply systems and has suggested the following prioritization for the
remaining systems to be mapped:

Table VIl - 2
DEQ Welihead protection area delineation priorities

Already mapped First priority Second priority

Belden Foster Beemer

Concord Hadar Creston

Country Estates  Howells Indian Trails Country Club
Hoskins Osmond Madison County SID #3
Madison Pierce Norfolk

Pilger Plainview Norfolk District Game and Parks
Scribner Pierce Community Golf Course
Snyder Plainview Country Club
Suburban Acres Sherwood Medical

Wausa Stanton County SID #1

West Point _ Stanton County School #13
Winside Weetown Bar and Grill

10. Vadose zone monitoring.

The Burt county Extension Service, the Soil Conservation Service, and the
Lower Elkhorn NRD cooperated in a vadose zone sampling effort in the spring of
1993. Four sites were selected in Burt county deep sampling of soil for residual
nitrate and atrazine determinations.

The district will continue to cooperate with the Soil Conservation Service,
University of Nebraska's Extension Service and Conservation and Survey
Division, the Nebraska Department of Environmental Quality, and the United
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States Geological Survey to select suitable sites for and perform vadose zone
monitoring. This program will be instrumental in determining the fate of fertilizer
and pesticides in lawns and cropland, and will help to delineate the potential and
extent of contamination in selected areas.
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VIl SUPPLY AUGMENTATION AND SUPPLEMENTAL SUPPLIES

It is important that water resources be used wisely and efficiently. In areas where
supplies of good water are easily obtained, water is often taken for granted and
considered by many people to be inexhaustible. In recent years, loss of water supply
sources due to contamination or declining water levels has increased the general
public awareness that water supplies are valuable and fragile resources.

Water is the mainstay of the economy in the Lower Elkhorn NRD. Economic
development requires ever increasing quantities of water. In order to meet increasing
demands, additional water must be made available to those areas of existing or
potential shortages. Some portions of the NRD, such as the Sandhills region have
abundant groundwater reserves while other areas, such as the Glacial Drift region have
only marginal supplies. '

One means of making additional water available is to make the most of currently
developed sources. Implementation of water conservation measures by each user
classification needs to be accelerated. Practical water conservation measures need to
be identified and developed. Examples of user conservation practiCes are:

A. Periodically check well efficiency.

B. Improve irrigation efficiency.

C. Use conservation tillage practices.

D. Require tail water reuse.

E. Measure soil moisture.

F. Measure precipitation at the field.

G. Reduce evapotranspiration.

H. Grow hybrid plants that require less water.
[. Plant shelterbelts to reduce wind.

J. Meter all water use.

Education of users regarding optimum water use and scheduling seems to be the
implementation approach most likely to be successful.

Storage sites for surface water need to be identified and developed. Increased surface
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water development could have a twofold impact. It could reduce demands on the
groundwater reservoirs and it would provide supplemental water for new development.
A number of potential reservoir sites have been identified by the Soil Conservation
Service, the Army Corps of Engineers, and the Bureau of Reclamation. Surface water
irrigation projects were investigated by the Bureau of Reclamation in the district in the
1960's and 1970's. The projects have potential for supplemental water supply
development. The water should be stored where the need occurs, and the use of
groundwater basins for storage, rather than new surface storage may be feasible. The
trend of long-range planning is toward conjunctive or integrated management use. This
process may be characterized as using surface reservoirs for checking accounts and
the groundwater basins for savings accounts.

A number of options for making better use of existing water supplies and for providing
supplemental water supplies appear to be available. Additional investigation is needed
to develop and evaluate the alternatives.

In the Policy Issue Study on Supplemental Water Supplies (Nebraska Natural
Resources Commission, 1984) there is a recognition of a legal problem concerning
groundwater transfers. Nebraska statutes explicitly authorize groundwater transfers for
public water supply and industrial purposes. However, transfer authorities for
agricultural purposes are unclear. The policy issue study contains a recommended
alternative which would authorize, by a legislative amendment, groundwater transfer for
agricultural purposes to include irrigation, recharge, and surface and underground
storage.
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| X. GROUNDWATER MANAGEMENT PLAN IMPLEMENTATION

Funding and manpower required to commence and carry out all the desirable
groundwater management programs will not be immediately available to the NRD. A
priority ranking of groundwater management objectives and corresponding programs
are necessary for orderly implementation of programs as the necessary funding and
manpower become available. An ambitious but realistic schedule needs to be followed
for implementation of the desired programs according to priority ranking.

Much of the planning discussed in this section is accomplished through the normal
procedures used with the district's Long Range Plan. The Long Range Plan
(summarized in Appendix 5) outlines the intentions of the Board for the current year
and the upcoming five years. The district uses this plan to project for future funding
and manpower needs.

Funding necessary for management programs can vary significantly from year to year.
In order to provide for more uniform funding of the NRD groundwater management
budget, establishment of a groundwater management sinking fund should be
considered.

The procedure for selecting programs and timing of implementation is as follows:
A. Review Established Groundwater Management Programs

Purpose.

Effectiveness.

Cost records.
Need for procedural revisions.

A ODN =~
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B. Prioritize Proposed Groundwater Management Programs

1. Consider proposed programs for:
a. Importance.
b. Effectiveness.
c. Annual operation cost.
d. Initial implementation cost.
e. Public acceptance.
f. Political impact.

2. The Rank Proposed Programs by Priority
The Directors are polled and programs and projects are ranked by the
following categories:

a. Urgent: Delay in implementation would be dangerous and/or costly.
Justifies diversion of funding or other resources from other NRD
programs.

b. Important: Action needed to coordinate with other agencies and to acquire
information needed for future critical decisions. Provide data for

influencing legislation.

c. Moderate: Potentially important for anticipating trends. Needed to
support or refute warnings of undesirable conditions.

d. Routine: Provide data for responding to inquiries and supporting studies.
C. Annual Priority Ranking of Programs and Projects
Directors shall annually reconsider the priority ranking and proposed activities

and determine which ones will be implemented during the coming year. The
Board and staff of the NRD will use a Target Agenda to ensure that policies and
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programs are pilaced on the agenda and considered at the appropriate time.

1. Describe established programs to be continued.

2. Describe top priority program(s) to be implemented.

3. Describe procedures and cost information for initiating and operating the
program(s). .

4. Obtain opinion of legal counsel regarding program procedures.

5. ldentify applicable funding alternatives.

D. Administer Groundwater Management Plan

1. Operate on-going programs in the district's Long Range Plan.
2. Implement and operate new programs in the district's Long Range Plan..

An example of the results of priority ranking of the district's programs and how this

process is used in the district's planning process can be found in Appendix 5 and is
taken from the Long Range Plan for fiscal year 1994.
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X. PLAN EVALUATION AND ASSESSMENT

The Lower Elkhorn NRD reviews the groundwater management plan annually to
develop and continue groundwater management programs and policies. This annual
review is an important component of the district's planning process, and also serves to
evaluate the plan and objectives.

The original plan was prepared by Olsson Associates, Lincoln, Nebraska, and was a
joint venture with the Upper Elkhorn NRD. The original plan was accepted by the
Nebraska Department of Water Resources in 1986.

The district then revised the plan in 1990 and 1991 to improve the groundwater quality
portion of the plan. One of the major changes was with the groundwater quality trigger,
which was altered to treat nitrate-nitrogen contamination separately from all other
contaminants. Rather than establishing a Management Area when nitrate-nitrogen
contamination reached 9 milligrams per liter, this action would be initiated when nitrate-
nitrogen contamination reached 10 milligrams per liter in a 10 square mile area for two
years. . These criteria allowed the district to be more specific in stating the triggering
mechanism, and reflected the limitations in manpower faced by the district at that time.
The district submitted the revised plan to the Nebraska Department of Water
Resources for an informal critique of the revisions, but it mistakenly went through the
formal review process and was determined to be 'not acceptable' by the department.
The lack of groundwater quantity triggers and weak, non-action oriented language were
the principal causes for rejection of the plan.

The district then decided to include the revisions mandated by §46-673.14 of the
Nebraska Ground Water Management and Protection Act (Appendix 1) with the
follow-up submittal of the plan. The district chose to follow the format recommended by
the Nebraska Department of Water Resources and the Nebraska Department of
Environmental Quality (Appendix 1). Most of the original text and all of the exhibits
were retained, and a great deal of new material was added for the latest revision. The
district added a groundwater quantity trigger, discussed provisions needed to protect
endangered species, changed the groundwater quality trigger back to its original form,
added groundwater policies to the plan, and altered the goals and objectives portion of
the plan.
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Many of the programs used by the district have been successful. The well sealing
program has been particularly effective; over 300 wells were plugged during the first
year of the program. The groundwater quality trigger for nitrate-nitrogen contamination
used in the 1991 revision was actuated in an area of eastern Pierce county (Exhibit
17a), and the Board of Directors instructed the staff in November, 1992, to begin the
process of establishing a management area.

Some of the district's programs have not been as successful. The wellhead protection
program has not been utilized by the public water suppliers in the district. The district
soil sampling program has not used the amount of funding authorized by the Board.

The plan has numerous deficiencies, as outlined in most sections of the plan under the
heading /dentified Needs and Deficiencies. The NRD will correct these deficiencies
over time. The district will continue to improve the plan, such as adding the date of
origin and the dates of revisions to each section so that the reader can know this
history.

The district also needs to establish policies for measuring and evaluating the plan's

objectives and programs. This will give a more clear guidance to the Directors and
staff for the annual review of the plan.
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EXHIBIT 24
DISSOLVED SOLIDS
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SULFATES
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APPENDIX 1

Ground Water Management and Protection Act

‘Reference Outline, Ground Water Management Plan Amendments
( NDWR and NDEQ)

NNRC Description of Control, Management, and Special
Protection Areas






Groundwater Management and Protection Act






Nebraska Groundwater Management and Protection Act (September, 1996)

Chapter 46. Irrigation.
Act, how cited.

46-656.01. Sections 46-656.01 to 46-656.67 shall be known and may be cited as the Nebraska
Ground Water Management and Protection Act.

Chapter 46. Irrigation.
Declaration of intent and purpose.

46-656.02. The Legislature finds that ground water is one of the most valuable natural
resources in the state and that an adequate supply of ground water is essential to the general
welfare of the citizens of this state and to the present and future development of agriculture in the
state. The Legislature recognizes its duty to define broad policy goals concerning the utilization
and management of ground water and to ensure local implementation of those goals.

