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ABSTRACT

The Bazile Triangle Water Quality Sludy in northeast Nebraska is a cooperative effort inyolving the
Upper Elkhorn, Lower Elkhorn, Lower Niobrara, and Lewis and Clark natural resource districts, and the
Conservation and Survey Division, Unfversity of Nebraska-Lincoln. Groundwater in the study area occurs
in predominantly unconfined waler-bearing units conststing of the Ogallala Group and Plio-P leistocene
sand and gravel. The three general groundwater flow areas in the study area are related to drainage basing
of Yerdigre Creek , Bazile Creek , and the North Fork of the Elkharn River,

One-hundred-seventeen Irrigation wells and 8 domestic wells were sampled from July 24 to Auqust 8,
1989. The NOZ-N content in the domestic wells ranged from 0.66 to 38.6 ppm; only the 38.6 ppm value
exceeded the recommended 10 ppm level, Groundwater samples were obtained from irrigation wells that
were screenad in either the Ogallala Group or Plio~Pleistocene sand and gravel, the principal water -
bearing bydrostratigraphic units; or in a combination of the two principal water-bear ing units, Only 25
percent of the irrigation-well samples had NO3-N values grester than the 10 ppm, the highest value being
25.0 ppm, An additional 45 percent had values that ranged from S (o 10 ppm, whth the majority of these
exceeding 7 ppm, indicating that groundwater probably has been contaminated to varying degrees, Apparent
contamination in the Ogallala appears to e due to direct hydraulic connection with averlying Plio-
Pleistocene sand and gravel , which providss the contaminated water. This relationship suggests that the
Ogallala is still relatively uncontaminated, Contamination in samples where both the Ogallala and the Plio-
Pleistocene sand and gravel are screened is befng derived from Plio~P leistocene sand and gravel.

Glaclal till appears to inhibit vertical migration of contamination as indicated by the assoctation of 0 to
S ppm NO3Z-N values In the vicinity of the ti. The majority of samples with NOZ-N values greater than
10 ppm oceur in the vicknity of local and regional drainage divides, which serve as the dominant net-
recharge areas. A strong relationship between the NOZ-N and C1 concentrations indicates that the source of
groundwater contamination 1s most 1ikely related to fertfiizer appiication practices.

Although there are indications of groundwater contamination, the data presented represent only a
glimpse of the contaminatipn at one moment. More work is required to evaluate short~1erm and seasonal
varations to determine how well the data acquired here represent the degres to which the subsurface has
been contam inated, 1t is necessary to determine the extent of contaminant stratification and whether most
of the contam Ination occurs in a particular unit(s). The susceptibility of recharge areas to contaminat ion
has been suggested, however, in order to protect these areas more delailed knowledge of the hydrogeologlc
system is required,
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INTRODUCTION
Purpase and Scope

Groundwater is one of Nebraska's most precious naturat resources providing potable water to more
than 95 percent of the state's rural population, Groundwater is never pure and always carries dissolved
solids and gases, These dissolved constituents are the result of natural physical and chemical interactions
between water and the biologic and geologic mater fals (soils, rocks etc.) as the water moves from the Jand
surface to subsurface aquifers, Unfortunately, over the past 15 vears, the reported number of incidents of
contaminated groundwater in domestic and municipal supplies has increased sfanificantly,

The most commonly reported type of contamination in Mebraska is nitrate. Nitrate (NO3) s a normal
part of the nitrogen cycle in nature, and Is relatively non-toxic. Although nitrate itseif is relatively
har-mless, nitrate is converted to nitrite within the human body, and nitrite at high Jevels can cause the
blood abnormality, methemoglobinemia (blue baby syndrome), in infants (rarely in older individuals),
and form potentially cancer~causing N-nitrosc compounds (WHO, 1978). Nitrates are common in food
products with vegetables, accounting for 90 percent of daily ingested nitrate, which is about 86 mg NO3
per person per day (White, 1975). Water is consumed in larger amounts than any other food, For this
reason, a high nitrate content in water has a great impact on the total amount of nitrates consumed. The
U.5. Public Health Service and the Worid Health Organization have recommended that dr fnk ing water not
exceed 10 mg/} (ppm)} NOzZ-N {Natfonal Interim Primary Drinking Water Regulations, 1975). Cities in
Nebraska with concentrations that consistently exceed 10 ppm are reguired to supply bottled water to
families with infants and pregnant women.

