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INTRODUCTION

As required by Nebraska Revised Statute #46--673.01 (Cum. Supp., 1984),
the Lewis and Clark Natural Resources District has prepared this groundwater
management plan based on the best currently available information.

The format for this plan follows the 'Handbook on Preparation of
Groundwater Management Plan'' distributed by the University of Nebraska
Lincoln, Conservation and Survey Division, November 19, 1984. The District
has attempted to assemble technical information specific to its area in
accordance with statute requirements. Based on that data, the directors have
determined policy relating to future management actions for the groundwater
goals and objectives of the District. Public input was sought throughout the
process by media publicity, task force committee meetings, discussion at
NRD Board meetings, and an advertised public meeting on the Groundwater Plan.

By the general nature of the information available, this report is not
intended as a specific reference for individual situations occuring within
the District. Rather it is intended as a concise basic document indicating
the status of groundwater in the area and stating in general terms what
policy goals and objectives should be considered in managing that resource.

This information was compiled by NRD Manager Tom Moser and prepared by

Administrative Secretary Marilyn Schumacher. Following is a list of the
Board of Directors.

LEWIS AND CLARK NRD DIRECTORS

Eugene Schroeder William Walton
James Wortmann Lawrence Zavadil
Allen Heine : John Thoene Jr.
Doﬁ Hart Mark Fehringer
Ray Dykeman John Fleming
Randall Patefield Milo Johnson

Lou E. Benscoter Richard Grosvenor
Dale Jackson Harold George

Roman Kramer
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TECHNICAL ASPECTS OF GROUNDWATER
IN THE LEWIS AND CLARK NATURAL RESOURCES DISTRICT

This section of the plan includes a review of known facts and circum-
stances relating to groundwater vesources of the Lewlis and Clark NRD.
Following are descriptions of the groundwater reservolr, other water in the
management area and water uses. Certain references will be given throughout
the document and further information can be obtained by consulting those
publications. This information has been condensed to pertain specifically to
the Lewis and Clark NRD.

DESCRIPTION OF GROUNDWATER RESERVOIR I. Geographic and Stratigraphic

= L " . e - o~
] . - 3 t g . A

Dimensions

A groundwater reservolr is an aquifer or combination of aquifers being
used as a source of water. An aquifer is defined as a water—bearing layer
of rock or sediment capable of yielding supplies of water. Groundwater
reservoirs need to be described geographically to define the extent of
surface area covering a reservolr and stratigraphically to give a vertical
indication of thickness and composition of the unit.

In order to give an accurate picture of geology for the District (Knox,
Cedar, and Dixon Counties), the history of the area needs to be reviewed from
the depths up to the surface material. (ref IANR Educational Clrcular #6)
The oldest subsurface rock in the region is Pre-Cambrian age found at the
shallowest depth at about 900 feet below land surface in northeastern Dixon
County. Since it last saw the light of day 600 million years ago, the
Pre—Cambrian rock of the midcontinent of North America has been covered by
sea many times. Left behind are the marine and stream deposited formations
that make up the bedrock part of our complex aquifer system. (Map 1:
"T1llustrated Geology Cross Section' and Table 1: USGS #81-58).

Of these marine and stream deposits laid down in Paleozoic and Mesozoic
times, only the upper water bearing Cretaceous formations are sufficiently
water-rich and near the ground surface to be of cencern and interest as
aquifers of the lewis and Clark Natural Resources bistrict. The lowest
formation penetrated by wells is the Dakota Group Sandstcne, which was
deposited in a shallow sea and ad jacent coastal plain that connected the Gulf
of Mexico to the Arctic Ocean and separated the continent. Above it is the
Graneros Shale, a succession of mud layers carried by wind and streams
draining from the continent to the east, and then the Greenhorn Limestone
which contains more Calcareous deposits derived from algae and shell
structures from marine organisms. Above this is the Carlile Shale which
thins out from west to east in the District and ends in Dixon County. None
of these formations is considered an important source of water for the
District with the exception of the Dakota formation.

The next formation deposited was the Niobrara Formation, a chalky marine
shale which outcrops along Lewls and Clark Lake and extends eastward
throughout most of Cedar County and into Dixon County. Above the Niobrara
Formation is the Pierre Shale (not a source of supply for wells) which
extends under most of Knox County into parts of Cedar County. These bedrock
formations were exposed to weathering and erosion in Tertiary time, 70
million vears ago, when the Missouri River flowed ncrth east across North
Dakota to Hudson Bay and before the glaciers invaded the midwest. At present
The Niobrara and Pierre formations are exposed to some extent in the Missouri
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River Bluffs area from

east to west across the

NRD. Where the Pierre shale

is close to the surface in
areas of northern Knox County,
springs appear and large slumps
have occurred causing massive
land slides and sometimes
moving trees and roads.

Besides being visible on the
Lake shores, the Niobrara
chalk can also be seen in
tilled fields in northern
Cedar County where it shows
through as a yellowish chalky £
subsoil when erosion has taken
topsoil away. Further east in |
Dixon County, the Carlile Shale
and Greenhorn limestone can be
seen at the Missouri River
landing as Ponca State Fark.

Above these formations of
bedrock lie the principal aquifers
of the District which came in with
the Ice Age and are defined
geologically as the 'Pleistocene or Holocene deposits''. They consist of
sand, gravel, till (powderized rock), and younger stream and wind deposits,
and constitute the principal source of water supply to wells. They were
deposited by the glaciers and consisted of great loads of unstratified debris
made up of particles of clay, silt, sand, gravel, and boulders. As the
Wisconsin ice sheet melted, sand and gravels were deposited on and around the
till and much of it was covered by wind deposited loess blown off of bare
uplands and intermittent stream bottoms. Near the mouth of the Niobrara
River, the Missouri River was shifted to its present course, forming a well
developed pattern of drywash tributaries and streams draining the bluffs and
leaving eventually the surface of this present age.

The groundwater areas in the District can broadly be described as
primarily within the Northeast Nebraska glacial drift groundwater region but
extending into the Missouri Valley lowlands. The primary aquifers supplying
water are the sand and gravel deposits of the Pleistocene and Holocene age
and the Dakota and Niobrara sedimentary formations of Cretaceous Age. While
the sand and gravel deposits, when thick, hold water of variable quartity and
quality for all uses, that in the Niobrara is even less reliable because it
is generally less permeable unless in a fractured state. The Dakota is
mostly higher in salinity and would require more careful management by users,
but is used commonly, near the Missouri River as a source for artesian
"flowing' wells.

The base of the principal aquifer in the District is defined as the top
of the consolidated cretacecus bedrock discussed previously and the lower
limit of those water holding materials which comprise the major groundwater
reservolr. In this District the principal or ma jor aquifer consists of the
unconsolidated materials of Plestocene (found throughout the NRD) and
Holocene Age (found usually along streams). The water saturated layer
includes till, silt, and clay which are non water-yielding and sand and
gravel which are water yielding. The Ogallala formation is only present in
thin and eroded areas that disappear eastward across the NRD in parts of
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Knox and Cedar County and is in hydrologic comnection with the Pleistocene.
For purposes of this report, Ogallala sediments will be included with the
principal aquifer. The Niobrara chalky shale is of secondary importance
because it is a good supply only in the upper layers where fractures allow
permeability and where it is near the surface (northern Cedar County). It is
not found extensively in Dixon County and is blocked from recharge in Knox
County by the Pierre Shale. The Dakota can best be described as the aquifer
of last resort, but in northeastern Dixon County is the only scurce available
when shallower aquifers are lacking.

II. Transmissivity and Saturated Thickness

By comparing configurations of the aquifer base with average water
tables (1979) we can arrive at a map showing thickness of the principal
Pleistocene-Holocene aquifer (map #2). Although the map shows the thickness
in contour intervals of 100 feet, there is enough information to generalize
on depth of the aquifer. It is interesting to note that the entire
Missouri bluff area running the full length of the district has an
aquifer that has little or no saturated thickness. - This area extends
southward along the Bazile Creek drainage and the lower Bow Creek drainage
nearly to Hartington. Much of the area beyond that is additionally
restricted as an aquifer because of the presence of fine grained material,

primarily till; but the rest of the District has good potentially saturated
thickness. '

The majority of the principal aquifer is generally composed of both
coarse grained material, primarily sand and gravel, and fire grained material
(£111, silt, and clay) and is up to 100 feet thick. Isclated spots over 100
feet deep are found in Dixon County and the entire area roughly south of a
line from Bloomfield to Hartington where the District has the most
groundwater use and development at present. A spot near Bloomfield and one
near Pleasant Valley show a thickness over 200 feet deep. All these areas
have variable thickness of porous material within the aquifer, and are not
necessarily the areas of greatest availability of water. In northeast
Nebraska, considerable portions of surface soils and the principal aquifer

are fine grained material that yield water slowly and impede the migrations
of groundwater.