Every landowner shall be entitled to a reasonable and beneficial use of the ground water
underlying his or her land subject to the provisions of Chapter 46, article 6, and the Nebraska
Ground Water Management and Protection Act and the correlative rights of other landowners
when the ground water supply is insufficient for all users. The Legislature determines that the
goal shall be to extend ground water reservoir life to the greatest extent practicable consistent
with beneficial use of the ground water and best management practices.

The Legislature further recognizes and declares that the management, protection, and
conservation of ground water and the beneficial use thereof are essential to the economic
prosperity and future well-being of the state and that the public interest demands procedures for
the implementation of management practices to conserve and protect ground water supplies and
to prevent the contamination or inefficient or improper use thereof. The Legislature recognizes
the need to provide for orderly management systems in areas where management of ground water
is necessary to achieve locally determined ground water management objectives and where
available data, evidence, or other information indicates that present or potential ground water
conditions, including subirrigation conditions, require the designation of areas with special
regulation of development and use.

Nothing in the Nebraska Ground Water Management and Protection Act relating to the
contamination of ground water is intended to limit the powers of the Department of
Environmental Quality provided in Chapter 81, article 15.

Chapter 46. Irrigation.
Management area; legislative findings.

46-656.03. The Legislature also finds that:

(1) The levels of nitrate nitrogen and other contaminants in ground water in certain areas of
the state are increasing;

(2) Long-term solutions should be implemented and efforts should be made to prevent the levels
of ground water contaminants from becoming too high and to reduce high levels sufficiently to

Nebraska Groundwater management and Protection Act, 9-96



eliminate health hazards;

(3) Agriculture has been very productive and should continue to be an important industry to the
State of Nebraska;

(4) Natural resources districts have the legal authority to regulate certain activities and, as
local entities, are the preferred regulators of activities which may contribute to ground water
contamination in both urban and rural areas;

(5) The Department of Environmental Quality should be given authority to regulate sources of
contamination when necessary to prevent serious deterioration of ground water quality;

(6) The powers given to districts and the Department of Environmental Quality should be used
to stabilize, reduce, and prevent the increase or spread of ground water contamination; and

(7) There is a need to provide for the orderly management of ground water quality in areas
where available data, evidence, and other information indicate that present or potential ground
water conditions require the designation of such areas as management areas.

Chapter 46. Irrigation.
Management area; sections, how construed.

46-656.04. Nothing in sections 46-656.35 to 46-656.48 shall be construed to limit the powers
of the Department of Health and Human Services Regulation and Licensure provided in the
Nebraska Safe Drinking Water Act.

Chapter 46. Irrigation and Regulation of Water.
Legislative findings.

46-656.05. The Legislature further finds:

(1) The management, conservation, and beneficial use of hydrologically connected ground
. water and surface water are essential to the continued economic prosperity and well-being of the
state, including the present and future development of agriculture in the state;

(2) Hydrologically connected ground water and surface water may need to be managed
differently from unconnected ground water and surface water in order to permit equity among
water users and to optimize the beneficial use of interrelated ground water and surface water
supplies;

(3) Natural resources districts already have significant legal authority to regulate activities
which contribute to declines in ground water levels and to nonpoint source contamination of
ground water and are the preferred entities to regulate, through ground water management areas,
ground water related activities which are contributing to or are, in the reasonably foreseeable
future, likely to contribute to conflicts between ground water users and surface water
appropriators or which may be necessary in order to resolve disputes over interstate compacts or
decrees, or to carry out the provisions of other formal state contracts or agreements;

(4) The Department of Water Resources is responsible for regulation of surface water resources
and local surface water project sponsors are responsible for much of the structured irrigation
utilizing surface water supplies, and these entities should be responsible for regulation of surface
water related activities which contribute to such conflicts or provide opportunities for such
dispute resolution;
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(5) The department, following review and concurrence of need by the Interrelated Water
Review Committee of the Nebraska Natural Resources Commission, should also be given
authority to regulate ground water related activities to mitigate or eliminate disputes over
interstate compacts or decrees or difficulties in carrying out the provisions of other formal state
contracts or agreements if natural resources districts do not utilize their ground water
management authority in a reasonable manner to prevent or minimize such disputes or
difficulties; and .

(6) All involved natural resources districts, the department, and surface water project sponsors
should cooperate and collaborate on the identification and implementation of management
solutions to such conflicts or provide opportunities for mitigation or elimination of such disputes
or difficulties.

Chapter 46. Irrigation and Regulation of Water.
Conflicts between ground and surface water use; legislative intent.

46-656.06. The Legislature recognizes that ground water use or surface water use in one natural
resources district may have adverse effects on water supplies in another district or in an adjoining
state. The Legislature intends and expects that each natural resources district within which water
use is causing external impacts will accept responsibility for ground water management in
accordance with the Nebraska Ground Water Management and Protection Act in the same
manner and to the same extent as if the conflicts between ground water use and surface water use
were contained within the district.

Chapter 46. Irrigation.
Terms, defined.

46-656.07. For purposes of the Nebraska Ground Water Management and Protection Act and
sections 46-601 to 46-613.02 and 46-636 to 46-655, unless the context otherwise requires:

(1) Person shall mean a natural person, a partnership, a limited liability company, an
association, a corporation, a municipality, an irrigation district, an agency or a political
subdivision of the state, or a department, an agency, or a bureau of the United States;

(2) Ground water shall mean that water which occurs in or moves, seeps, filters, or percolates
through ground under the surface of the land;

(3) Contamination or contamination of ground water shall mean nitrate nitrogen or other
material which enters the ground water due to action of any person and causes degradation of the
quality of ground water sufficient to make such ground water unsuitable for present or reasonably
foreseeable beneficial uses;

(4) District shall mean a natural resources district operating pursuant to Chapter 2, article 32;

(5) Illegal water well shall mean (a) any water well operated or constructed without or in
violation of a permit required by the act, (b) any water well not in compliance with rules and
regulations adopted and promulgated pursuant to the act, (c) any water well not properly
registered in accordance with sections 46-602 to 46-604, or (d) any water well not in compliance
with any other applicable laws of the State of Nebraska or with rules and regulations adopted and
promulgated pursuant to such laws;
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(6) To commence construction of a water well shall mean the beginning of the boring, drilling,
jetting, digging, or excavating of the actual water well from which ground water is to be
withdrawn;

(7) Management area shall mean any area so designated by a district pursuant to section
46-656.20, by the Director of Environmental Quality pursuant to section 46-656.39, or by the
Director of Water Resources pursuant to section 46-656.52. Management area shall include a
control area or a special ground water quality protection area designated prior to July 19, 1996;

(8) Management plan shall mean a ground water management plan developed by a district and
submitted to the Director of Water Resources for review pursuant to sections 46-656.12 to
46-656.15;

(9) Ground water reservoir life goal shall mean the finite or infinite period of time which a
district establishes as its goal for maintenance of the supply and quality of water in a ground
water reservoir at the time a ground water management plan is adopted;

(10) Board shall mean the board of directors of a district;

(11) Irrigated acre shall mean any acre that is certified as such pursuant to rules and regulations
of the district and that is actually capable of being supplied water through irrigation works,
mechanisms, or facilities existing at the time of the allocation;

(12) Acre-inch shall mean the amount of water necessary to cover an acre of land one inch deep;

(13) Subirrigation or subirrigated land shall mean the natural occurrence of a ground water table
within the root zone of agricultural vegetation, not exceeding ten feet below the surface of the
ground;

(14) Best management practices shall mean schedules of activities, maintenance procedures,
and other management practices utilized to prevent or reduce present and future contamination
of ground water which may include irrigation scheduling, proper timing of fertilizer and
pesticide application, and other fertilizer and pesticide management programs;

(15) Point source shall mean any discernible, confined, and discrete conveyance, including, but
not limited to, any pipe, channel, tunnel, conduit, well, discrete fissure, container, rolling stock,
vessel, other floating craft, or other conveyance, over which the Department of Environmental
Quality has regulatory authority and from which a substance which can cause or contribute to
contamination of ground water is or may be discharged;

(16) Allocation shall mean the allotment of a specified total number of acre-inches of irrigation
water per irrigated acre per year or an average number of acre-inches of irrigation water per
irrigated acre over any reasonable period of time not to exceed five years;

(17) Rotation shall mean a recurring series of use and nonuse of irrigation wells on an hourly,
daily, weekly, monthly, or yearly basis;

(18) Water well shall have the same meaning as in section 46-601.01; and

(19) Surface water project sponsor shall mean an irrigation district created pursuant to Chapter
46, article 1, a reclamation district created pursuant to Chapter 46, article 5, or a public power
and irrigation district created pursuant to Chapter 70, article 6.

Chapter 46. Irrigation.
Natural resources district; powers; enumerated.
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46-656.08. Regardless of whether or not any portion of a district has been designated as a
management area, in order to administer and enforce the Nebraska Ground Water Management
and Protection Act and to effectuate the policy of the state to conserve ground water resources, a
district may: '

(1) Adopt and promulgate rules and regulations necessary to discharge the administrative
duties assigned in the act;

(2) Require such reports from ground water users as may be necessary;

(3) Require meters to be placed on any water wells for the purpose of acquiring water use data;

(4) Conduct investigations and cooperate or contract with agencies of the United States,
agencies or political subdivisions of this state, public or private corporations, or any association
or individual on any matter relevant to the administration of the act;

(5) Report to and consult with the Department of Environmental Quality on all matters
concerning the entry of contamination or contaminating materials into ground water supplies;
and

(6) Issue cease and desist orders, following ten days' notice to the person affected stating the
contemplated action and in general the grounds for the action and following reasonable
opportunity to be heard, to enforce any of the provisions of the act or of orders or permits issued
pursuant to the act, to initiate suits to enforce the provisions of orders issued pursuant to the act,
and to restrain the construction of illegal water wells or the withdrawal or use of water from
illegal water wells.

Chapter 46. Irrigation.
Natural resources district; management area; rules and regulations; public hearing required;
notice.

46-656.09. Before any rule or regulation is adopted pursuant to section 46-656.08, a public
hearing shall be held within the district. Notice of the hearing shall be given as provided in
section 46-656.19.

Chapter 46. Irrigation.
Natural resources district; cease and desist order; violation; penalty.

46-656.10. Any violation of a cease and desist order issued by a district pursuant to section
46-656.08 shall be a Class IV misdemeanor.