The Bazile Triangle Grounwater Quality Study was the resuit of growing concern about groundwater
contamination in northeastern Nebraska, which has affected municipal wells in Osmond, Creighton, Royal,
and Orchiord, and the mandate given fo Nebraska's natural resource districts (NRDs) in 1984 by LB 1106
to deveiop policles and programs for the management of groundwater quality and quantity (fig, 1), The
study area centered on the Bazile Creek drainage ares (fig. 2, is located in Township 27 N. and 28 N, of
Antelope and P ferce County and portions of Township 29 N, Range 3W., 4 W., SW., and 6 W. of Knox
County . This study fs unigue in that it involves the cooperation of the Upper Elkhorn, Lower £lkhorn,
Lower Nfobrara, and Lewis and Clark NRDs, along with the Conservalion and Survey Division, University
of Nebraska-Lincoln, Although each of the NRDs have groundwater gual ity monitoring programs of some
sort, none have the resolrces to do a detafled evaluation of the potential contamination in this relatively
small area centered on the Bazile Creek drainage. The purpose of this study is to begin assessing the
nature, extent, and magnitude of nitrate contam inatfon in mafor groundwater -bear Ing units in this area,
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In addition, the study provides basic information on the dissolved substances that ocour in the highest
concentrations in water and ara most likely to affect waler use,

Pravious Work

Avaiiable informatton on the water quality in the Bazile Triangle and, in general, northeastern
Nebraska is scarce. Only six wells had been analyzed in the Triangle prior to 1969, according to the
National Water - Data System operated by the U. 5. Genlogical Survey {USGS),. The only high volume well
(> 100 gallons per minute, gpm) analyzed, a municipal well at Plainview, had a NOz~N valug of 2.1 ppm
in 1958 The other wells tested during this period included four domestic supplies and one stock well,
During 1969 to 1979, an additional eight domestic wells (<0.01 to 9.6 ppm NO3Z-N), two stock welis
(6.4 and 10.4 ppr NO3-N), and two unused irrigation wells (<0.01 and 1.0 ppm NOZ-N) were sampled.
The Plainview municipal well was sampled in 1969 and 1975, yielding values of 3.4 and 3.6 ppm NOZ-N,
respectively,

The increasing concern and speculation about the potential of nitrate contamination in Pierce County
Jed to the sampling of 156 irrigation and municipal wells in 1980, 1981, and 1982 (Hanson, 1983). The
reported NOZ-N values ranged from less than 0.01 10 53,7 ppm. Twenty six of the 135 samples collected
fn 1980 exceeded the public health standard of 10 ppm. Resampling 14 of the 26 wells with high values in
1981 indicated no significant change from 1980 to 1981 (Hanson, 1983). Hanson  1983) compared the
1980 data from 17 samples to those reported previously by the Nebraska Department of Health, USGS. and
the University of Nabraska Cooperative Extension Service. This comparison indicated that NO3-N values
had risen since 1970, but predicting future trends was impossibie due to the small number and the
potential internal variability of the samples.

As part of their mission to protect and manage groundwater , the Upper Elkhorn (UE), Lower Elkhorn
(LE), and Lewis and Clark (LC) NRDs sampled 16 irrigation wells from 1986 to 1988 that were analyzed
try the Nebraska Department of Health, The NO3~-N values ranged from 4.0 to 21.9 ppm. A comparison of
the data from five wells that were sampled at teast twice in the LE and LC portions of the Triangle indicates
that three samples have apparent NOZ~N increases, one has an apparent deorease of 4 ppm, and one had no
change. Domestic and steck well samples tested in the Lower Niobrara (LN} NRD adiacent to the Triangle
during January [988 using a HACH kit indicated values that range from <0.2 to {55 ppm NO3-N. The 155
ppny sampie was taken from a well lacated in the middle of a periodically used barnyard where the potential
for nitrate contamination is extremely high.