The aquifer material and water table slope affect the low transmissivity
or rate at which water is able to move through an aquifer. Movement of
groundwater along a flow line probably is no more than 3 to 4 teet per day
and in total volume has changed little from 100 years ago. Transmissivity
values express the aquifers total permeability in relation to the saturated
thickness and can be used to make estimates of well yield, which are
generally low in this particular area. Groundwater level contours show that

groundwater movement in the district runs generally east or northeast toward
the Missouri River (see Map #3).

The transmissivity map (Map #4) for the District shows a large area
having less than 20,000 gallons per day per foot transmissivity with the
remainder showlng 20,000 to 100,000. Generally those areas with values less
than 20,000 gallons per day per foot are incapable of well yields sufficient
for irrigation. In such areas aquifer transmissivity would seem to limit
groundwater irrigation development potential. Irrigation well development
has substantiated this (Registered Wells Map #5) so that a comparison of
transmissivity with well development shows the limited area with potential
for irrigation from the principal aquifer.

III. Depth to Groudwater Level

The distance from the ground surface to the water level is the depth to
groundwater. This distance varies with season and location across the
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District. A depth to water map by necessity must be very general (Map #6),
but we can determine that in parts of northeastern Knox County and northern
Cedar County we should be able to locate water at less than 50 foot depth in
the Niobrara formation or Holocene sand and gravel deposits along the major
streams and tributaries. Otherwise most water tables are found in the
Pleistocene over a range of 50 to 200 feet deep. An area starting in

the Lindy area and running southeast toward Wausa and into Cedar County has
water tables of over 200 feet below the ground surface (ref Nebraska
Groundwater Atlas, 1981). Throughout eastern Nebraska shallow ""perched water
tables' are common because of less permeable glacial till and these "pockets

of water can cause some shallower wells to have unexpectedly high water levels.

In describing the depth to groundwater for the aquifers of the District
we refer to information from the Crofton Unit Geohydrologic Study, USGS,
1981. 'The Pleistocene and Holocene sand and gravel deposits are thin or
absent in much of the northern parts of the area, but are the source of water
from wells along streams or the Missouri River and also in the area south of
Hartington in Cedar County. Average water levels in the Pleistocene during
1978 ranged from 6 feet to 165 feet while saturated thickness was about 77

feet. Yields from irrigation wells ranged from 550 to 1500 gallons per
minute',

The Niobrara formation underlies much of the District, and is
characterized by a medium bluish-gray chalk or chalky shale that weathers to
dark orange-yellowish. Many of the local people refer to it as ''shale"
because of its color. This formation sometimes yields sufficient good
quality water for irrigation wells especially in Northern Cedar County,
because solution openings and fractures store and transmit groundwater.
Depths to water in the Niobrara wells range from 2 feet to 45 feet in 1978,
in the area covered by the USGS study.

The Dakota formation underlies the shale of the Carlile, Greenhorn, and
Granerous formations. It is composed mostly of fine to coarse grained
yellowish white sandstone with some gray claystone and shale. It has been
developed in scattered locations for domestic and livestock use and wells are
generally very deep. Because of the formations confining pressure however,
water rises to within less than 260 feet of the ground surface and vary to
some free-flowing artesian wells.,

The NRD monltor program measures static water levels twice a year at 30

sites throughout the NRD. Water levels vary from &4 feet to 290 feet in wells

measured across the NRD and average 90 feet. Records kept since 1975
indicate water tables have remained fairly constant in the District. These
measurements are part of a state-wide observation well data collection system
as part of a cooperative program with United States Geological Survey and the
Conservation and Survey Division. (ref. Groundwater Levels in Nebr., 1984).
Selected examples of the well monitor hydrographs provided by U.S. Geological
Survey show water level trends in some wells on Table II.

As stated earlier in this plan, site specific estimation of localized
depth to Groundwater is unreliable due to the presence of local perched water

tables. This plan can only present generalized information about the range
of depths in the District.

IV. Recharge Characteristics and Rates

Aquifers are recharged by precipitation, runoff, and surface water
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infiltration. The factors affecting recharge are depth to groundwater,
precipitation amounts, land slope, soil types, permeability of the subsoil
and storage potential.

Natural recharge takes place through precipitation falling on the land
or percolating through porous soils and valley streambeds, following
concentrated runoff. Well monitor levels indicate that essentially no
recharge results from the Missouri River and likewise, Lewis and Clark Lake
does not contribute to the natural recharge of the District because
groundwater levels slope downhill towards the River.

The Pleistocene and Holocene deposits receive their recharge from
precipitation. Recharge to the Niobrara formation likewise is by percolation
through the overlying permeable material. The glacial till in this part of
Nebraska is of low permeability and in places causes perched water tables
by intercepting some recharge.

On the average, a predictable percentage of annual precipitation becomes
groundwater recharge. Two important variables affecting groundwater recharge
are soil and topography. By comparing the average anmual precipitation (24"
to 26'") with typical topographic regions, an estimate of recharge can be
calculated for the District. The topographic region best classifying this
district is the 'rolling hills' which has a recharge percentage of 1 to 5%.
This would indicate that under average conditions .25 to 1.3 inches or about
an inch or our amnual fainfall acts as recharge in the District. Along the
Missourl River Valley, the ammual recharge activity would be higher because

of the difference in topography. (reference Groundwater Management Plan
Handbook)

The potential for accepting more water into the aquifer is moderate to
excellent with some limits due to underlying glacial till. Although adequate
storage potential is sometimes limited and Iland slope increases runoff
losses, the soil structures and especially sand and gravel materials,
provide generally good permeability for water absorption ranging from 1 inch

per hour in clay soils to 10 inches per hour in loamy sands (ref. USGS paper
#2245)

Because of the soil associations of particular parts of the NRD,
recharge potential would be greater in areas where surface and subsurface
soil is more coarse or sandy. From USGS paper #2222, (Hydrology
Characteristics); those highly permeable soil associations would include:
Bazile-Paka Thurman, Moody-Thurman, O'Neil-Meadin-Jansen,
Simeon-Meadin-Betts, and Thurman—Boelur—Nora (Map #9). Properties of
individual soil types are described in detail in local county soil surveys.
These areas bear watching because they have excessive drainage capability
allowing permeability from 5 to 14 inches per hour and have a high potential
for groundwater pollution by agrichemicals or other contaminents. Other

areas that might be likewise affected are soils developed over weathered
Niobrara formation.

Consideration on Artificial recharge has been discussed in the District
as part of the Crofton Unit Appraisal Report (Bureau of Reclamation 1979).
Recharge from construction of such a project from Lewis and Clark Lake was
estimated at 1,000 acre feet per month, should the project ever be built.
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CHEMICAL STANDARD OR LIMIT
Calcium (mg. per liter)

Magnesium

Sodium

- Potassium
Alkalinity
Sulfate 250

Chloride 250

Silica

Nitrate- 10
Nitrogen

Iron .3

Manganese .05

Selenium Nl

Phosphorus

Fluroide 1.7

TABLE 111
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CHEMICALS OF DISTRICT CONCERN

SIGNIFICANCE

Imparts hardness to water, desirable
with scdium in irrigation
Signiticantly affects hardness,

desirable with sodium in irrigation

May be harmful if on low sodium diet
can be undesirable in irrigation
eventually causes soil swelling and
reduces tillability

Essential in animal nutrition, may
or may not be scluble

Bicarbonate, has capacity to
neutralize acidity

Contributes to salinity in irri-
gation, may have laxative affect

Contributes to salinity in irriga-
tion, causes salty taste in water

Found in sand aquifers, plant
nutrients, contributes to boiler
scale

Health hazard for infants, common
human pollution result

Stains laundry and fixtures, causes
discoloration ard taste

stains laundry and fixtures, causes
discoloraticn and taste

micronutrient, but toxic in
higher concentrations

essential nutrient, not likely toxic

beneficial to teeth in amounts of

o A N —— o i e I

k- —1 b
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V. Groundwater Quality

The Lewis and Clark NRD considers the quality of our groundwater its
most serious concern. Water quality 'standards'' are recommended safe limits
for some chemical constituents and desirable limits for others. Standards
for some constituents differ depending on intended use. Precipitation as it
runs off or percolates into the ground is altered by reaction with mineral
and organic substances in the soil and vegetation to form different
characteristics affecting water quality. The more permeable the soil, the
less the opportunity for chemical reaction and the better the quality of the
Infiltrated water. This report will review the major chemicals found in the
groundwater reservoir, safe levels and significance for each, and indicate
the concerns that need be addressed.