Chapter 46. Irrigation.
Action to control or prevent runoff of water; natural resources district; rules and regulations;
power to issue cease and desist orders; notice; hearing. '

46-656.11. (1) In order to conserve ground water supplies and to prevent the inefficient or
improper runoff of such ground water, each person who uses ground water irrigation in the state
shall take action to control or prevent the runoff of water used in such irrigation.

(2) Each district shall adopt, following public hearing, notice of which shall be given in the
manner provided in section 46-656.19, rules and regulations necessary to control or prohibit
surface runoff of water derived from ground water irrigation. Such rules and regulations shall
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prescribe (a) standards and criteria delineating what constitutes the inefficient or improper
runoff of ground water used in irrigation, (b) procedures to prevent, control, and abate such
runoff, (c) measures for the construction, modification, extension, or operation of remedial
measures to prevent, control, or abate runoff of ground water used in irrigation, and (d)
procedures for the enforcement of this section.

(3) Each district may, upon ten days' notice to the person affected, stating the contemplated
action and in general the grounds therefor; and upon reasonable opportunity to be heard, issue
cease and desist orders to enforce any of the provisions of this section or rules and regulations
issued pursuant to this section.

Chapter 46. Irrigation.
Ground water management plan; preparation required; contents; management area designation;
when.

46-656.12. Each district shall prepare a ground water management plan based upon the best
available information and submit such plan to the Director of Water Resources for review and
approval.

The plan shall include, but not be limited to, the identification to the extent possible of:

(1) Ground water supplies within the district including transmissivity, saturated thickness maps,
and other ground water reservoir information, if available;

(2) Local recharge characteristics and rates from any sources, if available;

(3) Average annual precipitation and the variations within the district;

(4) Crop water needs within the district;

(5) Current ground water data-collection programs;

(6) Past, present, and potential ground water use within the district;

(7) Ground water quality concerns within the district;

(8) Proposed water conservation and supply augmentation programs for the district;

(9) The availability of supplemental water supplies, including the opportunity for ground water
recharge;

(10) The opportunity to integrate and coordinate the use of water from different sources of
supply;

(11) Ground water management objectives, including a proposed ground water reservoir life
goal for the district. For management plans adopted or revised after July 19, 1996, the ground
water management objectives may include any proposed integrated management objectives for
hydrologically connected ground water and surface water supplies;

(12) Existing subirrigation uses within the district;

(13) The relative economic value of different uses of ground water proposed or existing within
the district; and

(14) The geographic and stratigraphic boundaries of any proposed management area.

If the expenses incurred by a district preparing a ground water management plan exceed
twenty-five percent of the district's current budget, the district may make application to the
Nebraska Resources Development Fund for assistance.

If a control area, management area, or special ground water quality protection area has been
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designated in a district prior to July 19, 1996, the area shall be designated a management area but
the district shall not be required to adopt or amend its existing rules, regulations, action plan, or
ground water management plan, due to that change in designation, for the geographical area of
the district included in such control area, management area, or special ground water quality
protection area. A district may change references from control area or special ground water
quality protection area to management area without holding a public hearing. Before taking any
action described in the remainder of this section, a district shall hold a public hearing within the
district. Notice of the hearing shall be given as provided in section 46-656.19. If the changes
made by Laws 1996, LB 108, require substantive changes to the district's rules, regulations, or
plans, the district shall enact appropriate amendments to such rules, regulations, or plans. A
district in which a special ground water quality protection area was designated prior to July 19,
1996, shall insure compliance with section 46-656.29. A district in which a control area,
management area, or special ground water quality protection area was designated prior to July 19,
1996, may adopt any of the controls permitted by section 46-656.25.

Chapter 46. Irrigation.
Ground water management plan preparation; district; solicit and utilize information.

46-656.13. During preparation of a ground water management plan, the district shall actively
solicit public comments and opinions and shall utilize and draw upon existing research, data,
studies, or any other information which has been compiled by or is in the possession of state or
federal agencies, natural resources districts, or any other subdivision of the state. State agencies,
districts, and other subdivisions shall furnish information or data upon the request of any district
preparing such a plan. A district shall not be required to initiate new studies or data-collection
efforts or to develop computer models in order to prepare a plan.

Chapter 46. Irrigation.
Ground water management plan; director; review; duties.

46-656.14. The Director of Water Resources shall review any ground water management plan
submitted by a district to ensure that the best available studies, data, and information, whether
previously existing or newly initiated, were utilized and considered and that such plan is
supported by and is a reasonable application of such information. If a management area is
proposed and the primary purpose of the proposed management area is protection of water
quality, the director shall consult with the Department of Environmental Quality regarding
approval or denial of the management plan. The director shall consult with the Conservation and
Survey Division of the University of Nebraska, the Nebraska Natural Resources Commission,
and such other state or federal agencies the director shall deem necessary when reviewing plans.
Within ninety days after receipt of a plan, the director shall transmit his or her specific findings,
conclusions, and reasons for approval or disapproval to the district submitting the plan.

Chapter 46. Irrigation.

Ground water management plan; disapproved by director; district; duties.
46-656.15. If the Director of Water Resources disapproves a ground water management plan,
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the district which submitted the plan shall, in order to establish a management area, submit to the
director either the original or a revised plan with an explanation of how the original or revised
plan addresses the issues raised by the director in his or her reasons for disapproval. Once a
district has submitted an explanation pursuant to this section, such district may proceed to
schedule a hearing pursuant to section 46-656.19.

Chapter 46. Irrigation and Regulation of Water.
Amendment of ground water management plan; contents; exception; modification.

46-656.16. Prior to January 1, 1996, each district shall amend its ground water management
plan to identify to the extent possible the levels and sources of ground water contamination
within the district, ground water quality goals, long-term solutions necessary to prevent the levels
of ground water contaminants from becoming too high and to reduce high levels sufficiently to
eliminate health hazards, and practices recommended to stabilize, reduce, and prevent the
occurrence, increase, or spread of ground water contamination. Notwithstanding the
restrictions provided in section 46-656.22, each district may modify its plan to include (1) any
agreements between the district and state or federal agencies entered into as part of the review
process conducted pursuant to section 46-656.14 and (2) any conditions imposed by the Director
of Water Resources during such review process. If a special ground water quality protection area
has been designated in a district as of September 6, 1991, or if the study required by section
46-656.36 or 46-656.50 recommends the designation of a management area, the district shall not
be required to amend its plan for the geographical area encompassed by the special protection or
management area.

Chapter 46. Irrigation and Regulation of Water.
District; failure to have or amend ground water management plan; effect on funding. .

46-656.17. (1) Any district which fails to comply with section 46-656.16 shall be ineligible to
receive for fiscal year 1996-97 any funds appropriated pursuant to sections 77-27,136 and
77-27,137.02.

(2) Any district which fails to have an approved ground water management plan pursuant to
sections 46-656.12 to 46-656.16 by January 1, 1996, shall become eligible to receive funds
enumerated in subsection (1) of this section for any subsequent fiscal year if the district has an
approved ground water management plan pursuant to sections 46-656.12 to 46-656.16 by the
March 1 immediately preceding the start of such fiscal year.

Chapter 46. Irrigation and Regulation of Water.
District; implementation of ground water management plan; duty.

46-656.18. Each district shall, on or before January 1, 1997, begin implementation of an
approved ground water management plan pursuant to sections 46-656.12 to 46-656.16 which
specifically addresses ground water quality.

Chapter 46. Irrigation.
Management area; establishment; when; hearing; notice; procedure.
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46-656.19. Prior to proceeding toward establishing a management area, a management plan
shall have been approved by the Director of Water Resources or the district shall have completed
the requirements of section 46-656.15. If necessary to determine whether a management area
should be designated, the district may initiate new studies and data-collection efforts and develop
computer models. In order to establish a management area, the district shall fix a time and place
for a public hearing to consider the management plan information supplied by the director and to
hear any other evidence. The hearing shall be located within or in reasonable proximity to the
area proposed for designation as a management area.

Notice of the hearing shall be published at the expense of the district in a newspaper published
or of general circulation in the area involved at least once each week for three consecutive weeks,
the last publication to be not less than seven days prior to the hearing. The notice shall provide a
general description of the contents of the plan and of the area which will be considered for
inclusion in the management area and shall provide the text of all controls proposed for adoption
by the district.

All interested persons shall be allowed to appear and present testimony. The hearing shall
include testimony of a representative of the Department of Water Resources and, if the primary
purpose of the proposed management area is protection of water quality, of the Department of
Environmental Quality and shall include the results of any studies or investigations conducted by
the district.

Chapter 46. Irrigation.
Management area; designated; district; order; contents; duties; controls.

46-656.20. Within ninety days after the hearing the district shall determine whether a
management area shall be designated. If the district determines that no management area shall be
established, the district shall issue an order to that effect.

If the district determines that a management area shall be established, the district shall by order
designate the area as a management area and adopt one or more controls authorized by section
46-656.25 to be utilized within the area in order to achieve the ground water management
objectives specified in the plan. Such an order shall include a geographic and stratigraphic
definition of the area. The boundaries and controls shall take into account any considerations
brought forth at the hearing and administrative factors directly affecting the ability of the district
to implement and carry out local ground water management.

The controls adopted shall not include controls substantially different from those set forth in
the notice of the hearing. The area designated by the order shall not include any area not included
in the notice of the hearing.

Chapter 46. Irrigation and Regulation of Water.
Order; publication; effective; when.

46-656.21. The district shall cause a copy of any order adopted pursuant to section 46-656.20
to be published once each week for three consecutive weeks in a local newspaper published or of
general circulation in the area involved, the last publication of which shall be not less than seven
days prior to the date set for the effective date of the order.
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Such order shall become effective on the date specified by the district.

Chapter 46. Irrigation.
Management plan; ground water management objectives; management area; modifications;
dissolution; procedure.

46-656.22. Modification of a district's ground water management plan or ground water
management objectives may be accomplished utilizing the procedure established for the initial
adoption of the plan. Modification of the boundaries of a district-designated management area or
dissolution of such an area shall be in accordance with the procedures established in sections
46-656.19 to 46-656.21. Hearings for such modifications or for dissolution may not be initiated
more often than once a year. Modification of controls also may be accomplished using the
procedure in such sections.

Chapter 46. Irrigation.
Natural resources district; consult underground water storage permitholders; when.

46-656.23. A district shall, prior to adopting or amending any rules and regulations for a
management area, consult with any holders of permits for intentional or incidental underground
water storage and recovery issued pursuant to section 46-226.02, 46-233, 46-240, 46-241,
46-242, or 46-297.

