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Understanding the aquifer, its characteristics and its vulnerability is key to understanding the water quality and quality challenges we face in
Nebraska. It should also give us insights into the management strategies and practices necessary to protect this valuable resource.



» Oneofworlds largest
freshwater aquifers

* Covers 174000 scuaremiles
= Containsalnost 175,000
wells

= 95, 886walls lie in Nelraska
* 6,635wAdls lie in the Litde
BlueNRD

w oo

= = v -
and Gudeniag, T581.)

First, it is important to note that Nebraska is blessed to have an abundant water supply. The High Plains Aquifer which blankets
most of the State, extends through eight states, from South Dakota to Texas. Nebraska has over 36% of the land area overlying
the formation, and over 64% of the water in storage. The deepest portion of the aquifer is found in the Sandhills near Hyannis.
The focus of this presentation is within the boundaries of the Little Blue NRD which is highlighted on this slide, near the eastern
edge of the High Plains Aquifer. But what do we know about this aquifer? Lets take a look.



Test Hole LogDaia for Nelraslka

Conservation and Survey Division/USGS Test Holes
1940 - 2006
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Nebraska is a leader in researching the geologic characteristics of sub-surface materials through test hole log information.
Thousands of test hole logs have been completed providing very valuable and detailed profile information from the soil surface
to bedrock formations below, including the presence or absence of water baring aquifers.



These test hole logs and well logs provide information about the thickness and makeup of soils, texture and composition of the
materials, water level information and saturated thickness of the aquifer, the presence of divergent or impermeable lenses and

the depth and type of bedrock that underlies the site. It is interesting to note that no two test holes or well logs are exactly
identical and many have extensive variability.
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At the base of most test holes is the geologic bedrock formations. The bedrock layers of the earth are laid one on top of another
like stacked plates which have had the edge sheered off as you move from west to east across Nebraska. The highest bedrock
elevations are found in the western part of the State and the lowest elevations in Southeastern Nebraska.



Bedrock materials vary from west to east, from the more recently deposited formations such as the Ogallala formation shown in
yellow and present in small areas of Adams and Webster Counties, to the older, deeper formations, like the Dakota shown in
dark green, found predominantly in Jefferson County. As you travel across the Little Blue NRD from west to east, the various
geologic layers get shallower in depth until, in some areas of Jefferson County, the Dakota Formation is exposed on the land

surface.
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But the surface of the geologic bedrock formations are not a level plain as some might imagine. This map shows the geologic

bedrock elevation contours and depicts various hills and valleys that are present across the top of the bedrock layers, much like
you see contours on the land’s surface.



An easier way to visualize the irregularities of the bedrock formations is to project the bedrock elevations in a three dimensional
view. Note the peaks and valleys throughout the range. The peaks shown reflect some geologic high points called “bedrock
highs” where the overburden may be thinner. The valleys reflect the deepest pockets where the overburden containing
saturated sands and gravels are their thickest. Now lets look at the material that lies above the bedrock.



Immediately over the bedrock formations extending to the land surface are layers of unconsolidated material which includes
topsoil, clays, silts, sands and gravel. In the glaciated eastern area of District, rocks and boulders may also be present. These
unconsolidated materials may be either unsaturated (those materials above the water table) or saturated (those below the
water table). The areas shown in red on the map are the thickest and correspond with the deep pockets shown as valleys on the

previous Bedrock Elevations Map.
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The test hole log information referred to earlier is useful in creating geologic cross-sections. By lining up numerous well logs along an axis,
and connecting like materials at various elevations, we can get a picture of the unconsolidated material above the bedrock formation. This
cross-section through the middle of Adams and Webster Counties shows the land surface silts and clays (grey material) that lie above the
sands and gravels (yellow material) of our aquifer. The section also shows the approximate water table elevation in relation to the sands
and gravels and an unconfined aquifer of saturated sands and gravels in excess of 200 feet of thickness. Also interesting to note is a bedrock
high, or divide, which separates the Blue River Basin from the Republican River Basin near the right edge of the map.
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This cross-section through the center of Clay and Nuckolls Counties shows a deep sand and gravel aquifer in Clay County but
quickly tapers off near the Nuckolls County Line. Although hydraulically connected to the Little Blue River, the extent of sand and
gravel aquifer south of the river is thin and non-productive. The clay overburden laying south of the river, and particularly that
portion south of the bedrock high are not hydraulically connected to the sand and gravel aquifer north of the river.
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The cross-section through the middle of Fillmore and Thayer Counties shows an interesting bedrock high toward the left side of
the map, likely made up of consolidated clay material with little specific capacity to yield groundwater. This mound lies under
the Bruning area and is suspected for being a contributing factor to higher nitrates. A significant bedrock high also exists in the
vicinity of the Little Blue River, and a more restrictive bedrock high exists near the Dry Creek. The later bedrock high forms a
distinct divide between the regional High Plains Aquifer and the paleovalley aquifer found in southern Thayer and Jefferson
Counties.
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When viewing the Districts geologic cross-section from west to east across the District, it is easy to see the various bedrock
formations which intersect the sand and gravel aquifer. It also gives a clear picture of the altitudinal change from west to east,
with the water table on the western boundary at 2010" and that on the eastern boundary at 1340°. Naturally, groundwater flows
down-gradient through the saturated materials from west to east. We’'ll take a look at groundwater movement shortly.
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This representative geologic block was created by aligning numerous cross-sections in a parallel manner and interpolating data
between those cross-sections. Note the deep aquifer paleovalleys filled with water baring materials, the bedrock highs and
presence of various sized and shaped clay lenses across the section. Clay lenses, depending on the thickness and extent, can