Most groundwater in the principal aquifer is of good to excellent
quality. Generally, water low in chemical content or "total dissolved ,
solids" is suitable for most uses, while very mineralized water is considered
unsuitable for many uses. Amounts of total dissolved solids in this District
run higher than most areas of the state, ranging from 200 to over 1,000 mg/1
(see Map #7). ‘The higher concentrations of greater than 1,000 are mostly found
north of Highway #12. High concentartions of over 500 mg/l can create
salinity problems harmful to irrigated crops. -

The major dissolved solids are calcium, magnesium, sodium, potassium,
bicarbonite or alkalinity, sulfate, chloride, and silica. This plan will

‘also include nitrate, boron, iron, manganese, selenium, phosphorus, and.

fluoride.

Table IIT is a list of chemical properties of concern in the District
(ref. USGS #2245).
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The chemicals of chief concern to the NRD and found regularly (ref.
Groundwater Quality Atlas, 1978) are: calcium and magnesium, which affect
hardness, and are generally greater than 360 mg/l throughout most of the
District; sodium plus potassium, which are found in concentartions of over
50 mg/l around Wausa and along the Missouri River Bluff areas; and iron
and manganese, usually found concurrently and considered nontoxic but
ob jectionable.

Within the District, known isolated point source pollution problems
have arisen near Center (hydrocarbons) and near Hartington (chloride) (ref.
Nebraska Water Quality Strategy, 1985).

The sodium hazard of irrigation waters is indicated by the Sodium
Absorption Ratio (SAR). The SAR indicates the extent to which irrigation
water will replace absorbed calcium and magnesium on soil and clay
particles with sodium. Sodium absorption causes soil swelling and reduces
tillability, eventually rendering soils unfit for crop production. Water
with an 8AR of less than 10 units is classified as low sodium hazard.

Such water is suitable for irrigation on almost all soils and crops except
very sodium-sensitive ones. For all groundwater in the central NRD, the
sodium hazard is minimal. (ref. USGS 81-58).

Also of growing serious concern is groundwater contaminated with
nitrate-nitrogen cccuring at scattered locations throughout the District,
Because of the hazardous side effects of methemoglobinemia, a blood
disorder in infants, water having more than 10 mg/l of nitrate-nitrogen is
considered a serious threat to rural and municipal supplies. The effects
of nitrate-nitrogen on livestock is also of concern, although water
containing less than 100 parts per million is normally safe (ref. Crowley
Research Paper #80-2026). Contamination of groundwater is usually the
result of the leaching of livestock or human wastes, fertilizer, or other

‘agriculture chemicals.

To complicate this problem, records of testing done by the Department
of Health to show the exact location where nitrate problems have occurred
in the District are not publicly available, for reasons of privacy, tc the
individual well owners tested. General results from the testing does
indicate nitrate presence, however. 1984 saw 63 samples tested in Cedar
County with 28 having concentrations over 10 mg/l, Knox County had 89
samples tested with 38 having high concentrations, and Dixon County had 10
samples out of 19 that showed high nitrate. This data is inconclusive
because it merly indicates sample results and cannot be separated out for
the NRD, for types of wells or number of samples from the same well.
Unverified reports of individual problems, are mostly found where the
aquifer is being more utilized for irrigation and groundwater development
in southern Cedar County and southeast Knox County. Reports have also

come however, from the Lindy area and isoclated farm wells at various
locations.,

Water tables have risen in past years in many places, causing a
mixing of groundwater with contaminated recharge water that has affected

shallower wells. Because concentrations vary widely with several factors, -

the present data does not allow us to portray zones of nitrate in
groundwater, Attention needs to be given to prevention measures and:
better identirication of existing problem areas, because methods to get
rid of nitrates involve expensive and sometimes ineffective treatment or
locating an alternate supply source. Results of the Hall County Report on
Nitrates and Irrigation Managment show that with intensive irrigation




BG~T8# SOSMw=834N08

0e1 58" 0L2°T 97 089 075 A S 67 ¥ 0Lg 00T'T 879 o181 58 60-80-8,  TQOG0S-IT-NES
071 v AR ] 0's 0z . S S8 1 44 62 061 085 0°L 01€ ‘1 sgT  L0-80-84 TQDOZE-AT-MZS
06T m o't 79 018 " P9 T ¢ 82 9z 08t pos‘t 979 0%0°z 00T  (Z-10-8L TODD@ZZ-AI-NT$
09z TANENNN ) ¥ A0 SR A 0L6 9. T &2 6% 0z 005°T  6°9 0L6°T 00T  80-80-8,  TOAET-TI-NZE
08 (70 't L2 059 05 &' z 8t 61 08¢ 000't  L°9 059°1 0T  50-80-8.  THIGK-HI-NIE
| s11s0dop SUSI0ISTATd PUe UCTIEWIOY BIBIQOIN 943 Ya0q molIl J93EM
021 T A Tz 0+t 67 ot S 1z £2 56 05 6°9 S69 86 97-£0-8.  TAVEV¥-MI-NIE
09 AN 174 4 0z 76 ste 5§74 g 12 14 001 0sg  S°L 684 8 9z-,0-8,  T9H9E-IT-NIE
e oQnt L0 €S 5L £ ¥'S ¥ 8T 1z 6 0z Tl 159 00T  T0-80-8. TEDASZ-IT-NIE
0L FA N 1 4 19 e S°L £ 1 12 05 01 €L 619 00T  Zz0-80-§L TVWOTZ-HT-NIt
05 ST SR 8z 00t 89%  S°P T £9 ot g 06 2L ot LL £0-80-8L  TVOVOS-T2-NTE
001 L1t 268 L'8 ozl vy 079 v 61 61 091 o8y 0L 6.8 (8 20-80-9. TAMEZZ-AZ-NIE
02 67' 85S¢ 3 4 5 8/ ¢£°8 v 81 €z 6 pgE €L b0 SOT  Z0-80-§{  TEDEVT-TT-NOE
uoTiEmiod BIBIQOTN SU3 WOIF ISIEM , ’
05¢ 9T 0TI ¢} 059 022 T 6 a9 24 ovZ 08, €L 0z¥'t 006  60-80-8L  TOVALZ-MZ-NEE
0p1 e 08T ar 069 961 A SR A 4] 144 097 (1} B 0951 SIS £z-L0-8L  T0E0E-FZ-NEE
obt W o0ge'T S 069 1z A -3 65 " 097 028 vt 095°1 op,  60-80-8L  IDOST-MZ-MIE
001 ist o1zt 3] 059 081 6T L’ 47 A 0¥? 0L §°L 01s‘1T 897 LZ-L0-8L  TOA¥Z-IZ-NIE
01T 0 0zE'T 55 054 €8 3T 8 15 rA 1174 0L £°L 0191 0zs  77-80-8L TOEDZT-UZ-NIE
oty op'n  085'T 85 0S¢, 997 7 02 05T T 1} 44 0L €L 09.° 1 028  60-80-8, THACET-ATI-NIE
UOTIEUWIC] BIOME( afl unIY I3leM
W= () (D e (y se (8 se' sotqum
@ se /30 Cosse Com O T omm (s (Nt s (om (o™ (ae03)
paAtes  T/BW) g 7/8m) 1/3m) ooue

T/30)  POAIOS o poares VED 5% oontes  Goiw VR s VA omm) omp Mot
PIATOS -STp E.:,. .t ~s1p pPoATOS 1/2u) _stp -dxos POATOS -51p paatos  1/30) : 109 3o ardues Joqun
.|mud .mQ”T,Nmz mﬁ_unmm.n .uﬁ.mh ] -STp  9IRUOQ e -pe . -STp s -STp ssou pd >3t yadep 3o e3m] oM
uo10g -oﬂ(mﬁz ‘spr1og  -OTWD SIBFINS IO _ 0o, TMEPOS CUNTROS _ppy mroTe) -pIey adg  TEOL

20

g/61 “1o1em punosd yo L1TTEND TEOTWS)--

AT IT9VL

(20117 19d swerSoromw = T/BH ‘a91TT ad swesSriTIn - /3u fsTISTS) sesidap g7 1T JIISUTIUID Iod soymOISTE = SOUMmM}