During 1985 and 1986, the City of Osmond municipal water system exceeded the 10 ppm NOZ-N Timit
12 of the 23 times It was sampled. The recognition of a problem led to a detalled hydrogeoingic study of the
Jocal groundwater flow system at Osmond, Nebraska (Alix, 1987). This site specific study involved the
installation of 20 shaltow and deep monitoring wells at 10 locatfons in and adjacent to Osmond, Alix



{ 1987 concluded that, in general, the top of the aquifer was contaminated, as 5 of the 10 shallow
monitor ing wells showed evidence of contamination. He suggested that the contam inatfon was enter ing the
city from the northeast and was possibly related 1o agricultural practices (Alix, 1987), Ina follow up to
this study, the LENRD saimpled S6 domestic wells within a 4 mile radius of Osmond. Eighiesn of the 56
wells (32 percent) excesded 8.0 ppm NO3-N; however, 16 of these 18 wells wers localed adjacent 1o
active barnyards or animal confinement buildings. One well (no longer being used) had a MO3-N valug of
222 ppm. This well is located next near the farm house seplic syster. It appears that many of the
contaminalion problems in these rural dorestic supplies are relatsd to point sources.

GEOGRAPHY
Topographic Region

The Bazile Triangle study area consists of three distinct topegraphic regions; These are the "Plains,”
“Dissected Plains,”, and "RotHng Hills™ as described by Dreeszen { 1973), The foilowing descriptions are
from Dreeszen (1973). The Plains region comprises a large part of western and eastern Antelope County,
western Plerce County, and the major ity of Knox County. This area consists of flat~lying land which lies
above valleys and is underiain by stream-deposited silt, clay, and sand and gravel overlain by wind
depostied siIt (loess). The Dissected Plains accur fn Antetope County in the western part of the area
assoclated with the Yerdigree Creek drainage basin (Fig. 2). This region consists of hilly land with
maoderate to stesp slopes, sharp ridge crests, and remnants of the old, nearly level plains. This region
formed as the result of water and wind erosion of old plains. The Rolling Hills region comprises the eastern
part of P lerce County and fs characterized by hilly iand with moderate to steep slopes and rounded ridge
crests. The Rolling Hills consist dominantly of eroded glacial till that fs mantled by loess. The houndary
between the Rolling Hills and Plains regions follows the North Fork of the Elkhorn River, The land-surface
elevation in the study area ranges from about 1,450 to 2, 100 feet above mean sea level. The area is
drained by Bazile Creek, Verdigree Creek, and the Morth Fork of the Elkhorn River and its tributaries (fig.

2)
Soils

30ils in the Triangle can be divided into 10 associations (fig. 3). The five dominant associations are
described as follows (number in parenthesis refers to association on fig. 3):

. Bazile-Paka-Thurman Asseciation (5)-deep, nearly level to gently sloping, well and somewhat
excessively drafned siity, loamy, and sandy soils formed in loess aver lying sandy sediments, weathered
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atttatone, ond eolion sonds on uplond oreas. Absorba most or all of light prooipitation, whioh io rotoined oa
soft mofsture, but produces much runoff when precipitation is heavy. Five to 10 percent of annual
precipitation transmitted to water table { Souders and Shaffer, 1969);

2. Brunswick -Paka-Simeon Association (1 1)-moderately deep, gently sloping to steep, well to
excessively drained, loamy and sandy soils formed in weathered sandstone and siltstone, and sandy
sedimeants en upland areas. Absorbs very 11ttle of moderately heavy and heavy precipitation, so much
runcif is produced. Little or no precipitation transmitied to water table (Souders and Shaffer, 1969);

3. Moody- Bazile-Trent Association (89)~-desp, nearly lavel to gently sloping, well and modarately
well drained, siity sotls formed in loess and outwash sand on uplands terraces, and upland swales. Absorbs
most hght precipitation and heavy precipitation produces significant runoff. Ten to 15 percent of annual
precipitation transmitted to water table (Brogden et al., 1976);