have a significant impact on groundwater drawdown during pumpage, and the movement of contaminants such as nitrates from
the land surface into the water table.
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This map shows the thickness of the unconsolidated sediments (silt, clay, sand, and gravel) which lie below the water table and are fully
saturated. There are numerous deep pockets of water shown in deep blue which correlate to the bedrock valleys shown in the three-
dimensional map of the area shown earlier. These pockets have saturated aquifer thickness which may exceed 350 feet. However, near the
boundaries of the aquifer, the saturated thickness thins to just over 10 feet. About 26 % of the District has been determined to have aquifers
of less than 10’ of saturated thickness of water baring material, or are void of water baring materials altogether. They are shown as the
crosshatched areas of the map and are typically dryland areas.
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The ground water movement in the saturated sands and gravels is generally from NW to SE across the District. However, the
flow direction may be altered by geologic factors, intensive pumping, or recharge. Flow patterns change slightly with each year’s
conditions and are reflected in annual static groundwater level readings. The natural flow movement through the saturated
sands and gravels of the District is approximately 300’ to 400’/ year when not influenced by water well pumping.
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The measure of how much water will transmit through a formation under a hydraulic gradient of one foot per foot is called
transmissivity. It is the volume of water that will flow over a given time through a one-foot cross-sectional area of the aquifer
multiplied by the aquifer’s thickness as depicted by the insert. The greatest transmissivity is present in the center of the
paleovalley aquifer and lessens as you near the edges of the formation. A well with greater transmissivity generally has less

drawdown during pumping because groundwater moves readily through the sands and gravels to fill the cone of depression
created during pumping.
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One geologic component which affects water quality from nitrates is the depth to water from the land surface. Those areas
having the thickest over-burden and greatest depth to the water table provide a higher level of protection to the aquifer over

time. Those areas shown in blue and bluish tints indicate the most vulnerable locations because of thinner overburden and/or
higher water tables.
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Another important component of groundwater management is the assessment of areas where surface and groundwater are
interconnected. This map, produced by modeling efforts of the Nebraska Department of Natural Resources and released in
December, 2014, shows those portions of the Blue River Basin where, because of surface-ground water interconnectivity, stream

flows would be reduced by 10% over 50 years of groundwater pumping. This interconnectivity can have impacts on both water
quality and water quantity.
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Now, we will change directions slightly as we look at how soil profile characteristics impact water quality and quantity. Water
quality is affected by the thickness of various layers and physical make-up of those layers regarding permeability and percolation
rates, the depth of the water table, location and types of sand and gravel that may exist in the profile, how thick the saturated
material is and the presence of restrictive or limiting layers or rock or clay that may change the vertical penetration and flow

pattern of water.
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Similar characteristics affect the availability of water. Those factors include: permeability rates and composition of the soils

material, thickness of water barring materials, composition of sub-water table materials and the presence of clay lenses or other
restrictive features.
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As mentioned earlier, no two well profiles are the same. These actual well driller’s logs show varying characteristics and help to
assess the risks of groundwater contamination graphically. The more sand that exists above the water table, and the higher the
water table, the quicker surface contamination could reach the groundwater below.
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Schematic showing the amount of water in storage in a representative
volume of the High Plains aquifer.

The soils above the water table, typically develop airspaces as water drains from them by gravity. The water which can drain
naturally from the soils is referred to as the specific capacity of the soil. In a saturated condition, all the air spaces are filled with
water as shown by the block at left. The amount of water which can drain from a saturated soil is dependent on the makeup and

texture of the soil materials.
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Schematic of an unconfined aquifer showing unsaturated zone, water
table, saturated zone (aquifer), base of aquifer, and under- lying
impermeable bedrock.