Chapter 46. Irrigation.

Termination date April 1, 1997. Management area; boundaries encompassing existing ground
water conservation district; powers and duties of natural resources district, Director of
Environmental Quality, or Director of Water Resources; termination of section.

46-656.24. (1) Whenever the boundaries of a designated management area encompass either
wholly or in part any existing ground water conservation district organized under sections 46-614
to 46-634, it shall be the duty of the natural resources district, the Director of Environmental
Quality, or the Director of Water Resources, as the case may be, to actively consult with such
ground water conservation district before adopting, amending, or repealing any control
authorized by section 46-656.25 and before adopting methods, rules, and regulations for the
enforcement of any adopted control.

(2) The natural resources district shall wherever possible utilize and draw upon existing
research data, studies, data collection, or any other beneficial information which has been
compiled by or is in the possession of ground water conservation districts, and in the interest of

avoiding duplication of effort and the resultant unnecessary burden to the taxpayer, the ground
water conservation district shall furnish such information or data upon the request of the district.
Nothing in this section shall be interpreted to restrict the power of a ground water conservation
district to collect data, undertake studies, or collect other information as prescribed in section
46-629, and such districts are hereby encouraged to actively exercise such authority.

(3) This section terminates on April 1, 1997.
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Chapter 46. Irrigation.
Natural resources district; controls authorized; uniformity, exception; different water allocations
authorized; restrict issuance of permits; joint exercise of authority between districts.

46-656.25. (1) A district in which a management area has been designated shall by order adopt
one or more of the following controls for the management area:

(a) It may determine the permissible total withdrawal of ground water for each day, month, or
year and allocate such withdrawal among the ground water users;

(b) It may adopt a system of rotation for use of ground water;

(c) It may adopt well-spacing requirements more restrictive than those found in sections
46-609 and 46-651;

(d) It may require the installation of devices for measuring ground water withdrawals from
water wells;

(e) It may adopt a system which requires reduction of irrigated acres pursuant to subsection (2)
of section 46-656.26;

(f) It may require the use of best management practices;

(g) It may require the analysis of water or deep soils for fertilizer and chemical content;

(h) It may provide educational requirements, including mandatory educational requirements,
designed to protect water quality or to stabilize or reduce the incidence of ground water
depletion, conflicts between ground water users and surface water appropriators, disputes over
interstate compacts or decrees, or difficulties fulfilling the provisions of other formal state
contracts or agreements;

(1) It may require water quality monitoring and reporting of results to the district for all water
wells within all or part of the management area; and

() It may adopt and promulgate such other reasonable rules and regulations as are necessary to
carry out the purpose for which a management area was designated.

(2) In adopting, amending, or repealing any control authorized by subsection (1) of this section
or sections 46-656.26 and 46-656.27, the district's considerations shall include, but not be limited
to, whether it reasonably appears that such action will mitigate or eliminate the condition which
led to designation of the management area or will improve the administration of the area.

(3) Upon request by the district, the Director of Water Resources shall review and comment on
the adoption, amendment, or repeal of any authorized control in 2 management area. The
director may hold a public hearing to consider testimony regarding the control prior to
commenting on the adoption, amendment, or repeal of the control. The director shall consult with
the district and fix a time, place, and date for such hearing. In reviewing and commenting on an
authorized control in a management area, the director's considerations shall include, but not be
limited to, those enumerated in subsection (2) of this section. '

(4) If because of varying ground water uses, varying surface water uses, different irrigation
'distribution systems, or varying climatic, hydrologic, geologic, or soil conditions existing within
a management area the uniform application throughout such area of one or more controls would
fail to carry out the intent of the Nebraska Ground Water Management and Protection Act in a
reasonably effective and equitable manner, the controls adopted by the district pursuant to this
section may contain different provisions for different categories of ground water use or portions
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of the management area which differ from each other because of varying climatic, hydrologic,
geologic, or soil conditions. Any differences in such provisions shall recognize and be directed
toward such varying ground water uses or varying conditions. Except as otherwise provided in
this section, the provisions of all controls for different categories of ground water use shall be
uniform for all portions of the area which have substantially similar climatic, hydrologic,
geologic, and soil conditions.

(5) The district may establish different water allocations for different irrigation distribution
systems, on the condition that such different water allocations shall be authorized for no more
than five years from the time such allocations are adopted.

(6)(a) The district may establish different provisions for different hydrologic relationships
between ground water and surface water.

(b) For management areas a purpose of which is the integrated management of hydrologically
connected ground water and surface water, the district may establish different provisions for
water wells constructed before the designation of a management area for integrated management
of hydrologically connected ground water and surface water and for water wells constructed on
or after the designation date or any other later date or dates established by the district.

(c) The district shall make a replacement water well as defined in section 46-602, or as further
defined in district rules and regulations, subject to the same provisions as the water well it
replaces.

(7) If the district determines, following a public hearing conducted pursuant to section
46-656.19, that the impact on surface water supplies or the depletion or contamination of the
ground water supply in the management area or any portion of the management area is so
excessive that the public interest cannot be protected solely through implementation of
reasonable controls adopted pursuant to subsection (1) of this section, it may close all or a
portion of the management area to the issuance of any additional permits for a period of not more
than five calendar years. The area may be further closed thereafter by a similar procedure for
additional time periods of the same length. Any such area may be reopened at any time the
district determines that conditions warrant new permits at which time the district shall consider
all previously submitted applications for permits in the order in which they were received.

(8) Whenever a management area designated under section 46-656.39 or 46-656.52
encompasses portions of two or more districts, the responsibilities and authorities delegated in
this section and sections 46-656.26 and 46-656.27 shall be exercised jointly and uniformly by
agreement of the respective boards of all districts so affected. Whenever management areas
designated by two or more districts adjoin each other, the districts are encouraged to exercise the
responsibilities and authorities jointly and uniformly by agreement of the respective boards.

(9) For the purpose of determining whether conflicts exist between ground water users and
surface water appropriators, surface water appropriators under the Nebraska Ground Water
Management and Protection Act does not include holders of instream flow appropriations under
sections 46-2,107 to 46-2,119.
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Chapter 46. Irrigation.
Ground water allocation; limitations and conditions.

46-656.26. (1) If allocation is adopted for use of ground water for irrigation purposes in a
management area, the permissible withdrawal of ground water shall be allocated equally per
irrigated acre except as permitted by subsections (4) through (6) of section 46-656.25. Such
allocation shall specify the total number of acre-inches that are allocated per irrigated acre per
year, except that the district may allow a ground water user to average his or her allocation over
any reasonable period of time not to exceed five years. A ground water user may use his or her
allocation on all or any part of the irrigated acres to which the allocation applies.

(2) If annual rotation or reduction of irrigated acres is adopted for use of ground water for
irrigation purposes in a management area, the nonuse of irrigated acres shall be a uniform
percentage reduction of each landowner's irrigated acres within the management area or a subarea
of the management area. Such uniform reduction may be adjusted for each landowner based upon
crops grown on his or her land to reflect the varying consumptive requirements between crops.

Chapter 46. Irrigation.
District; review allocation, rotation, or reduction control; considerations.

46-656.27. A district may annually and shall at least once every three years review any
allocation, rotation, or reduction control imposed in a management area and shall adjust
allocations, rotations, or reductions to accommodate new or additional uses or otherwise reflect
findings of such review, consistent with the ground water management objectives. Such review
shall consider new development or additional ground water uses within the area, more accurate
data or information that was not available at the time of the allocation, rotation, or reduction
order, the availability of supplemental water supplies, any changes in ground water recharge, and
such other factors as the district deems appropriate.

Chapter 46. Irrigation and Regulation of Water.

Joint action plan for integrated management of ground and surface water; preparation; when;
procedure; factors; notice; hearing; determination; order; publication; modification; water use
monitored.

46-656.28. (1) If a district on its own motion or following a request by a surface water
appropriator, surface water project sponsor, ground water user, the Department of Water
Resources, or another state agency has reason to believe that a management area should be
designated for integrated management of hydrologically connected ground water and surface
water or that controls in a management area should be adopted to include such integrated
management, the district may utilize the procedures established in sections 46-656.19 to
46-656.21 or may request that the affected appropriators, the affected surface water project
sponsors, and the Department of Water Resources consult with the district and that studies and a
hearing be held on the preparation of a joint action plan for the integrated management of
hydrologically connected ground water and surface water.

(2) If, following a request from a district and as a result of information available to the
Department of Water Resources and following preliminary investigation, the Director of Water
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Resources makes a preliminary determination that there is a reason to believe that the use of
hydrologically connected ground water and surface water resources is contributing to or is in the
reasonably foreseeable future likely to contribute to (a) conflicts between ground water users
and surface water appropriators, (b) disputes over interstate compacts or decrees, or (c)
difficulties fulfilling the provisions of other formal state contracts or agreements, the
department shall, in cooperation with any appropriate state agency and district, conduct or
coordinate any necessary studies to determine the cause of such conflicts, disputes, or difficulties
and the extent of the area affected. Such studies shall be prioritized and completed within a
reasonable time following such preliminary determination. The department shall issue a written
report of such preliminary findings within ninety days after the completion of any such studies.
The department shall consider all relevant portions of the ground water management plan
developed by the district pursuant to sections 46-656.12 to 46-656.16 during the study required
by this section.

(3) If the director determines from any studies conducted pursuant to subsection (2) of this
section or from information otherwise available that the use of hydrologically connected ground
water and surface water resources is contributing to or is in the reasonably foreseeable future

likely to contribute to conflicts between ground water users and surface water appropriators, to
disputes over interstate compacts or decrees, or to difficulties fulfilling the provisions of other
formal state contracts or agreements and that conflicts between ground water users and surface
water appropriators, disputes over interstate compacts or decrees, or difficulties fulfilling the
provisions of other formal state contracts or agreements could be eliminated or reduced through
the exercise of the authority granted by subsection (5) of this section, he or she shall, within thirty
days after completion of the report required by subsection (2) of this section, consult with the
affected surface water appropriators and district containing the area affected by such conflicts,
disputes, or difficulties and fix a time and place for a public hearing to consider the report, hear
any other relevant evidence, and secure testimony on whether a joint action plan should be
prepared. The hearing shall be held within ninety days after completion of the report, shall be
open to the public, and shall be located within or in reasonable proximity to the area considered
in the report. Notice of the hearing shall be published in a newspaper published or of general
circulation in the area involved at least once each week for three consecutive weeks. The last
publication shall be not less than seven days prior to the hearing. The notice shall provide a
general description of all areas which will be considered for inclusion in the management area for
which the district and director are considering in the preparation of a joint action plan.