4. Nora-Crofton-Moody Association { 943-deep, gently sloping 1o steep, well and somewhat
excessively drained, silty soils formed in loess on uplands. Absorbs most Hold precipitation and heavy
precipitation produces significant runcff. Ten 1o 15 percent of annual precipitation transmitied to water
table (Brogden et al., 1976);

5. Thurman-Boelus-Nora Association ( 122 )-deep, nearly level to strongly sloping, somewhat
excessively snd well drained, sandy and silty sofls formed in eolian sand, eolian sand over loess, and loess
on uplands. Rapidly absorbs meost or all the precipitation so rarely produces runoff, Probably transmits
2010 25 percent of annual precipitation 1o water table (Souders and Shaffer, 1969).

The proportion of water transmitted to the water 1able (recharge) given abova may be underestimated
by two or three limes { Dreeszen, personal communication) For additioral information on other soil
associations present the reader is referred 1o the Ardelope County and Pierce County soil surveys ( Mahnke
gt al,, 1978; Schulte et al,, 1976).

Climala

The climate in the Bazile Triangle is typical of the interior of Targe continents in midiatitudes, being
normally subhumid, but in exireme years it has been arid to humid ( Souders and Shaffer, 1969; Brogden
etal,, 1976). The following ¢limatic information is summarized from Souders and Shaffer, 1969 amd
Brogden et al., 1976, Average annual precipitation ranges from 23 inches in westersn Antelope County to
26 inches in gastern Pierce County. Average rainfall during the growing season (May through September)
ranges Trom 15 inches in the west 10 17.5 inches in the east. The annual average temperature is near
4377 F with a growing season average of 68.7° F. Wind directions frequently change, and strong winds are
common in early spring and late fall. Occasionally, pastures and crops may be damaged by hot, high
velooity winds during the growing season. These winds associated with high temperatures will contribute
signhificantly to evapotranspiration and reduce the amount of water available to crops and to the subsurface.



Land Use

Data from the U. S, Department of Agrfculture Sofl Conservation Servics (SCS) indicates that 90 to 95
percent of the land in the Bazile Triangle s used for agricuiture, Approximately 85 percent of the land in
Knox and Pierce Countles Is cropland; the remainder befng classified as rangeland or pastureland,
Rangeland and pastureland is more common in Antelope Courty (about 32 percent) whereas nearly 68
percent is cropland. In Knox and Antelope Courties there is approximately equat proporiions of irrigated
and dryiand farming, whereas in Pierce County 40 percent of the cropland is irrigated. Other tand uses
include Teedlols, gravel pits, roads, farmsleads, towns, and forested srass.

Data {rom he 3CS indicates that corn and soybeans accound for at Teast 80 percent of 1he tolal amount
of crop production; small grains (e.qg., 0ats, rya), alfalfa, and forage srops aceount {or the remaining
partion. Anhydrous arminonia is the dominant feriilizer used. Annual apptications vary from S0 10 250 1hs
per acre with typical applications being belween 150 10 200 ths N par aore.

GEOLOGY and HYDROGEOLOGY

Geology

To understand the areal and vertical distribution of water-beartng units in the subsur face and the
distribution and movement of groundwater and chemical contam inants requires an understanding of
geology, The geologic units currently suppling the groundwater for domestic, irrigation, and municipal use
are unconsol fdoted sand and gravel deposits and the semi-consolidoted Ogallala Group (Table 1), The Pierre
Shale of Late Cretaceous age 15 the Jower Himit of dritting for fresh waler in the Triangle, The Niobrars
Formation and Dakota Sandstone, which are older than and underlie the Piarre Shale, are potential sources
for groundwater, but presently are not known to supply water to any wells in the study ares,