In the environment, we typically find the unsaturated zone, above the water table, and the saturated zone, that which lies below
the normal water table. Water is in constant motion, albeit very slowly, as it migrates from the land surface to the water table,
and through the water table laterally from areas of higher elevation to lower elevation.
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Schematic showing infiltration of nitrates or other contaminants leaching
below the crop root zone toward groundwater. Once the contaminant
reaches groundwater, it's movement is influenced by both vertical and

horizontal water motions.

This slide portrays the water movement through the soil profile as it escapes below the crops root zone. (Click) Such deep percolation, if laden with
nitrates or other surface contaminants, penetrates the soil profile and can reach the water table (Click) where its movement is then affected by both
vertical and (Click) horizontal influences of groundwater movement. University of Nebraska research shows the deep percolation rate of nitrates with
water in most silt and clay soils of the Little Blue NRD is approximately three (3’) feet per year. Movement through sandy soils is much more rapid. With
the slow lateral movement of groundwater reported earlier, you can understand that most contaminants in groundwater are found fairly close to their

source.
Once the soil profile has been saturated with nitrates, it takes a very long time for the soils to void of nitrates, even when the source of contamination

from above is eliminated.
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Understanding the factors that affect groundwater movement in the soil should influence our management practices on the land
surface. Our goal should be apply practices which reduce the risks of contaminants leaching below the root zone and ultimately
contributing to groundwater quality degradation.
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Over the years, groundwater contamination, particularly from nitrates, has become a growing water quality problem. This map
shows the nitrates sampling results of the Little Blue NRD over a 6 years period. The areas shown with green dots, and yellow
and red stars have exceeded the groundwater quality threshold goals of 7 parts per million (PPM) established by the NRD.
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Public Health iInfomnation
Nitrate levels at or above 10 PPVIlevel have been known to cause a potentially
fatal blood disorder in infants under sixmaonths of age.

Vethamogiohbinaria or "biue-baby " syndrae, is a reduction in the oxygen-
camying capacity of blood

LBNRD is concerned about the health of its citizens and the need to keep our groundwater clean of contaminates. As you can
see nitrate can potentially cause health issues. EPA has established a maximum contaminant level of 10 parts per million for
nitrates and there has been discussions that this level may still provide too much risk.
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Water Quality Sub-Areas
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For that reason, the Little Blue NRD has established 8 water quality sub-areas where nitrate levels have exceeded the 7 ppm
threshold. These areas encompass about 26 percent of the District’s land area. Intensive nitrogen management actions are now
required by producers in these areas.



LENRDWater Qudlity Controls

» Theentire LBENRDDistrictis inalevel | ManagarentArea

= The LBNRDBoard can establishWaier Qudlity Sub-areas if certain contaminate
threshalds aremet.

= Acongete set up rules are available at wwwdittiebluenrdorg.

The LBNRD has established a Groundwater Management Area that covers the entire NRD and includes various triggers for
dealing with water quality and quantity problems. A complete set of rules is available on our web site at www. Littlebluenrd.org,
but a brief summary of the water quality rules follows.
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Level | -Nanacarent Reguiraments

* Preplant anhydrous anmonia gpplications
are prohibited prior to Novarier 1=

* Noapplication of liquid or dry nitrogen
fertilizer betiveenNovarier 1 andiViach 1.
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nitrogen nhibitor

These practices are currently in place across the NRD and apply to all lands.
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Triggers for Esiablislhmentof WalerQudlity Subareas

- Ledll
— 7%of the MO (Nitrate is 10PFAV)
— 60%0of theMoritoredWHlls
- Lend lll
— 85%of theMICL
— 60%0of theMonitored\His
e lendV
— 100%0of the MICL

To move to the next level of management, the LBNRD can establish water quality sub-areas when 60 percent of the monitored
wells in an area reach 7 ppm or mg/I for nitrates. The water samples are collected from irrigation wells and if nitrates continue
to rise, the NRD Board can initiate the next level of management requirements.
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Levd Il -Nanagarent Reguiraments

Establishment of “Damonstration Field”

Sail Sarping is required onDaro Field if adding nitrtogen fertilizer
Imigation Scheduling is required onDeno Field

Armual report reguired onDeno Feld
Cerator Taning every 4 years

The idea of Level Il management is for the producer to establish a “Demonstration Field” to do best management practices. Itis
hoped that the implementation of these best management practices will prompt an operator to initiate these same practices on
all fields. Soil sampling has been proven to be an effective best management practice to understand the crop nutrient use and
residual levels of nutrients. Sampling for residual soil nitrogen should be done before planning or applying fertilizer. Nitrate is a
very mobile nutrient and levels fluctuate yearly, so sampling is necessary to determine accurate nitrogen needs of the field.
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Law il -VManacarent Reguiraments
Armual Sail Sarpingonall fields
Encouragewaier analysis for nitogen
Imigation Scheduling onall fields