21

85~T18# YOSn~=d24nog

0Tt g7 0uL 0t 01s ¥ 06 5* Lz FAY 00z 0£9 12 12 0l SR 60-80-8L  TEDDOT-MI-NSE
071 60" 78 95 0tz soF  £°g v €z 6¢€ 08T 019 £ 0IT'T 5% LZ-L0-8.  T099:I-T-NS§
06T v 106 71 ovs - zg§ A 1 § £g 6% 0Lt 0g9 LA 858°T &2 80-80-8, TVOGIT-AT-Ng¢
01 Tz Ll ot 0ig 80S  ¥°s T 44 9 0.1 099 €L 02T 59 80-80-8.  TMO¥E-HZ-N§§
o1t £ St9 12 0zT 5% 86 LT 8¢ 43 68 0zs T¢L 046 59 60-80-8L  TVOVBT-MZ-Nzg
0 05 S0z 9z T vz 9'v 5" £7 5Z 0zt 00t L +68 7z 9Z-L0-8L THEIVOZ-MI-NZ§
06T 80" 926 1 0st 95t 86 £ LT 81 062 008 L9 LT s¢ €7-80-8Z  TOOEP-MI-NZ§
00 6L 6L s 0Tg ¥Ie 874 g i1 0z 00z 085S Z°L 0L0°T €2 7I-80-9.  TEVAYT-3T-NZ§
0z £6 I AN vz 9z 12 o FAN £T 8L 0sz ¢4 605 00T  80-80-8.  TDD8-JI-NZS
00g ¥6 0.E°C L9 00T‘T  L29 A SN Ls 0L 095 0021 L'9 0287 00T  T0-80-8L ZOVdZS-37-NZ§
nRg £T" oF'T £'w oL L &€ g 97 19 08¢ 00Z°T L' 0T16°T 59 10-80-8L  IVGze-Tz-NIg
0§ €z st St 0.9 Z¢ 1'% g bz iz 098 000°T  8°9 0S9°T 5§ 80-80-8, TH0867-IZ-N7t
05 7't 088 gL ogg 6Ty 0T L 8% 9y 0.1 019 0L 06T°T.  0ZT  60-80-8. TEDSCI-MZ-NIS
ot 20 {4 €9 65 S L vs . s¢ 0z Zz 6 0ze 8¢ L99 08 9z-10-8,  TQUOST-MI-NTS
0T §'T  zzL £p 0Lz L6¥ A SR 7T r43 0oz 0g9 'L S9T°T ¢ Z7-80-8.  1DAZ-IZ-NIS
04T FAN 616 1 0L8 ¢ VA G- 81 8¢ 012 089 I'L 06¢°T 09 22-80-8.  TO0OT-4Z-NIg
001 9T ot i 00T 0sg ST+ 97 Lz 56 0s¢ vz 102 LT T0-80-8.  TM@DL-TT-NOE
09 s'¢ o8¢ 52 99 918 6°F 5 6T 12 8 00% 14 zz9 88T  9Z-£0-8L  TWWV.LZ-H7-NOS
09 8z 15 0's 01t 122 8% P 61 57 00T 05% raf £08 LT £0-BO-8L  TOOWZT-4Z-NOT
oL 6°2  S¥y 22 01t 0z 9°¢ ¥ 61 sz 96 ove 2L 659 LIT T0-80-8.  TODID8-HZ-NOS
0% 6°S  £8% vz S ™ 0'9 ¥ §T T 18 082 £°L 685 0ST  ZZ-30-8¢ Tagde-9Z-Nog
ng 6t 675 2'z ¢ ozz 8'f g9* 9z 24 ] 0¥s €4 6L6 69T  L0-80-8.  TGQVES-E-NOS
09 s osp g¥ 01T e 09 to 81 9z 0Tt 08% A §5¢ S6T  9Z-L0-8,  TJDDDE-47-N6z
s31sodap susd0Toy JO AUIDOISTITd WOXF 51l
WEE (8 (s £ . (1 se (8 se ¢ (soqun)

(@ se /3w ("os =2 (“om oT1B1I (BN SE (e3 se  (*oped (3s23)

! pRATOS /8 E/Bur) 1/ 3ur) aoue

1/8n)  peatoes SIp**y poatos /3 S8 poaros 93 T/3e) poatos W3 S8 (syram) 330 TIam
POATOS -sTp 0 - e = paATos T/ 8m) s -dios PoATOS s PoATOS T/3u) y w0 Jo a1dues 1aqumnu
-stp  “SoneZgy 08T o ST owmq S e gy s o T pd : mdsp o e3eg TToM
“Uoxog oy STPISel il ‘9IBFING  -IEDTq mts mIpog  “umitp s .Eﬁuw.mu -PLEY 31D 11031

-oxqry SPYIOS  -oTWD T o-seig ) -oudgy -adg

PIMIITINCT--g/6T ‘Iaiem puncad Jo Arrenb TeoTwsy)--*p oTqEL

PINUTIUCD —

AT ITIVLI




1014.1SIQ $304N0S3Y Iv¥NLYN
AMVIO B8 SIM3T |

123r0dd ¥3alvm VNN |
~ XONX -dva3d

»

m.“..\\tm..\..._.fn\ ..u.btxﬂplilrwulrﬂﬂ%k.\lrtnd .- m
.”. 5 L 1] i
ﬂ .

P R R

02 NOIMNYA .

W SR

24




o : b

(ref. MP-42). However, probability of receiving a trace or less every
two weeks during that same growing season period ranges from 5% May 1st,
to 0% around June 1st, up to 29% in mid September (MP-10). These
variations tell us that groundwater used for agriculture will be in most
demand during the months of July, August, and September and that: rainfall
probability decreases steadily after June 1st.

VII. Surface Water

Because surface water is a possible source of supply to supplement
groundwater, it must be considered in the management plan. The major
surface water source in the District is the Missouri River. The
Department of Water Resources has gaging stations on the river as well as
the two main tributary streams in the District, the Bazile Creek in Knox

County and Bow Creek in Cedar County (Ref. Water Resources Data, Nebraska).

Because the Gavins Point Dam makes annual adjustments based on flood
control and navigation needs, discharge amounts vary. Average river flow
taken downstream at the station on the Meridian Bridge was 25,000 cfs for
calendar year 1981. Average flow in the same period for Bazile Creek
taken at the station on Highway #12 was 36.5 cfs per year. While Bow
Creek records indicate 26.4 cfs per year was at the station on Highway

#12, which would probably be insignificant for -supplementing groundwater
supplies.

The Tewis and Clark Lake above Gavins Point Dam is the largest source
of surface supply in, or adjoining, the state of Nebraska. In the Crofton

Unit Appraisal Report, 1979, the Bureau of Reclamation stated that average

amnual flow through the Lake was 26,000 cfs over the last 40 years or
about 18.9 million acre-feet per year. An irrigation project from the
lake would be feasible and economically justified, according to the
reference. The lake itself covers 32,000 acres. Quality of the water is
good to excellent and the District presently uses this source as a supply
for the Cedar-Knox Rural Water Project. Annual project consumption since
its start in 1981 has run about 55 to 60 million gallons per year, with
expansion treatment capability in place for providing up to 140 million
gallons per year. Although ample supply is available, financial limits of

potential users may prevent further expansion of service. (see rural
water district map #8)

VIIL. Supplemental Sources

Supplemental sources of water are amounts added to the existing
supply to make up for insufficient quantities. Examples would be surface
water, which was covered in the previous Section VII or water brought from
a distant or deeper aquifer.

In the Natural Resources Commission's Supplemental Water Supplies
Policy Issues Study, mention is made of the off stream storage :
capabilities that were components of the Crofton Unit Report. Structures
for storing 74,300 acre feet in West Bow Creek and 78,500 acre feet on
Pear]l Creek were considered in one alternative of that plan by the Bureau
of Reclamation. The study also mentions the Bazile Creek again,
indicating an annual supply available of 48,690 acre feet, but adds that
the stream had gone dry near the mouth during drought years, an occurence
affecting nearly all streams in the District.
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Both the Natural Resources Commission and the Bureau of Reclamation
indicated that capacity for increasing irrigation development is present
in the District by making use of supplemer.=al water supplies. rlowever,
economic factors at present have put constraiinws on such development,
although future considerations may differ. The Missouri River really is
the only major source of supplemental supply since the District has only
streams and no rivers to utilize. Locally, this fact was recogrized in
the Cedar County Comprehensive Water and Sewer Plan, 1969, which suggested
county wide rural water systems for farm and community domestic use
because of the difficulty finding good supplies of groundwater for all
purposes. :

IX. Existing Groundwater Uses.

An inventory of existing use needs to be reviewed to determine what
the present demand is on groundwater.