(4) At the hearing, all interested persons shall be allowed to appear and present testimony. The
Conservation and Survey Division of the University of Nebraska, the Department of Health, the
Department of Environmental Quality, the Nebraska Natural Resources Commission, the
affected surface water project sponsor or sponsors, and the appropriate surface water
appropriators and district or districts may offer as evidence any information in their possession
relevant to the purpose of the hearing. Within ninety days after the hearing or after any further
studies or investigations conducted by or on behalf of the Director of Water Resources as he or
she deems necessary, the district shall determine by order whether to proceed with developing a
joint action plan for integrated management.
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If the district determines that it should proceed and the district and the director determine that a
joint action plan should be prepared, the district and the director shall develop a joint action plan
to be utilized within the area in order to mitigate or eliminate conflicts between ground water
users and surface water appropriators, disputes over interstate compacts or decrees, or difficulties
fulfilling the provisions of other formal state contracts or agreements.

(5) The district's portion of the joint action plan developed under this section shall include one
or more of the controls authorized by section 46-656.25 and shall be completed within one year
after the date of the district's resolution to proceed. The portion of the joint action plan developed
by the Department of Water Resources shall be completed within one year after the date of the
district's resolution to proceed and shall include one or more of the following measures
concerning the use of surface water:

(a) Increased monitoring and enforcement of surface water diversion rates and amounts diverted
annually;

(b) The prohibition or limitation of additional surface water appropriations;

(c) Requirements for surface water appropriators to apply or utilize reasonable conservation
measures or best management practices consistent with the good husbandry and other
requirements of section 46-231; or

(d) Other reasonable restrictions on surface water use that are consistent with the intent of
section 46-656.05 and the requirements of section 46-231.

If the department determines that surface water appropriators should be required to apply or
utilize reasonable conservation measures or best management practices, the department's
portion of the joint action plan shall allow the affected surface water appropriators and surface
water project sponsors a reasonable amount of time, not to exceed one hundred eighty days
unless extended by the department, to identify the conservation measures or best management
practices to be applied or utilized and a schedule for such application and utilization.

(6) In developing their respective portions of the joint action plan authorized by subsection (5)
of this section, the department and the district shall consider, but not be limited to considering,
whether it reasonably appears that such action would mitigate or eliminate the condition which
led to designation of the management area or the adoption of a joint action plan for the
management area or will improve the administration of the management area.

(7) The district shall also determine that designation of a management area and adoption of a
joint action plan would be in the public interest.

(8) Neither well registration dates nor appropriation dates shall be a factor in determining
whether a management area shall be designated or a joint action plan prepared.

(9) In determining whether designating a management area or adopting a joint action plan
would be in the public interest, the district shall consider (a) the impacts of the existing or
projected diminution or degradation of water resources on (i) surface water appropriators, (ii)
ground water users, (iii) public health and safety, (iv) social, economic, and environmental values
in the affected area or areas, and (v) compliance with state laws, rules, or regulations, including,
but not limited to, constitutional and statutory preferences in the use of water and interstate
compacts or decrees, and (b) whether designation and implementation of a management area or
adoption and implementation of a joint action plan would prevent or alleviate the impact of such
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diminution or degradation of water resources.

(10) Following completion of the district's and the director's portions of the joint action plan,
the district, in order to establish a management area, shall fix a time and place for a public
hearing to consider the joint action plan information and to hear any other relevant evidence. The
hearing shall be held within sixty days after completion of the joint action plan and shall be
located within or in reasonable proximity to the area proposed for designation as a management
area. ‘

Notice of the hearing shall be published at the expense of the district in a newspaper published
or of general circulation in the area involved at least once each week for three consecutive weeks.
The last publication shall be not less than seven days prior to the hearing. The notice shall
provide a general description of the contents of the joint action plan and of the area which will be
considered for inclusion in the management area and shall provide the text of all controls
proposed for adoption by the district and the department.

All interested persons shall be allowed to appear and present testimony. The hearing shall
include testimony of a representative of the department and shall include the results of any
studies or investigations conducted by the district or the director.

(11) Within ninety days after the hearing the district shall determine by order whether a
management area shall be designated.

If the district determines that a management area shall be established, the district shall by order
designate the area as a management area and shall adopt the joint action plan, to include one or
more controls authorized by section 46-656.25 and subsection (5) of this section to be utilized
within the area in order to mitigate or eliminate the conflicts, disputes, or difficulties described in
subsection (9) of this section. Such an order shall include a geographic and stratigraphic
definition of the area. The boundaries and controls shall take into account any considerations
brought forth at the hearing and administrative factors directly affecting the ability of the
district to implement and carry out local ground water management.

The controls adopted shall not include controls substantially different from those set forth in
the notice of the hearing. The area designated by the order shall not include any area not
included in the notice of the hearing.

(12) The district shall cause a copy of any order adopted pursuant to subsection (11) of this
section to be published once each week for three consecutive weeks in a local newspaper
published or of general circulation in the area involved. The last publication shall be not less than
ten days prior to the effective date of the order. The order shall become effective on the date
specified by the district but not later than ninety days after the date of establishment of the
management area.

(13) Modification of a district's portion of a joint action plan may be accomplished utilizing
the procedure established for the initial adoption of the joint action plan. Modification of the
boundaries of a district-designated management area for integrated management or dissolution
of such an area shall be in accordance with the procedures established in sections 46-656.19 to
46-656.21. Hearings for such modifications or for dissolution may not be initiated more often
than once a year. Modification of controls also may be accomplished using the procedure in such
sections.
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(14) Each district in which a joint action plan for a management area has been adopted shall, in
cooperation with the surface water appropriators, any surface water project sponsors, and the
department, establish a program to monitor use of hydrologically connected ground water and
surface water resources in the area which is contributing to or is in the reasonably foreseeable
future likely to contribute to conflicts between ground water users and surface water
appropriators, to disputes over interstate compacts or decrees, or to difficulties fulfilling the
provisions of other formal state contracts or agreements.

(15) For the purpose of determining whether conflicts exist between ground water users and
surface water appropriators, surface water appropriators under the Nebraska Ground Water
Management and Protection Act does not include holders of instream flow appropriations under
sections 46-2,107 to 46-2,119.

Chapter 46. Irrigation.
Construct water well in a management area; permit required; application; form; fee; contents; late
permit application; fee. .

46-656.29. (1) Any person who intends to construct a water well in a management area in this
state on land which he or she owns or controls shall, before commencing construction, apply with
the district in which the water well will be located for a permit on forms provided by the district,
except that (a) no permit shall be required for test holes or dewatering wells with an intended use
of ninety days or less, (b) no permit shall be required for water wells designed and constructed to
pump fifty gallons per minute or less, and (c) a district may provide by rule and regulation that a
permit need not be obtained for water wells defined by the district to be replacement water wells.
Forms shall be made available at each district in which a management area is located, in whole or
in part, and at such other places as may be deemed appropriate. The district shall review such
application and issue or deny the permit within thirty days after the application is filed.

(2) A person shall apply for a permit under this section before he or she modifies a water well
for which a permit was not required under subsection (1) of this section into one for which a
permit would otherwise be required under such subsection.

(3) The application shall be accompanied by a seventeen-dollar-and-fifty-cent filing fee
payable to the district and shall contain (a) the name and post office address of the applicant or
applicants, (b) the nature of the proposed use, (c) the intended location of the proposed water
well or other means of obtaining ground water, (d) the intended size, type, and description of the
proposed water well and the estimated depth, if known, (e) the estimated capacity in gallons per
minute, (f) the acreage and location by legal description of the land involved if the water is to be
used for irrigation, (g) a description of the proposed use if other than for irrigation purposes, (h)
the registration number of the water well being replaced if applicable, and (i) such other
information as the district requires. '

(4) Any person who has failed or in the future fails to obtain a permit required by subsection (1)
or (2) of this section shall make application for a late permit on forms provided by the district.

(5) The application for a late permit shall be accompanied by a two-hundred-fifty-dollar fee
payable to the district and shall contain the same information required in subsection (3) of this
section.
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Chapter 46. Irrigation.
Permit; when denied; corrections allowed; fees nonrefundable.

46-656.30. An application for a permit or late permit for a water well in a management area
shall be denied only if the district in which the water well is to be located finds (1) that the
location or operation of the proposed water well or other work would conflict with any
regulations or controls adopted by the district, (2) that the proposed use would not be a beneficial
use of water for domestic, agricultural, manufacturing, or industrial purposes, or (3) in the case of
a late permit only, that the applicant did not act in good faith in failing to obtain a timely permit.

If the district finds that the application is incomplete or defective, it shall return the
application for correction. If the correction is not made within sixty days, the application shall be
canceled. All permits shall be issued with or without conditions attached or denied not later than
thirty days after receipt by the district of a complete and properly prepared application.

A permit issued shall specify all regulations and controls adopted by a district relevant to the
construction or utilization of the proposed water well. No refund of any application fees shall be
made regardless of whether the permit is issued, canceled, or denied. The district shall transmit
one copy of each permit issued to the Director of Water Resources.

Chapter 46. Irrigation.
Issuance of permit; no right to violate rules, regulations, or controls.

46-656.31. The issuance by the district of a permit pursuant to section 46-656.30 or registration
of a water well by the Director of Water Resources pursuant to section 46-602 shall not vest in
any person the right to violate any district rule, regulation, or control in effect on the date of
issuance of the permit or the registration of the water well or to violate any rule, regulation, or
control properly adopted after such date.

Chapter 46. Irrigation.
Issuance of permit; commence construction and complete water well within one year; failure;
effect.

46-656.32. When any permit is approved pursuant to section 46-656.30, the applicant shall
commence construction as soon as possible after the date of approval and shall complete the
construction and equip the water well prior to the date specified in the conditions of approval,
which date shall be not more than one year after the date of approval, unless it is clearly
demonstrated in the application that one year is an insufficient period of time for such
construction. If the applicant fails to complete the project under the terms of the permit, the
district may withdraw the permit.