If groundwater nitrates levels continue to rise, higher levels of management may be needed and the level of management

expectations also rise. Under Level Il controls, the requirements of Level Il extend to all fields. Level IV requirements are the
most restrictive.
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Key NittogenVanacarent Stategies

- Sail testing is the simplest andmost
effectiveway to knowyour fertility needs.
- Apply fertilizer as close to the gronwing

There are a number of ways to best determine fertilizer needs and prepare for next year’s crop. These are just a few of the most
common.
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Utilizing the nitrates in the irrigation water is an often overlooked Best Management Practice. By knowing the level of nitrates in
the water, a producer can calculate the credit contributed by expected irrigation water applications and reduce his nitrogen
application accordingly. Because this nitrogen is applied during the critical growing period of the crop, all the nitrogen is readily
available for the crop. That is why it is important to get you water tested annually to know what credit can be taken. Using this
credit can help reduce fertilizer costs.

37



Sail Sanydes Provide Vaiuahie infomationAlbout Sail Balance

The NRD also encourages producers to consider an occasional complete soil sampling to determine the levels of all essential soil
nutrients. A program of N-P-K fertilization, without knowledge of other soil micronutrient content, can lead to the over use of

nitrogen fertilizer which simply masks the real problem, an imbalance of essential soil nutrients. Deficiencies in certain soil
nutrients also lead to poorer plant health, limited yields and lost revenue.
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Aneffective way o spoaHeed aops.

I you are applying charticals or fertilizers
throughyour imigation systema parmit is
required framthe LENRD

Fees

— NewPemit - $60

— Armual Renendl - $20

— Brergency Permit - $250

Ecuippment re-inspection is neededevery 3 years
Qperafor training is requiredevery 4 years

Chemigation can be an effective way to spoon-feed your crop the nutrients they need during the growing season, and lower the
risk of nitrate contamination of our groundwater. Be sure to obtain the necessary permit and install the proper equipment if you

plan to utilize your irrigation system for chemigation or fertigation. Fertigation is the process of applying nitrogen through your
irrigation system.



= Little Biue NRDwill doa nitraie waler sanpde
of your darestic or irmrigationwell for free

= Saffwill assist aryone ndonganmare
carpietewaker analysis if needed
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We've seen this map before in the description of the geology of the District. It shows the saturated sands and gravels that make
up the groundwater aquifers of the Little Blue NRD. The presence of groundwater is also evident in the proliferation of deep
irrigation wells, currently numbering 6,635, as shown in the insert at top right. In general, the deep well locations mirror the

presence of a suitable aquifer for effective irrigation. Those areas where the aquifer is less than 10’ or is absent do not lend
themselves for productive irrigation development.
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The Little Blue NRD tracks the impact of the development and groundwater uses on the aquifers through a network of 320
irrigation and other wells that are used for biannual static water measurements. These wells give us a picture of the annual
fluctuations in the water table, from the impacts of seasonal pumping reflected in our fall readings, to the impacts of
groundwater recharge and the ability of the groundwater table to recover through the off season.
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This chart is an ongoing compilation of average spring water table readings which began in 1974. The red line shows a computer
generated trend line for the 40-year period. One can see that this chart shows a little over 7’ of total aquifer decline in the 40
years of NRD static water level records
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Another way of presenting the seasonal groundwater declines verses the seasonal groundwater rises is a bar chart. Declines
which are typically recorded in the fall are depicted as the red bars; rises which are typically recorded after the water table has
had an opportunity to recover, are depicted as the blue bars.



Little Blue Natural Resources District
2014 Observation Wells
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The District’s Groundwater Management Plan lays out a strategy for determining if allocation is warranted based on a well’s total
decline over time (RAD = Reasonable Acceptable Decline) compared to the saturated thickness of the aquifer at that location.
This map depicts the well locations of the District which have experienced their lowest levels of record in 2014, plus those that
have fallen below 50% or 100% of their RAD. In spring 2014, 116 wells were above their Action Level, 197 were below their
Action Level, and 26 were either at 50% or 100% of their Action Level.
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Little Blue Natural Resources Distriet

Dedicated Observation Wells
Locations

The District also maintains a dedicated monitoring well network containing 50 wells, each equipped with a continuous data
logger capable of providing two or more water table readings daily. This network has been invaluable in assessing the impacts of
well pumping, the recovery time of each well and the role that various geologic characteristics play in water availability across
the District.