The Natural Resources Commission in Groundwater Reservoir Management,
1982, has some positive things to say on that subject; 'the principal
aquifer in portions of Nebraska has quantitlies of groundwater in storage
that appear to exceed use-demands over any forseeable period." In this
portion of Nebraska, most of the District in 1979 showed that armual
recharge from precipitation exceeded the level of irrigation usage. Under
realistic projections of development, there is a'high potential for
utilization without a major impact on the aquifer. FEven partial
depletion, if anticipated, need not have a significant impact over more
than a local area.

Groundwater stored in the principal aquifer is part of an active
hydrologic system. Subsurface flow within the aquifer is usually too slow
to move into withdrawal areas so that recharge is by precipitation. Under
natural conditions the recharge .and discharge balance. Withdrawal by
pumping results in a combination of decrease in storage, increase in
recharge, and decrease in discharge. This means the acutal amount
withdrawn will not usually result in a corresponding loss in volume of the
amount in storage. In other words, unless use develops to an unforseeable
high amount, recharge from precipitation should balance withdrawals and
discharge over most of the district over the long term.

By far the greatest use of groundwater in the District is for
irrigation. In 1985, there were 479 irrigation wells registered, 26
mmicipal, and 4 industry in the Lewis and Clark NRD. Land suitability for
irrigation is high in most areas, but much of the aquifer is fine grained
and provides only low yields of groundwater so that irrigation is not
extensive and confined to areas where groundwater is more available and
can be found in quantity. Most irrigation in the District is utilized
through center pivot systems. In 1984, there were 330 pivots in the Lewis
and Clark NRD.

The SCS prepared Multi-Year Plan provides an indication of potential
irrigation development. Their figures show over 58,000 acres irrigated in
1985 or 6% of the total cropland acres. That has the ‘potential to
increase to 126,000 acres (14%) in 20 years or a maximum of 286,916 acres
(31%) that could be irrigated. Other factors such as economics and water
availability will affect whether such development takes place.

The available amounts of groundwater as discussed earlier is variable
in the District. In "Availability and Use of Water, 1975", Conservation

“ph——— i —— .



and Survey #48, mention 1s made that in subregion #3, which includes the
Lewis ard Clark NRD as well as the other Missouri Tributaries region,
there is about 13,000,000 acre feet in storage which if averaged out for
depth, would equal about 6.91 feet of water. In this district, however,
(49% of sub #3) the amount of acre feet present in the aquifer is
estimated to be about 6,300,000 and the depth in feet ranges from less
than 4 feet along the Missouri Bluffs area to 20 to 40 feet in parts of
south central Knox County and south western Cedar County. Since some
measure of groundwater use is required for this plan, some of the
Information from this reference will be interpolated to provide an
estimate of use.

The same source listed above described 1975 usage at 54,300 acre feet
for subregion #3 (Missouri Tributary subregion) which i1s about 9 times
greater than the amount of surface water used for irrigation. There were.
215 irrigation wells drilled in Lewis and Clark NRD through 1975, most
used on center pivot systems. From percentage .calculations for the NRD,
we can estimate in 1975 that about 70,000 to 80,000 acre feet.(1.2%) left
the District through natural discharge to evapotransportation and streams,
and an estimated 35,000 (.5%) acre feet was actually used for irrigation,
public supplies, livestock, and rural domestic use for a total use or loss
of about 110,000 acre feet. Again estimating the figure of 6,300,000 acre
feet (approx.) as the total storage, there was only about 1.7% that was
used or lost annually. Comparing this use to the recharge rate discussed
earlier of 1" per year over the 933,660 acres of the District would give
us an average recharge per year of 75,000 acre feet (1.2%), or twice more
than the amount used under average conditions, and about equal to the
total amount !lost to use and natural discharge. Based on this estimation,
this would tell us that in 1975 recharge and discharge were about equal
and only about .5% of the aquifer was used. It is interesting to note
here that we effectively use each year something less than half of what is
lost through natural discharge.

Water use has likely increased since 1975, however, a comparison of
mmicipal water use alone in the District from 1979 to 1980 showed an
Increase from 673 million gallons to 784 million. Even the irrigation
wells have more than doubled since 1975. Well monitor records kept by
the NRD however, do not indicate that increase has depleted any of the

supply.

In determining where water gets used in the District, a breakdown of

the 35,000 acre feet per year shows that irrigation uses about 26,800 acre

feet (77%), rural domestic and livestock, 6,400 acre feet (18%), and
public supplies 1,800 acre feet (5%). This give us an indication of the
types of use, the magnitude, and amount (ref: Conservation and Survey
#48). The only coordinated use from a different source is the Cedar Knox
Rural Water project which supplies treated surface water for rural
domestic, livestock, and public use and provides supplemental amounts of
17 acre feet per year.

X. Subirrigation

Subirrigation is the process by which growing plants obtain water
from saturated subsoils, resulting from high water tables. In reviewing
U.S. Corps of Engineers Wetland Atlas, there are small areas of marsh and
riparian wetlands, usually adjoining the Missouri River or its tributary
streams, but there are essentially no significant subirrigated areas in
the District to merit consideration for this plan.
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TABLE VI

AVERAGE. EXPECTED CROP WALER USES IN NORTHEAST NEBRASKA
(CROP USE VALUES IN INCHES/WEEK)

WEEK DATE ALFALFA CORN SOYBEANS
1 41 - 7 0.65 - -
2 418 - 14 0.85 - -
3 4/15 - 22 1.00 - -
4 4/23 - 28 1.00 ~ -
5 4/29 - 5/5 1.05 - -
6 5/6 - 12 1.10 - -
7 5/13 « 10 1.30 0.80 -
8 5/20 - 26 1.35 0.90 -
9 5/27 - 6/2° 1.40 1.05 0.30
10 6/3 - 9 1.50 1.55 0.35
11 6/10 - 16 1.55 1.55 0.45
12 6/17 - 23 1.60 1.60 0.65
13 6/24 - 30 1.65 1.85 1.00
14 7/1 - 7 1.70 1.90 1.40
15 7/8 ~ 14 1.75 2.00 1.85
16 7/15 - 21 1.70 1.85 1.75
17 7/22 ~ 28 1.65 1.70 1.70
18 7/29 - 8/4 1.50 1.40 1.25
19 8/5 - 11 1.45 1.40 1.20
20 8/12 - 18 1.50 1.45 1.25
21 8/19 - 25 1.45 1.40 1.05
22 8/26 - 9/1 1.40 1.10 0.60
23 9/2 - 8 1.20 0.75 0.40 ||
24 9/9 - 15 1.15 0.60 0.20
25 9/16 — 22 1.05 0.35 -
26 9/23 - 29 1.00 0.25 -
27 9/30 - 10/6 0.80 - -
28 10/7 - 13 0.75 - -

Note: A killing frost will effectively stop crop water use for the season.

These figures represent averages, their accuracy for a particular week are
not guaranteed, these are guide lines (see scheduling method). Crop water use can
vary by variety, plant population, and weather. Soil moisture monitoring of some
kind is recommended. ‘

?

A
:
:

Allow for some losses in irrigation efficiency. _
Source — University of Nebraska

!



XI. Crop Water Needs

In attempting to analyze the groundwater needed by crops, many
variables enter in the determination. The average length of the frost free
period is 162 days (April 29 - October 8). Besides climate discussed
earlier, "growing degree days'' provide information pertaining to how
temperature affects the ability of crops to grow and consequently the
water needed.

Growing Degree Days is another way to say that "a certain mumber of
days' over 50 degrees Fahrenheit temperature (40 degrees F for cats) are
needed to grow most crops. The number of days plus the number of degrees
over 50 degrees each day accounts for that mumber; which for 90 day corn
is 2200 GDD and for 120 day corn is 2800 GDD in Cedar County. The mumber
of GDD for this district between average dates of 32 degree days in spring
and fall ranges from 2700 in central Knox County to 3000 in eastern Dixon
County. This tells us that the temperature is cooler and growth rates
slightly slower from east to west in the District and Nebraska as well.
In other words the crop water need is ''slightly less as one goes west",
and the resulting need for groundwater is greater in eastern areas of the
District.

Other methods were used to determine crop water needs. The Nebraska
Irrigation Guide, SCS, indicates the net irrigation needed to raise corn
and sorghum 10 out of 20 years. In the Lewis and Clark NRD 10 to 11
inches were necessary for a maximun corn crop in that time period while
sorghum took about 9 inches. A Water Requirement Study of the North Loup
Division alsoc gave some indications on crop irrigation requirements or
amounts above precipitation needed for a full crop. Crop water use does
vary with the crop and soil type. Sandy solls for instance require more
water than heavier scils. The average water extraction depths for
different crops are alfalfa, 8 feet; corn, 6 feet; and small grains, 4
feet. Table VI gives an intéresting average of cropwater use in inches
per week.