Chapter 46. Irrigation.
Director of Water Resources; rules and regulations; Ground Water Management Fund; created;
use; investment. _

46-656.33. All fees paid to the Director of Water Resources in accordance with the terms of the
Nebraska Ground Water Management and Protection Act shall be paid into the Ground Water
Management Fund which is hereby created and which shall be administered by the director. Any
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money credited to the fund may be utilized by the director for payments of expenses incurred in
the administration of the act. Any money in the fund available for investment shall be invested by
the state investment officer pursuant to the Nebraska Capital Expansion Act and the Nebraska
State Funds Investment Act. [

Chapter 46. Irrigation.
Repealed. Laws 1996, LB 1114,.s. 75. (Operative date July 1, 1998.) District encompassed in a
management area; tax levy; purpose; administration.

46-656.34. Each district encompassed in whole or in part by a management area shall have the
power and authority to annually levy a tax not to exceed one and eight-tenths cents on each one
hundred dollars annually on all of the taxable property within the district. Such levy, which shall
be in addition to that authorized by section 2-3225, shall be utilized only for the costs of carrying
out the Nebraska Ground Water Management and Protection Act within the district. Certification
and collection of such levy shall be administered by the district and by the county or counties
involved in the same manner as the levy authorized by section 2-3225.

Chapter 46. Irrigation.
Management area; reports required.

46-656.35. Each state agency and political subdivision shall promptly report to the Department
of Environmental Quality any information which indicates that contamination is occurring.

Chapter 46. Irrigation.
Management area; Department of Environmental Quality; conduct study; when; report.
46-656.36. If, as a result of information provided pursuant to section 46-656.35 or studies
conducted by or otherwise available to the Department of Environmental Quality and following
preliminary investigation, the Director of Environmental Quality makes a preliminary
determination (1) that there is reason to believe that contamination of ground water is occurring
or likely to occur in an area of the state in the reasonably foreseeable future and (2) that the
natural resources district or districts in which the area is located have not designated a
management area or have not implemented adequate controls to prevent such contamination from
occurring, the department shall, in cooperation with any appropriate state agency and district,
conduct a study to determine the source or sources of the contamination and the area affected by
such contamination and shall issue a written report within one year of the initiation of the study.
During the study, the department shall consider the relevant water quality portions of the
management plan developed by each district pursuant to 46-656.12 to 46-656.16, whether the
district has designated a management area encompassing the area studied, and whether the
district has adopted any controls for the area.

Chapter 46. Irrigation.

Management area; contamination; point source; Director of Environmental Quality; duties.
46-656.37. If the Director of Environmental Quality determines from the study conducted

pursuant to section 46-656.36 that one or more sources of contamination are point sources, he or
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she shall expeditiously use the procedures authorized in the Environmental Protection Act to
stabilize or reduce the level and prevent the increase or spread of such contamination.

Chapter 46. Irrigation. :
Management area; contamination; not point source; Director of Environmental Quality; duties;
hearing; notice.

46-656.38. If the Director of Environmental Quality determines from the study conducted
pursuant to section 46-656.36 that one or more sources of contamination are not point sources
and if a management area, a purpose of which is protection of water quality, has been established
which includes the affected area, the Director of Environmental Quality shall consider whether to
require the district which established the management area to adopt an action plan as provided in
sections 46-656.39 to 46-656.43.

If the Director of Environmental Quality determines that one or more of the sources are not
point sources and if such a management area has not been established or does not include all the
affected area, he or she shall, within thirty days after completion of the report required by section
46-656.36, consult with the district within whose boundaries the area affected by such
contamination is located and fix a time and place for a public hearing to consider the report, hear
any other evidence, and secure testimony on whether a management area should be designated or
whether an existing area should be modified. The hearing shall be held within one hundred
twenty days after completion of the report, shall be open to the public, and shall be located within
or in reasonable proximity to the area considered in the report. Notice of the hearing shall be
published in a newspaper published or of general circulation in the area involved at least once
each week for three consecutive weeks, the last publication to be not less than seven days prior to
the hearing. The notice shall provide a general description of all areas which will be considered
for inclusion in the management area. '

At the hearing, all interested persons shall be allowed to appear and present testimony. The
Conservation and Survey Division of the University of Nebraska, the Department of Health and
Human Services Regulation and Licensure, the Department of Water Resources, the Nebraska
Natural Resources Commission, and the appropriate district may offer as evidence any
information in their possession which they deem relevant to the purpose of the hearing. After
the hearing and after any studies or investigations conducted by or on behalf of the Director of
Environmental Quality as he or she deems necessary, the director shall determine whether a
management area shall be designated.

Chapter 46. Irrigation. .
Management area; designation or modification of boundaries; adoption of action plan;
considerations; procedures; order.

46-656.39. (1) When determining whether to designate or modify the boundaries of a
management area or to require a district which has established a management area, a purpose of
which is protection of water quality, to adopt an action plan for the affected area, the Director of
Environmental Quality shall consider:

(a) Whether contamination of ground water has occurred or is likely to occur in the reasonably
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foreseeable future;

(b) Whether ground water users, including, but not limited to, domestic, municipal, industrial,
and agricultural users, are experiencing or will experience within the foreseeable future
substantial economic hardships as a direct result of current or reasonably anticipated activities
which cause or contribute to contamination of ground water;

(c) Whether methods are available to stabilize or reduce the level of contamination;

(d) Whether, if a management area has been established which includes the affected area, the
controls adopted by the district pursuant to section 46-656.25 as administered and enforced by
the district are sufficient to address the ground water quality issues in the management area; and

(e) Administrative factors directly affecting the ability to implement and carry out regulatory
activities.

(2) If the Director of Environmental Quality determines that no such area should be established,
he or she shall issue an order declaring that no management area shall be designated.

(3) If the Director of Environmental Quality determines that a management area shall be
established, that the boundaries of an existing management area shall be modified, or that the
district shall be required to adopt an action plan, he or she shall consult with relevant state
agencies and with the district or districts affected and determine the boundaries of the area,
taking into account the effect on political subdivisions and the socioeconomic and administrative
factors directly affecting the ability to implement and carry out local ground water management,
control, and protection. The report by the Director of Environmental Quality shall include the
specific reasons for the creation of the management area or the requirement of such an action
plan and a full disclosure of the possible causes.

(4) When the boundaries of an area have been determined or modified, the Director of
Environmental Quality shall issue an order designating the area as a management area, specifying
the modified boundaries of the management area, or requiring such an action plan. Such.an order
shall include a geographic and stratigraphic definition of the area.

Chapter 46. Irrigation.
Management area; action plan; preparation by district; when; hearing; notice; publication.

46-656.40. (1) Within one hundred eighty days after the designation of a management area or
the requiring of an action plan for a management area, a purpose of which is protection of water
quality, the district or districts within whose boundaries the area is located shall prepare an action
plan designed to stabilize or reduce the level and prevent the increase or spread of ground water
contamination. Whenever a management area or the affected area of such a management area
encompasses portions of two or more districts, the responsibilities and authorities delegated
in this section shall be exercised jointly and uniformly by agreement of the respective boards of
all districts so affected.

(2) Within thirty days after an action plan has been prepared, a public hearing on such plan shall
be held by the district in reasonable proximity to the area to be affected. Notice of the hearing
shall be published in a newspaper published or of general circulation in the area involved at least
once each week for three consecutive weeks, the last publication to be not less than seven days
prior to the hearing. The notice shall provide a general description of all areas to be affected by
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the proposed action plan and shall provide the text of all controls proposed for adoption by the
district.

(3) Within thirty days after the hearing, the district shall adopt and submit an action plan to the
department.

Chapter 46. Irrigation.
Management area; action plan; contents. -

46-656.41. An action plan filed by a district pursuant to section 46-656.40 shall include the
specifics of an educational program to be instituted by the district to inform persons of methods
available to stabilize or reduce the level or prevent the increase or spread of ground water

contamination. The action plan shall include one or more of the controls authorized by section
46-656.25.

Chapter 46. Irrigation.
Management area; adoption or amendment of action plan; considerations; procedures.

46-656.42. (1) In adopting or amending an action plan authorized by subsection (2) of this
section, the district's considerations shall include, but not be limited to, whether it reasonably
appears that such action will mitigate or eliminate the condition which led to designation of the
management area or the requirement of an action plan for a management area or will improve the
administration of the area.

(2) The Director of Environmental Quality shall approve or deny the adoption or amendment of
an action plan within one hundred twenty days after the date the plan is submitted by the district.
He or she may hold a public hearing to consider testimony regarding the action plan prior to the
issuance of an order approving or disapproving the adoption or amendment. In approving the
adoption or amendment of the plan in such an area, considerations shall include, but not be
limited to, those enumerated in subsection (1) of this section.

(3) If the director denies approval of an action plan by the district, the order shall list the reason
the action plan was not approved. A district may submit a revised action plan within sixty days
after denial of its original action plan to the director for approval subject to section 46-656.45.

Chapter 46. Irrigation.
Management area; district publish control adopted.

46-656.43. Following approval of the action plan by the Director of Environmental Quality, the
district shall cause a copy of each control adopted pursuant to section 46-656.42 to be published
once each week for three consecutive weeks in a newspaper published or of general circulation in
the area involved, the last publication of which shall be not less than seven days prior to the date
when such control becomes effective.

Chapter 46. Irrigation.

Management area; district; duties.
46-656.44. Each district in which a management area has been designated or an action plan for
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a management area has been required pursuant to section 46-656.39 shall, in cooperation with the
Department of Environmental Quality, establish a program to monitor the quality of the ground
water in the area and shall if appropriate provide each landowner or operator of an irrigation
system with current information available with respect to fertilizer and chemical usage for the
specific soil types present and cropping patterns used.

Chapter 46. Irrigation.
Management area; director specify controls; when; powers and duties; hearing.

46-656.45. (1) The power to specify controls authorized by section 46-656.25 shall vest in the
Director of Environmental Quality if (a) at the end of one hundred eighty days following the
designation of a management area or the requiring of an action plan for a management area
pursuant to section 46-656.39, a district encompassed in whole or in part by the management area
has not completed and adopted an action plan, (b) a district does not submit a revised action plan
within sixty days after denial of its original action plan, or (c) the district submits a revised action
plan which is not approved by the director.

(2) If the power to specify controls in such a management area is vested in the Director of
Environmental Quality, he or she shall within ninety days adopt and promulgate by rule and
regulation such measures as he or she deems necessary for carrying out the intent of the Nebraska
Ground Water Management and Protection Act. He or she shall conduct one or more public
hearings prior to the adoption of controls. Notice of any such additional hearings shall be given
in the manner provided in section 46-656.40. The enforcement of controls adopted pursuant to
this section shall be the responsibility of the Department of Environmental Quality.