DedicatedVionitoringW\Ell Data
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These four examples of the type of data gathered from the dedicated monitoring wells across the District. Note some areas,
show little influence from seasonal pumping while others show significant drawdown during pumping. The areas of wide
fluctuations present some challenges from the standpoint of pumpage season well outputs and potential conflicts between
water users.
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Combining some of the information we’ve learned from our Hydrogeologic study and monitoring well network, we can get a much clearer
picture of the challenges that exist in managing our groundwater supplies. The well log on the left reveals some interesting profile facts.
First, note that the drawdown in this well is nearly 35’ during pumping as reported by the well driller when it was originally constructed.
Some of the drawdown is due to the clay lens that exists in the profile. Also of note is that the total thickness of clay lens in this profile is
about 40’, all which exists below the water table. Therefore, nearly 30% of saturated profile would have a much lower capacity to deliver
water to the well. The hydrograph on the right shows the actual seasonal drawdown of the well is nearly 45 feet. The well has rebounded
after the irrigation season, but those levels have been slightly lower each spring.
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As our regional aquifers are being tapped more and more with high-capacity wells and the acreage being developed for irrigation
continues to increase each year, the conflicts between water users, particularly in the fringe areas of the aquifer and in those
areas of deep seasonal drawdown are present have prompted the NRD board to initiate additional regulations.
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The Hydrogeologic Study conducted for the District identified those areas of the District where risks for groundwater
development were the highest. The components that were used to develop this map included the saturated thickness of the
aquifer, transmissivity and specific yield, along with values for estimated annual groundwater recharge and the impacts to the

water table to the drought period of 2000 to 2007. Areas shown in the red have the highest risk for non-productive wells and
conflicts between groundwater users.
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Little Blue Natural Resources District
Permanent Stay on High Capacity Water Wells
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Because of ongoing declines in a portion of the District and the impacts of well development in the fringe areas of the District’s
aquifers, the LBNRD Board also has imposed a permanent stay on the construction of new high-capacity water wells. The areas
highlighted on this map are those which make up an isolated paleovalley in southern Thayer and Jefferson Counties and those

areas of the District identified as having an aquifer of less than 10’ of thickness.
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District's VWater Venagarent Plan
o Foaus onV\aier Use Efficiency

= With high daemands onour aguifer's water
suply, business as usLAl is Not anoption

» NRDBoard expects all landonvners to
evaiuaie theirmanagarent strategies and

Foproac
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Curmrent Grounrndnaier Rules

Rowmeters are reguired onall high capaditywells. “High capadty’
noe.

— Anearptionwas given o livesiodonells

Rownmeiermust be inst@liation in the govenmmeant quarter section
by the daie spedified belon

NE/zof eachsection by Decarier 31, 2004
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ImicgationV\Hlis & Acres Cartification

= All imigationwelis will be identified, registeredwith the DNRandneters certified
= All imigated acresimust be certified by Decariber 31, 2015
— Assessor recorts used, pius FSA, acerial mgps, DINRdaia or other infommationwill be used
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= All goundnaier transiers off of the overlying
landmusst be approved by the District

. Tmsfersaer:tdlcmedbtmdsw&nta
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\ary HichRisk Req iations

* Pamits for lands in “‘Very Hoh Risk’ areas
rrlstnmtma:;jhrsmed‘&)(trmjm
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L T

+ Limitof 1 well / 80 acres in “Vary Hgh Risk’ areas

= High capacity wells in the “Very High Risk’” areas would have to be at least 1,250
framother high capacity wells

- V\Eils musst be placed at least 500 feet of any registered damesticwell.

= W\ais within 1 mile of municipal wells may have additional conditions imposecdl
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s or Trois

= Districtwide Operaior Iirigation and Fertilizer Traning is requiredwith renenals
evaydyeas.

In order that all operators in the District understand the current conditions of our natural resources, the rules and regulations of
the Board of Directors and ways that we can work together to maintain our soil and water resources most effectively, District-
wide operator training will be required beginning in 2015 for all operators, whether irrigated or dryland producers. Training will
be required every four years, however on-line training is available for any operator who has previously physically attended one of

the NRD’s training events.
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Summary Thoughts

» W\& began this presentation by stating that
an understanding of the aqguifer; its
characteristics, its vulnerability and its
limitations help us assess the impacts of
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- Weall canplayaparti ishi
| ,_ in accarydishing that
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Natural Resources
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Protecting Lives = Protecting Property = Protecting the Future

. Irrigation & Nitrogen
Management

User Exhacason Corafication Program
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