Because irrigation use is not extensive in the District, crop water
use is not a subject that carries much significance to this plan.

XII. Fconomic Value of Existing Groundwater Uses

The Groundwater Management Plan Act requires a determination of the
economic value for uses of groundwater, but there is little information to
base that determination on. As discussed earlier, existing uses include
lrrigation 77%, rural domestic and livestock, 18%, and municipal, 5%.

Since irrigation comprises a major portion of the groundwater use, it
needs to be considered for its economic value. The Crofton Unit Appraisal
1979, researched this in its economic analysis based on local farm budgets
and thelr net income. Comparisons were made on variations with and
without irrigation to calculate benefits, and projections made to the year
2020. Since corn is the principal irrigated crop, the report figures
showed 1971 variations in yield for Cedar County from dryland at 47
bushels per acre to irrigated at 98 bushels per acre. The year 2020
showed variations in yield for Cedar County from dryland at 70 bushels per
acre to irrigated at 175 bushels per acre. Without going into the details
here on prices paid and received as well. as production costs, the report
indicated an irrigation benefit of $164 per acre on irrigated compared to
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dryland.

For irrigation use, other comparisons can be inferred frem the
Estimated Crop and Livestock Production Costs EC 84-872. The availability
of groundwater that could be utilized for irrigating corn made possible
expected yields in Northeast Nebraska of 130 bushels per acre, compared to
similar tests on dry land with expected yields of 75 bushels per acre.

A similar comparison for irrigated soybeans at 45 bushels per acre with
dryland at 30 bushels per acre. These results indicate that irrigation
has a significant impact on yields in Northeast Nebraska. Of course,
production costs need to be considered on this but generally speaking the
use of irrigation results in a higher economic value for groundwater than

dryland agriculture. The price of land is also enhanced by the availability

of irrigation.

Assigning values to rural domestic, livestock, and municipal uses of
water is more difficult. Comparisons from the District's Rural Water
Project shows what treated surface water is worth to users of the project
who desire rural water pipeline services where available, to avoid the use
of groundwater in the areas where quality sources are a problem. 1985
rate shcedules have minimms of $20.00 for the first 1000 gallons charged
monthly and bulk rates are $1.25 per 1000 gallons. The average user of
11,500 gallons per month pays $44.00 ($530/year). This would indicate the
economic value of quality water over non~-quality water if comparisons
could be made with private well installation and maintenance costs,

Published information is of little use in calculating economic values
for most uses of groundwater in the District because there arc 80 many
circumstances affecting each user. It is very difficult to place a dollar
value on water when a municipality, for example, finds a quality problem
in its source. Different alternatives must be examined for each situation
to determine a course of action. Generally stated aquifer limits on water

availability restrict any exonomic value for development of groundwater in
the NRD.

XIIT. Coordinated Uses from-Different Supply Sources

The Cedar Knox Rural Water Project is one example of the use of
treated surface water to supplemerit poor quality groundwater. Users on
the system in many cases combine the supplies to improve their overall
quality to the economic degree they can best afford. The town of Crofton
uses treated surface water as it can afford in conjunctive use with its
minicipal wells. Farmers use treated water for household use and well
water for livestock in many cases. The project although insignificant in
quantity impact on the groundwater use of the District, nevertheless
illustrates the fact that where there is a need ard a financial interest,

coordinated uses can be developed to the benefit of the District when
dedicated efforts are put forth.

The Crofton Unit Appraisal Report in 1979 represented an effort to
consider irrigation possibilities from Lewis and Clark Lake into Knox and
Cedar Counties. The report resulted from successive dry years that sparked
a demand for a study by the Bureau of Reclamation; but by the time the
positive results were presented, proponent interest had dwindled and
opposition rose, giving little support for the project. It is generally
recognized in the District that conjunctive use of surface water for

irrigation will not be a viable need until economic factors show commodity
prices will off set the expenses.
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No other integrated uses of surface water with groundwater has been
contemplated to the knowledge of the District. The importance here is to
note that quality groundwater is a prime commodity, and that in its
absence where interest is sincere and local involvement active, coordinated
use can be very effective and beneficial.

XIV. Conservation of Groundwater

Because of the topography of the area, the NRD is convinced that
conservation practices play a major role in reducing groundwater
application needs and reduction of surface erosion problems resulting from
groundwater runoff. It continues to provide a mumber of programs
available to help landowners make more practical use of groundwater by
means of reduced run off, management alternatives, increased precipitation
recharge, and erosion control measures. With the technical assistance of
SCS, the NRD offers the Habitat. Program, Cost Share payments on terraces
and dams through Nebraska Soil and Water Conservation Program and local
funds, tree planting and grass drill services, conservation tillage test
plots, and watershed erosion and flood control dams. Although estimates
of the magnitude of groundwatetr saved would not be possible, the amount
could significantly affect the resources. \

When discussing conservation of groundwater, the main concern is to
use best managment practices on the land so as to minimize the amount of
groundwater required for irrigation or make the best use of water on the
soil surface to reduce quality problems from leaching. Best management
practices are solutions used to accomplish these means. They include:
conservation tillage which utilizes different tillage means to keep at
least 20 to 30% crop residue on the soil surface after planting to
conserve moisture and reduce soil erosion from rainfall; contour faming
decreases runoff by creating furrows around tather than up and down hills
crop rotation and strip cropping with small grain or cover crops create
diversity in the ground cover and act as vegetative filters to remove
sediment and slow runoff; terraces reduce erosion by breaking up the long
slepes into several short sections to reduce the speed ard amount of
runoff, while grass waterways provide for controlled release of that water
along natural drainage ways; ponds and dams actually stop and release the
flow of water and can act as a major source of groundwater recharge for an
immediate area. These practices used alone or in some combination are
considered the most practical and effective methods to maintain water
quality and conserve our groundwater resource (ref. Neb. Guide #G82-586).
Along with them, such practices as irrigation scheduling, soil testing,
and proper storage and handling of fertilizer contribute to improved
corditions to preserve groundwater quality.

SUMMARY: A REVIEW OF ASSETS

The Lewis and Clark NRD has a complex groundwater reservoir that
forces the technical focus of this plan to be very general. Any specific
descriptions would require new studies and investigations. Generally
speaking the NRD has a variable groundwater resource, limited by geologic
factors as well as some quality factors, but with an estimated storage of
6,300,000 acre feet which should still provide a dependable source in most
areas. Because the aquifer is absent or very thin and transimissivity is




limited, groundwater stored is not easily located or withdrawn, resulting
in wells with low yields.

To begin with the reservoir itself, the principal aquiter is the
Pleistocene and Holocene deposits which are found across the District.
Of secondary concern because of limited availability is the Niobrara
formation; and because of depth and water quality the Dakota formation.
Information on depth of the primary aquifer shows that it ranges from
0-200 feet. Transmissivity or flow rate limits irrigation development
(groundwater movement tends to move east-northeast Coward the Missouri
River). Depth to groundwater itself is usually in the range of 50 to 2(0)
feet with exceptions both ways. Static levels have remained constant
indicating no immediate threat to groundwater quantities. Recharge comes
through precipitation and based on average estimates, amounts to an inch
or less per year, even though soil structures could usually handle more.

Groundwater quality is the Districts most serious concern. Most of
it is good to excellent, but not always low in total dissolved solids.
Calcium and magnesium along with iron and manganese are found often and
associated with hardn2ss but are considered more a ruisance than a health
hazard. Likewise, sodium can cause some irrigation management problems
and diet concernses Of a more serious nature is nitrate-nitrogen which
usually results from leaching into water tables affecting primarily
domestic wells., Prevention is emphasized to avoid expensive relocation or
treatment of existing contaminated supplies. Drilling deeper wells to
avoid nitrate contamination is not always a practical solution. As is
apparently the case in the Creighton area, isolated cases of groundwater
pollution are increasing. Generally, areas in the northern part of the
District appear to be more susceptable to point-source problems and the

southern part to non-point source problems because of the aquifer
characteristics.

A review of other water resources in the area show that rainfall
probabilities during the growing season of crops decreases steadily after
June 1st. Surface water supplies exist in insignificant amounts from
Bazile Creek and Bow Creck but in majoramounts from the Missouri River
and Lewis and Clark Lake. the Cedar Knox Rural Water Project makes use of
this source for a domestic supply system using 17 acre feet per year.