Chapter 46. Irrigation. .
Management area; controls; duration; amendment of plan.

46-656.46. The controls in the action plan approved by the Director of Environmental Quality
pursuant to section 46-656.42 shall be exercised by the district for the period of time necessary to
stabilize or reduce the level of contamination and prevent the increase or spread of ground water
contamination. An action plan may be amended by the same method utilized in the adoption of
the action plan.

Chapter 46. Irrigation.
Management area; removal of designation or requirement of action plan; modification of
boundaries; when.

46-656.47. A district may petition the Director of Environmental Quality to remove the
director's designation of the area as a management area or the requirement of an action plan for a
management area or to modify the boundaries of a management area designated pursuant to
section 46-656.39. If the director determines that the level of contamination in a management
area has stabilized at or been reduced to a level which is not detrimental to beneficial uses of
ground water, he or she may remove the designation or action plan requirement or modify the
boundaries of the management area.
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Chapter 46. Irrigation.
Management area; Environmental Quality Council; adopt rules and regulations.

46-656.48. The Environmental Quality Council shall adopt and promulgate, in accordance with
the Administrative Procedure Act, such rules and regulations as are necessary to the discharge of
duties under sections 46-656.35 to 46-656.47.

Chapter 46. Irrigation and Regulation of Water.
Disputes over interstate compacts or decrees; applicability of sections; report; contents.
46-656.49. Until January 1, 1999, sections 46-656.50 to 46-656.60 shall apply only to river
basins subject to interstate compacts involving three or more states. A report shall be prepared
by the natural resources districts in such basin or basins and presented to the Natural Resources
Committee of the Legislature before December 1, 1998. The report shall include, but not be
limited to, a review of any activities resulting from and relating to sections 46-656.50 to
46-656.60 and recommendations for specific changes to such sections or to other sections in the
Nebraska Ground Water Management and Protection Act. On and after January 1, 1999, sections
46-656.50 to 46-656.60 shall apply to the entire state.

Chapter 46. Irrigation and Regulation of Water. _
Disputes over interstate compacts or decrees; studies authorized; report.

46-656.50. If, as a result of information available to the Department of Water Resources or a
request by a district and following preliminary investigation, the Director of Water Resources
makes a preliminary determination that there is reason to believe that (1) the use of
hydrologically connected ground water and surface water resources is contributing to or is in the
reasonably foreseeable future likely to contribute to disputes over interstate compacts or decrees
or to difficulties fulfilling the provisions of other formal state contracts or agreements and (2) the
natural resources district or districts in which such use is located have not designated a
management area or have not implemented adequate controls to prevent such disputes or
difficulties, the department shall, in cooperation with any appropriate state agency and natural
resources district, coordinate any necessary studies to determine the cause of such disputes or
difficulties and the extent of the area affected. Such studies shall be prioritized and completed
within a reasonable time following such preliminary determination. The department shall issue a
written report of such preliminary findings within ninety days after the completion of any such
studies. The department shall consider the relevant water quantity portions of the ground water
management plan developed by the district pursuant to sections 46-656.12 to 46-656.16 during
the study required by this section. '

Chapter 46. Irrigation and Regulation of Water.
Disputes over interstate compacts or decrees; action plan authorized; when; hearing; procedure;
notice; order.

46-656.51. (1) If the Director of Water Resources determines from any studies conducted
pursuant to section 46-656.50, or from information otherwise available, that the use of
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hydrologically connected ground water and surface water resources is contributing to or is in the
reasonably foreseeable future likely to contribute to disputes over interstate compacts or decrees
or to difficulties fulfilling the provisions of other formal state contracts or agreements and if a
management area has been established which includes the affected area, the director shall decide
whether to request the district which established the management area to adopt an action plan as
provided in sections 46-656.53 to 46-656.57 in addition to the controls previously adopted by the
district pursuant to section 46-656.25. The district may agree to that request and begin preparing
an action plan under section 46-656.53 or may inform the director that it will not prepare an
action plan unless the director requires the district to do so under subsection (2) of this section
and section 46-656.52.

(2) If the director determines that the use of hydrologically connected ground water and surface
water resources is contributing to or is in the reasonably foreseeable future likely to contribute to
disputes or difficulties described in subsection (1) of this section and that (a) a management area
has not been established or (b) he or she is considering whether to require the district to prepare
an action plan for all or part of an established management area, he or she shall, within thirty
days after completion of the report required by section 46-656.50, consult with the district
containing the area affected by such disputes or situations and fix a time and place for a public
hearing to consider the report, hear any other evidence, and secure testimony on whether a
management area should be designated or whether the district should be required to prepare an
action plan. The hearing shall be held within ninety days after completion of the report, shall be
open to the public, and shall be located within or in reasonable proximity to the area considered
in the report. Notice of the hearing shall be published in a newspaper published or of general
circulation in the area involved at least once each week for three consecutive weeks. The last
publication shall be not less than seven days prior to the hearing. The notice shall provide a
general description of all areas which will be considered for inclusion in the management area for
which the director is considering designation or requiring the preparation of an action plan.

At the hearing, all interested persons shall be allowed to appear and present testimony. The
Conservation and Survey Division of the University of Nebraska, the Department of Health, the
Department of Environmental Quality, the Nebraska Natural Resources Commission, the
affected surface water project sponsor or sponsors, the appropriate surface water appropriators,
and the appropriate district or districts may offer as evidence any information in their possession
relevant to the purpose of the hearing. Within thirty days after the hearing or after any studies or
investigations conducted by or on behalf of the Director of Water Resources as he or she deems
necessary, the director shall determine by order whether a management area shall be designated
or an action plan required.
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Chapter 46. Irrigation and Regulation of Water.
Disputes over interstate compacts or decrees; designation of management area or preparation of
action plan; determination; Director of Water Resources; powers and duties.

46-656.52. (1) The Director of Water Resources may designate a management area to allow the
integrated management of hydrologically connected resources or require the district to prepare an
action plan under sections 46-656.53 to 46-656.60 if the Department of Water Resources
determines: .

(a) That the quantity of surface water resources is being substantially and adversely impacted or
is likely to be substantially and adversely impacted in the foreseeable future because of the use of
hydrologically connected ground water resources;

(b) That substantial and adverse impact is contributing to or is in the reasonably foreseeable
future likely to contribute to disputes over an interstate compact or decree or to difficulties
fulfilling the provisions of other formal state contracts or agreements;

(c) That designating a management area or requiring preparation of an action plan would
mitigate or eliminate the disputes over the interstate compact or decree or the difficulties in
fulfilling the provisions of other formal state contracts or agreements; and

(d) That designating a management area or requiring preparation of an action plan would be in
the public interest.

(2) In determining whether designating a management area or requiring preparation of an action
plan would be in the public interest, the director shall consider (a) the impacts of the existing or
projected diminution or degradation of water resources on (i) surface water appropriators, (ii)
ground water users, (iii) public health and safety, (iv) social, economic, and environmental values
in the affected area or areas, and (v) compliance with state laws, rules, or regulations, including,
but not limited to, constitutional and statutory preferences in the use of water and interstate
compacts or decrees, and (b) whether designation and implementation of a management area
or preparation and implementation of an action plan would mitigate or eliminate the impact of
such diminution or degradation.

(3) Neither well registration dates nor appropriation dates shall be a factor in determining
whether a management area shall be designated or a joint action plan prepared.

(4) If the director determines that a management area shall be established or that the district
shall be required to adopt an action plan, he or she shall consult with relevant state agencies and
with the district or districts affected and determine the boundaries of the area, taking into account
the effect on political subdivisions and the socioeconomic and administrative factors directly
affecting the ability to implement and carry out local ground water and surface water
management, control, and protection. The report by the director shall include the specific reasons
for the creation of the management area or the requirement of such an action plan and a full
disclosure of the possible causes.

(5) When the boundaries of an area have been determined, the director shall issue an order
designating the area as a management area or requiring such an action plan. Such an order shall
include a geographic and stratigraphic definition of the area.

Chapter 46. Irrigation and Regulation of Water.
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Disputes over interstate compacts or decrees; additional action plan required; when; hearing;
notice; district; duties. ‘
46-656.53. (1) Within one year after the designation of a management area or the requiring of

an action plan for a management area, the Department of Water Resources, the surface water
project sponsor or sponsors, and the district or districts within which the area is located shall, in
consultation with each other, prepare an action plan designed to mitigate or eliminate the
incidence of disputes over interstate compacts or decrees or of difficulties fulfilling the
provisions of other formal state contracts or agreements. Whenever a management area or the
affected area of such a management area encompasses portions of two or more districts, the
responsibilities and authorities delegated in this section shall be exercised jointly and uniformly
by agreement of the respective boards of all districts so affected.

(2) Within sixty days after an action plan has been prepared, one or more public hearings on
such plan shall be held by the district and the department in reasonable proximity to the area or
areas to be affected. Notice of each hearing shall be published in a newspaper published or of
general circulation in the area involved at least once each week for three consecutive weeks. The
last publication shall be not less than seven days prior to the hearing. The notice shall include a
general description of all areas to be affected by the proposed action plan, the text of all controls
proposed for adoption by the district, and the text of any surface water regulations prepared by
the department.

(3) Within sixty days after the last hearing, the district shall adopt and submiit its portion of the
action plan to the department.

Chapter 46. Irrigation and Regulation of Water.
Disputes over interstate compacts or decrees; additional action plan; contents.

46-656.54. The district's portion of the action plan adopted under section 46-656.53 shall
include one or more of the controls authorized by section 46-656.25. The portion of the action
plan developed by the Department of Water Resources shall include one or more of the following
measures concerning the use of surface water:

(1) Increased monitoring and enforcement of surface water diversion rates and amounts diverted
annually;

(2) The prohibition or limitation of additional surface water appropriations;

(3) Requirements for surface water appropriators to apply or utilize reasonable conservation
measures or best management practices consistent with the good husbandry and other
requirements of section 46-231; or

(4) Other reasonable restrictions on surface water use that are consistent with the intent of
section 46-656.05 and the requirements of section 46-231. '

If the department determines that surface water appropriators should be required to apply or
utilize reasonable conservation measures or best management practices, the department's
portion of the plan shall allow the affected surface water appropriators and surface water project
sponsors a reasonable amount of time, not to exceed one hundred eighty days unless extended by
the department, to identify the proposed conservation measures or best management practices to
be applied or utilized and a schedule for such application and utilization.
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Chapter 46. Irrigation and Regulation of Water.
Disputes over interstate compacts or decrees; district's portion of action plan; Director of Water
Resources; approve or deny; procedure.