The Crofton Unit Appraisal Report (Bur. of Reclamation, 1979) considered
irrigation a feasible and econcmic possibility that could also be used for
artificial recharge or a supplemental source. Utilization of the Lewis
and Clark Lake will not be a viable need until economic factors and local
interests support it.

Groundwater use as determined by Conservation and Survey Paper #48,
1975, shows that on an ammual average we use .5% (35,000 acre feet) and
lose to natural discharge about 1.2% (70~80,000 acre feet) of our total
growdwater in storage. During the same time it gets recharged about 1.2%
(75,000) acre feet. Groundwater monitor records however, indicated no
apparent reduction in water tables since 1975, so that the average loss
figure qualifies as insignificant because recharge and discharge usually
balance each other out in this area. Most of the groundwater used goes to
irrigation use (77%) with rural and livestock next (18%) and municipal
last (5%). Subirrigation is not a factor and little information is
available on crop water needs. FEconomic values of existing users are
highly variable and not available in terms of making substantial
statements here. Conservation of groundwater has been and remains a
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serious effort of the NRD which makes available various programs to
encourage practical use and management alternatives.

Collectively speaking then, the Lewis and Clark NRD has geologically
limited groundwater quantities available. Irrigation growth where
practical has presently peaked and well measurements indicate water levels
are not dropping. While rainfall still limits crop production from year
to year, economic justification for bringing in supplemental supplies does
not appear to merit doing so. The information available indicates that
groundwater quantity is generally stable, that future development of the
supply will require a significant economic need, and that maintenance of
groundwater quantities can be accomplished by continued static-level
monitoring of the resource.

Groundwater quality does appear to be a growing problem however.
Most groundwater sources are naturally high in total dissolved solids and
hardness. Because it would be difficult to enforce more strict standards,
the District needs to follow Federal or State acceptable limits on
chemicals of concern. At present the most serious inorganic chemical
threatening groundwater users in the District is Nitrate-Nitrogen. More
information 1s necessary to determine the frequency and scope of its
presence, while still keeping in mind the financial and staffing
limitations of the District.
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POLICY CONSIDERATIONS ON GROUNDWATER
RESERVOIR LIFE GOALS

NRD policy needs to be reviewed and considered to decide on a future
course of action for the management of groundwater in the District. Those
decisions shall be based on the technical information available and need
to identify specific groundwater management policies. Among those policy
requirements are developing objectives, including a groundwater .eservoir
life goal, and setting management area boundaries. In addition, proposed
controls or program options along with their impacts need to be considered.

Since the statutes require a groundwater reservoir life goal for
maintenance of the supply of water, the NRD must set a period of time that
it hopes to be able to obtain water from the reservoir. Because specific
data for the District is unavailable to set a specific time, that goal
must be generalized as follows: To preserve and maintain the natural
quality and quantity of groundwater an indefinite period of time for the
sustained use of the resource. In other words the NRD would expect to be
able to obtain water from the reservoir consecutively for indefinite
years. Technical information from this report reflects this status and no
dramatic changes are foreseen.

A review of that information indicates that the District does not
have an immediate problem in the future on water quantity although
maintenance by static level well momitoring shall continue. The quality
however, does merit attention and cause for increased planning efforts.

The areas of concern from a possible management area basis for
consideration, is where soil associations with excessive drainage coincide
with concentrated irrigation use and the aquifer is being more utilized.
Potential management areas as shown on Map 10 can be roughly described as
areas which have the most potential for water quality problems in the
present and future because of possible leaching of groundwater contaminents.
Outside of the area quality problems are generally thought to be less

likely and limited to isolated locations or individual source contaminations.

Having set a goal for the reservoir, management objectives neced to be
developed to sustain that goal. Objectives are specific statements about
the metheds to maintain or improve the reservoir situation. They can take
the form of data collection processes, program options, or controls.
Examples of the types of objectives considered to meet the goal are:
monitoring of quality and quantity, water conservation programs,
conjunctive use management, and groundwater management and control areas.
Along with the objectives, the impacts and affected results on the goal
need to be considered. Social, economic, physical, financial,

institutional, or environmental factors all play a role in determining

the best methed in achieving the goal,

REVIEW OF POTENTIAL OBJECTIVES

Several references were consulted for recommendations on management
objectives. Recognizing future problems in water quality for this NRD
that may develop, aspects need to be considered to evaluate which
objectives would be most effective in meeting the need. Following are
several of those possible solutions:
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I. The Hall County Water Quality Report, 1984, reviews a response to a
groundwater quality problem of the accumulation of nitrate-nitrogen. To
confront that problem the Hall County project set the following objectives:

1. Impede the leaching of nitrates from fertilizer into the aquifer.
2. Remove existing nitrates through irrigationm.

3. Demonstrate efficient management of nitrogen with irrigation.

4. Develop practices for application elsewhere in Nebraska.

The effort to implement these objectives was accomplished through
cost-share incentives, individual consultation, group educational
meetings, newsletters, field demonstrations, and yield checks. The lead
agency in this case was Agricultural Stabilization and Conservation
Service. Two full time specialists and seasonal employees were hired over
apparently a four year period to work on the project which showed positive
results. It demonstrated that irrigation scheduling and water measurement
are useful tools for improving irrigation management without loss of
yields, and limiting leaching of nitrates into the groundwater. The
Central Platte NRD is carrying out education on these procedures in its
District by using demonstration areas.

II. Nebraska EC 81-2400 "Living with Nitrates' explains in common terms,
the nitrogen cycle, leaching hazards, and the affects on ffod, livestock,
and domestic supplies. It indicates nitrate contamination most often
occurs from leaching and that on irrigated soils the control of excess
fertilizer or excess water will reduce the amount of nitrate contamination.
Once present in a water system, nitrate can be partially removed by three
methods; Distillation (boiling of water and collecting the steam), Reverse
Osmosis (pressurized filter process to remove impurities), and Deionization
(electronically charped removal). All of these methods are expensive in
one form or another and involve a certain degree of techmnical capability.
The need should be definitely established by checking with professional
consultants. Other alternatives to nitrate removal are relocation or
deepening of wells, or using pure bottled water.

III. A review of the Policy Issue Study on Groundwater Reservoir
Management, 1982, indicates that the NRDs principal aquifer can provide
moderately large supplies of water but usually of limited areal extent.
Small areas of decline can be expected, however, many are seasonal and
could respond quickly to variations in amount of withdrawal. This
indicates best management objective by amalysis of local conditions.

The Policy Issue Study provides an excellent review of potential
techniques for groundwater management. It explains that a variety of
objectives could be utilized to achieve our goal, but to be effective the
techniques must function within the capabilities of the resource and
consider the stress or impact resulting from development.

If potential restriction of groundwater development is thought: a
necessary objective to maintain or extend aquifer life, the following
management actions could be taken:

1. Reduce irrigation water need by improving efficiency.




2. Reduce irrigation water need by improving crop water use
efficiency.

3. Reduce irrigation water need through improved conservation practices.

4, Reduce groundwater development based on water supply criteria.

5. Reduce groundwater development based on geographic and environmental
criteria.

6. Reduce groundwater withdrawals to prolong supplies and reduce
environmental impacts.

All of the above actions can be elaborated on by methods to encourage
or require irrigators to adopt practices that will help the situation or
to not develop wells that will cause problems. Research, demonstration,
financial incentives or disincentives, and legislation or administrative
action are tools that could be used to accomplish these management actions.

IV.  Another Policy Issue Study on Municipal Water Needs, 1983, suggests
several alternatives for problems relating to municipal water systems.
Most of the recommendations involved legislative statutory changes or
state wide alternatives. Although some might be encouraged by the NRD,
they are not being considered as local objectives.

V. A research paper entitled '"Nitrate Pollution of Groundwater in Nebraska
and Policy Options to Address It'' by Linda Willman, 1984, was reviewed for
possible recommendations for water quality maintenance. Among the major
points made in the study were the following:

1. Irrigation and fertilizer management are interdependent and
should be mutually cooperative efforts...including an accounting for all
sources of nitrogen available to the crop.

2. Factors affecting nitrate leaching include; depth to water table,
soil permeability, seasonal rainfall, organic matter, microbial activity,
fertilizer and irrigation practices, and crop uptake of nutrients.

3.  The potential for nitrate leaching below the plant root zone is
especially high in spring and fall precipitation periods...(more so too on
sandy soils)

4. Soil testing and utilizing residual soil nitrogen is a key factor
in effective nitrogen management.

5. Point source pollution has generally been related to septic
tanks, feedlot rnmoff, and fertilizer spillage.

6.  Proper well location and conmstruction are critical in reducing
the risk of nitrate contamination.

7. As groundwater nitrate contamination is documented with regard to
point or non-point sources, feasible efforts to control leaching will need
to be employed.