46-656.55. (1) In adopting or amending the respective portions of the action plan authorized by
subsection (2) of this section, the Departmient of Water Resources and the district shall consider,
but not be limited to considering, whether it reasonably appears that such action will mitigate or
eliminate the condition which led to designation of the management area or the requirement of an
action plan for the management area or will improve the administration of the area.

(2) The Director of Water Resources shall approve or deny the adoption or amendment of the
surface water project sponsor's conservation measures and the district's portion of the action plan.
within ninety days after the date the plan is submitted by the district. He or she may hold a public
hearing to consider testimony regarding the action plan prior to the issuance of an order
approving or disapproving the adoption or amendment. In approving the adoption or amendment
of the plan in such an area, considerations shall include, but not be limited to, those enumerated
in subsection (1) of this section and the lawful exercise of the authority granted by the Nebraska
Ground Water Management and Protection Act.

(3) If the director denies approval of the district's portion of an action plan, the order shall state
the reasons for such denial. A district may, within ninety days after denial of its original action
plan, submit a revised action plan to the director for approval subject to section 46-656.58.

Chapter 46. Irrigation and Regulation of Water.

Disputes over interstate compacts or decrees; district's portion of action plan; publication; when.
46-656.56. Following approval of the district's portion of an action plan by the Director of

Water Resources, the district shall cause a copy of each control adopted pursuant to section

46-656.55 to be published once each week for three consecutive weeks in a newspaper published

or of general circulation in the area involved. The last publication shall be not less than seven

days before the date such control becomes effective.

Chapter 46. Irrigation and Regulation of Water.
Disputes over interstate compacts or decrees; water use monitored; when.

46-656.57. Each district in which a management area has been designated or an action plan for a
management area has been required pursuant to section 46-656.52 shall, in cooperation with the
surface water project sponsors and the Department of Water Resources, establish a program to
monitor use of hydrologically connected ground water and surface water resources in the area
which is contributing to or is in the reasonably foreseeable future likely to contribute to disputes
over interstate compacts or decrees or to difficulties fulfilling the provisions of other formal state
contracts or agreements.
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Chapter 46. Irrigation and Regulation of Water.
Disputes over interstate compacts or decrees; controls; duration; amendment authorized.
46-656.58. The controls in the district's portion of an action plan approved by the Director of
Water Resources pursuant to section 46-656.55 shall be exercised by the district for the period of
time necessary to reduce the use of hydrologically connected ground water and surface water
resources in the area which is contributing to or is in the reasonably foreseeable future likely to
contribute to disputes over interstate compacts or decrees or to difficulties fulfilling the
provisions of other formal state contracts or agreements. An action plan may be amended by the
same method utilized in the adoption of the action plan.

Chapter 46. Irrigation and Regulation of Water.
Disputes over interstate compacts or decrees; removal of designation of management area or
action plan; modification of boundaries of management area; director; powers.

46-656.59. A district may petition the Director of Water Resources to remove the designation
of the area as a management area or the requirement of an action plan for a management area or
to modify the boundaries of a management area designated pursuant to section 46-656.52. If the
director determines that the use of hydrologically connected ground water and surface water
resources in the area which is contributing to or is in the reasonably foreseeable future likely to
contribute to disputes over interstate compacts or decrees or to difficulties fulfilling the
provisions of other formal state contracts or agreements in a management area has stabilized at a
level which is no longer detrimental to the public interest, he or she may remove the designation
or action plan requirement or modify the boundaries of the management area.

Chapter 46. Irrigation and Regulation of Water.
Disputes over interstate compacts or decrees; specification of contrels vested in Director of
Water Resources; when; procedure.

46-656.60. (1) If (a) at the end of twelve months following the designation of a management
area or the requiring of an action plan for a management area pursuant to section 46-656.52, a
district encompassed in whole or in part by such a management area has not completed and
adopted its portion of an action plan, (b) a district does not submit a revised action plan within
ninety days after denial of its original action plan, or (c) the district submits a revised action plan
which is not approved by the Director of Water Resources, the power to specify controls
authorized in section 46-656.25 shall, subject to review and concurrence of need by the
Interrelated Water Review Committee of the Nebraska Natural Resources Commission, vest in
the Director of Water Resources.

(2) If, following a review, the committee fails to concur with the need for vesting the power to
specify controls in the Director of Water Resources, the district may proceed with
implementation of its portion of an action plan pursuant to sections 46-656.19 to 46-656.21.

(3) If the power to specify controls authorized in section 46-656.25 in such a management area
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is vested in the director, he or she shall within ninety days adopt and promulgate by rule and
regulation such authorized controls as he or she deems necessary for carrying out the intent of
section 46-656.55. He or she shall conduct one or more public hearings prior to the adoption of
controls. Notice of any such additional hearings shall be given in the manner provided in section
46-656.53. The enforcement of controls adopted pursuant to this section shall be the
responsibility of the Department of Water Resources.

Chapter 46. Irrigation and Regulation of Water.
Interrelated Water Review Committee of the Nebraska Natural Resources Commission; created:;
members; powers.

46-656.61. The Interrelated Water Review Committee of the Nebraska Natural Resources
Commission is created. The committee shall consist of the Governor and two commission
members selected by the commission. The two commission members selected by the commission
shall be selected only after a request for a decision by a district or the Department of Water
Resources, and such members shall not reside or have an interest in real property in a district all
or a portion of which is included in the current or proposed management area for integrated
management of hydrologically connected ground water and surface water. The committee shall
have the authority to determine which position will prevail when differences of opinion occur
between districts and the Department of Water Resources on the questions of the need for, or
adequacy of, district action plans and whether the power to specify ground water controls shall
vest in the Director of Water Resources pursuant to section 46-656.60. The entity requesting a
decision shall state in writing the differences of opinion and what decision the entity requests the
committee to make. '

Chapter 46. Irrigation and Regulation of Water.
Rules and regulations.

46-656.62. The Director of Water Resources shall adopt and promulgate, in accordance with the
Administrative Procedure Act, such rules and regulations as are necessary to the discharge of
duties assigned to the director or the Department of Water Resources by the Nebraska Ground
Water Management and Protection Act.

Chapter 46. Irrigation.
Management area; violation; civil penalty.

46-656.63. Any person who violates any of the provisions of sections 46-656.35 to 46-656.62
for which a penalty is not otherwise provided, other than the requirements of a district, the
Director of Water Resources, or the Department of Water Resources, shall be subject to a civil
penalty of not more than five hundred dollars. Each day of continued violation shall constitute a
separate offense.
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Chapter 46. Irrigation.
Hearings; subject to review.

46-656.64. All hearings conducted pursuant to the Nebraska Ground Water Management and
Protection Act shall be of record and available for review.

Chapter 46. Irrigation.
Administration of act; compliance with other laws.

46-656.65. In the administration of the Nebraska Ground Water Management and Protection
Act, all actions of the Director of Environmental Quality, the Director of Water Resources, and
the districts shall be consistent with the provisions of section 46-613.

Chapter 46. Irrigation.
Appeal; procedure.

46-656.66. Any person aggrieved by any order of the district, the Director of Environmental
Quality, or the Director of Water Resources issued pursuant to the Nebraska Ground Water
Management and Protection Act may appeal the order. The appeal shall be in accordance with
the Administrative Procedure Act.

Chapter 46. Irrigation and Regulation of Water.
Interrelated Water Management Fund; created; use; investment.

46-656.67. The Interrelated Water Management Fund is created. The State Treasurer shall
credit to the fund, for the purpose of conducting studies to determine the cause of current or
potential conflicts between ground water users and surface water appropriators, disputes over
interstate compacts or decrees, or difficulties fulfilling the provisions of other formal state
contracts and agreements, such money as is specifically appropriated and such funds, fees,
donations, gifts, or services or devises or bequests of real or personal property received by the
Department of Water Resources from any federal, state, public, or private source, to be used by
the department for the purpose of funding studies as described in this section. The department
may use its budget authority to request appropriations specifically for the purpose of funding
studies described in this section. The department shall allocate money from the fund for use by
the department, by any state agency, board, or commission, or by any political subdivision of the
state, by agreement, or by private organizations or firms as may be contracted with by the
department. Any money in the fund available for investment shall be invested by the state
investment officer pursuant to the Nebraska Capital Expansion Act and the Nebraska State Funds
Investment Act.
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Preface

In 1991, the Nebraska Legislature enacted Legislative
Bill 51 which requires that "prior to July 1, 1993, each district
shall amend its ground water management plan to identify to the
extent éossible the levels énd sources of ground water
contamination within the area, ground water quality goals, long-
term solutions necessary to prevent the levels of ground water
contaminants from becoming too high and to réduce high levels
sufficiently fo eliﬁinate health hazards) and practicés
recommended to stabilize, reduce, and prevent the occurrencé,
increase, or spread of ground water contamination.” |

It is the goai of this reference outliné to provide a.
framework for‘ground watef gquality management tﬁat~can be uSéa by
each districflto: 1) evaluate existing ground water gquality énd
inventory pofential sourcés of ground water contaminaﬁion} 2)
develop a comprehensive description of the qualitj and.
vulnerability of the ground water; 3) identify the programs and
practices that would be most effective in dealing with areas of
existing and potential ground water contamination; and 4)
evaluate the ground water monitoring program to determine the
most efficient use of resources which will, in furn, enable the
districts to more effectively understand and react to existing or
pdtential ground water contamination.

The following outline provides a list of topics that
would ideally be components of each revised ground water
management plan. The outline is organized to provide a logical

sequence of analysis beginning with the hydrogeologic
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Reference Outline

characterization and culminating with an evaluation of the inpact
and effectiveness of the proposed ground water orotection actions
taken.

It is not the intent of this reference outline to
require that each district automatically rewrite their plan to
conform to the suggested format or sequence of analys15.

However, the entire plan should be reviewed and evaluated to
assess its ability to meet the needs of the District.
Presentation of tecnnical data can be accomplished in a number of
different ways, e.g. according to watersheds, ground water
reservoirs, counties, etc. Some information may already be.
claSSlfled according to one of the above mentioned groupings, and
it would not be practical to rearrange the data according to a
bpre determined grouping. Each district should determine whlch
format will most effectively present the data. 1If the |
information to be contained in the plan is presented