8. As the use of nitrogen fertilizer has increased, the practice of




rotating crops with legumes has decreased, which generally contributes to
nitrogen contamination of our drinking water.

9. NRD's across the state must consider regional supply systems or
cooperatives as alternatives for communities with contaminated supplies. .

10. Best management practices should be used with fertilizer and
lrrigation application methods.

VI. Other NRD's in the state are working on programs that provide more
information on water quality to document where and what their problems
are. The Middle Missouri NRD (Walthill) is working on an extensive
quality measurement program primarily through the efforts of their County
Extension Service persormel. The Lower Loup NRD (Ord) publishes an anmual
report on water quality samples taken, one per township, across the bulk
of their District. Their tests include the date, conductivity, pH,
nitrate-nitrogen, alkalinity, chloride, sulfate, and iron. Thé tests are
apparently taken annually at domestic wells with the results analyzed and
provided by the NRD with their own lab equipment.

Other Districts as well do similar testing and special studies to
evaluate groundwater quality information. Concern over liability on
testing results however, makes professional testing more advantageous to
utilize.

VIL. In Overview of Nitrates in Groundwater, NRC, 1983, Remedial Action
for Nitrate Problems are discussed.  Three options considered in the
publication are: using different sources, removing nitrates from the water
supply, and reducing the amount of nitrates entering the groundwater. The
report says that most contamination problems in the eastern part of
Nebraska are localized problems as opposed to a widespread area
contamination. In those local areas contamination usually results from
activity around the wells in the form of poor well construction or point
sources of pollution.

Standards for measurement of nitrate amounts is important and minimum
procedures are suggested. 'Hach Kits'' used presently by scme NRD's.
including Lewis and Clark NRD should not be considered for a high degree
of accuracy and reliability. Remedies in this publication discuss
different means of working with the problem, all of which have been
discussed previously in this plan.

VIII. The Nebraska Groundwater Quality Protection Strategy addresses the
aspect that the state has not been aggressive in protecting its water
quality. As a result, considerable legislation may be required in the
future to protect groundwater supplies from pollution; from chemical and
fuel storage, agriculture chemicals, waste treatment and disposal areas,

improper design, installed or abandoned wells, industrial facilities, and
accidental spills or leaks.

They suggest local Special Project Areas could be designated to
regulate sources of potential contamination and that NRD's could work with
them to develop and implement protection measures.

Their strategy for dealing with future Nitrate contamination issues
includes further reviewing the harmful effects, developing legislation,
regulating fertilizer applicators, registering chemigators, establishing
best management practices and developing monitoring programs.
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IMPLEMENTATION OF OBJECTIVES

While several alrernatives can be considered for a course of action,
the NRD must consider which objectives apply to the local area and what
impacts they might have. Since most of the present groundwater problems
are centered on quality concerns, it is important to establish and
support, with adequate base data, what and where existing quality concerns
are before decisions are made on the proper objectives. The Department of
Health can not provide specific locations of their past testing experiences
so the District shall consider a monitoring system of its own. Once
data is available, education and demonstration programs to encourage
conservation and best management practices should logically follow. The
chart on Table VII gives a progressive indication of the alternatives
considered workable by the District and what their respective impacts
might be. It also outlines the implementation schedule for how those
alternatives shall be utilized and their order of consideration.

The Lewls and Clark NRD has limited capability for implementing ma jor
program changes specifically for groundwater alone. With a valuation
among the smallest in the state and utilizing close to its full levy,
the District cammot expand readily to absorb added program components and
costs. As situations arise a determination needs to be made by the Board
of Directors on the balance necessary to create a program to meet serious
groundwater needs as compared with the costs in tax dollars to protect the
resource. In other words, criteria needs to be set to help directors
decide on how severe a groundwater problem needs to be present before
more expensive objectives are utilized to deal with it. The following
policy shall be utilized for that purpose, according to the objectives
considered:

1, Conflict Resolutions - On-going program, District will attempt to
resolve issues between parties without advocating one cause over the
other. Groundwater is public property, its use should be shared for the
mutual benefits of all concerned. If applicable, rules and regulations of
the Nebraska Groundwater Management Act on improper irrigation runoff or
illegal wells will be used.

2. Legislative Support - On—going program, District will support
legislation that provides local control with the groundwater management
tools necessary to preserve and maintain the resource arnd oppose those
which it feels harms that authority.

3. Expand Monitor Program — Already active in quantity monitoring
program, the District will seek to expand that effort to obtain base data
on quality problems. Domestic well information would support issues of
public concern and irrigation well monitoring would more accurately
indicate area-wide aquifer problems. Location shall be selected based on
potential quality problems and prompt respectable testing will be
necessary to make accurate determinations.

-
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4. Education and Demonstration — On—going program, District will continue
conservation practice emphasis and as specific quality problems are
determined, broaden that effort to educate the public on contamination
concerns, fertilizer management, nitrate utilization, or other issues.

5. Supplemental Supplies — On-going Program, District administers the
Cedar Knox Rural Water System and can expand off that base to serve others
in the District. Criteria necessary to consider a supply system should
be: lack of alternate quality sources to numerous users, consideration of
treatment expenses for using present sources, economic potential for
financing a project and availability of interested and dedicated local
participants.

6. Groundwater Management Area -~ If objectives mentioned previously prove

ineffective or seem unworkable the District will propose a management’ area -

to address irrigation or non-point pollution problems. Since present laws
provide limited capabilities in quality situations, criteria for this
objective will require that problems be shown to affect the aquifer for
more than just a few lsclated users, and there exists a serious pollution
problem that can be corrected with irrigation regulation or fertilizer
management .

7. Groundwater Control. Area - If a management area does not appear to
address groundwater use problems related to irrigation, then a control
area might. Serious non-point pollution occurrences or irrigation
development expanding beyond isolated cases that cause economic hardship
and affect the aquifer in general, are necessary before initiating a
control area. Approval must be made by the Department of Water Resources.

In summary, the Lewis and Clark NRD believes that the technical
information presently available indicates that the District in general
does not have serious groundwater quantity problems. Quality, however,
particularly nitrate-nitrogen is a growing concern and merits increased
moni toring efforts. Hard water is common to the area, but contamination
events appear to be increasing.

The policy of the NRD will be to continue on-going programs to
achieve cur goal to preserve and maintain the natural quality and quantity
of our groundwater resource. In addition, the District intends to expand
its monitor efforts in groundwater quality and to establish an adequate
data base to provide a basis for future decision on the need for
management or control area objectives to achieve our goal. Lastly, the
District will actively strive to address those groundwater problems that
arise in the future by using the tools available to locally administer the
programs necessary to protect our valuable resources.
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PUBLIC INVOLVEMENT ACTIVITY

As part of the planning process, Natural Resource Districts are
required to actively solicit public comment and opinion during the
preparation of a groundwater management plan.

The Lewis and Clark NRD did this by regular newspaper articles across
the district before and during the plaming process to invite comment at
regular monthly meetings where the issue was on the agenda from February
through November, 1985. An advisory task force of locally concerned
citizens was appointed, and met twice during the year to provide
direction. A publicly advertized meeting concerning the groundwater
management plan was held on August 1, 1985 following newspaper publication
and radio amnouncements discussing agenda items.

The task force committee was appointed by the NRD Board of Directors
and consisted of: Lyle Vawser-Cedar County Extension Agent, Jerry
Langhorst - Creighton Mayor, Terry Gompert - Knox County Extension Agent,
Brad Jones — Small Farm Resources Project: Water Policy Specialist, Bruce
Hanson - Conservation and Survey Division, Bill Christiensen - well driller,
Jim Wortmamn - farmer, NRD Director, Dan Pierce — SCS, District
Conservationist, Lou E. Benscoter - farmer, NRD Director, Bill
Pick - irrigator, farmer, and Jess Wolfe - science teacher. They met
Initially on March 12, 1985 to review technical data and direction, and
again on September 20, 1985 to review comments received and provide
recomrnendations on goals, objectives, and policies. Their input was
approved entirely by the NRD planning committee on September 19, 1985 and
incorporated into the plan.

Comments received from the task force as well as the public meeting
August 1st (which had a total attendance of thirteen) were for the most
part worked into the plan., Following review by Department of Water
Resources and the Conservation and Survey Division, their comments were
added as well. The final Groundwater Management Plan was reviewed and
adopted at the November 21, 1985 meeting of the Lewis and Clark NRD Board
of Directors.

Update of the plan will be considered as the need requires it or
when the’'District reviews its official Master Plan.
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