The tog of the Pierre Shale was modified by erosion prior to the deposition of the Ogallale sediments.
Contours on top of the Pierre Shale, based on test dritiing by the Conservatior and Survey Division
(Souder-s and Shaffer, 1969; Brogden et al,, 1976, Dreeszen, unpublished data), indicate a series of
southeas!-trending valleys and intervening ridges through Antalope, Pierce and Knox counties; the
maximum relief exceeds 200 feet (fig, da~c). These valleys were formed by tributaries of a major
easterly Nowing river (Brogden et ai., 1976),

The Ogallala Group underties the entire area except fos the northeastern cornar of Antelope County,
nor thwestern corner of Plerce County and an area extending north into Knox County. This group consists of
strata composed of fine to medium silty sand and sandstong, silistone, and sandy and clayey silt, and lesser
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amounts of velcanic ash and diatormite ( Lowton and Hiergesell, 1988, Swinehort and Diffendal, 1989). The
sand 15 dominantly very Tine to fine, but tocally 15 well-sorted, mediurn- to coarse-grained sand and Ting
gravel. In other areas in Nebraska, it has been possible to differentiate the Ogallala Group into thres
formations (e.q., Lugn, 1929; Swinshart et al., 1985%), Voorhies ( 1673} divided the Ogallala Group
exposed along the Middle Branch of Yerdigree Creek, about & miles southeast of Yerdigre, into the Ash
Hollow and Yalentine formations. No allempt has been made to divide the Ogallala Group in formations in
this report because of the tack of outcrop and detailed subsurface infor mation.

The Ogallala Group was deposited between 19 and S million years ago by eastward-flowing streams
carrying sediment primarily derived from the Rocky Mountains, The preserved strata represent complex
episodes of valley erosfon and filling by streams (Diffendal, 1982; Swinehart and Diffendal, 1989). After
deposition of the Ogallala ceased, erosion by later streams created an irregular upper surface. Because of
{this compiex sequence of erosion and deposition, the Ogallala may be absent or may attain thicknesses of
more than 400 feet (fig.4 a-c).

The unconformity (a surface representing a missing interval in the rock record) ereated during post-
Ngallala erosion may represent up to 1.5 miliion yvears (Swinehart and Diffendal, 1989). The next
sediments were river—deposited, fine- {o coarse-grained sand intermixed with fine- o coarse-grainsd
gravel. The age of these deposits is not well constrained, biut their deposition probably ocourred fram the
middie Pifocene into the Pleistocene ( Swinehart and Diffendal, 1989, Swinehart, persona)
communication). Hence, they are referred to as Plio-Pleistocene sand and gravel (Table 1, fig. 4a-c). The
source of the sand and gravel was probably from the Rocky Mountains in Colorado and Wyoming ( Swinehart
and Diffendal, 1989). However, during the late Piiocens into the early Pleistocene streams carrying
runoff from glaciers, moving down from the north, probably can account for some of the sand and gravel
deposits, but no distinction has been attempted. The Plio-Pleistocene deposits are absent locally, but attain
thicknesses that may exceed 150 feet (fig. 4a-c).

Overlying and interbedded with the sand and gravel deposits is a complex sequence of undifferentiated,
tnterbedded fine~ to coarse-grained sand, silty and clayey sand, sandy and clayey silt, and silty clay,
representing material deposited by water and wind during the Quaternary (table 1), Except where
ramaoved by srosion, thess deposits are prasent throughout the area, Till, a glacially deposited mixiure of
tlay, silt, sand, gravel and boulders, ooours in the eastern part of the ares (Tig. 5) and in places may be
more than 250 T kick (Brogden el al., 1976). Wind-depesited silt (loess) blankets the 11 and the Plio-
Pleistocene sand and gravel and may be as much as 75 feel thick in eastern Pierce County ( Brogden el al.,
1976,
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Hydroge10gy

To describe the relationship between geology and the occurrance of groundwater , {he term
“hydrostratigraphic unit” is used, Boundaries of & hydrostratigraphic unit are related to the similarfties
in the water -ytelding character istics of the geologic materal. In the Bazile Triangle, the primary sources
of usable water are the water ~bearing hydrostratigraphic units consisting of Plio-Pleistocene sand and
gravel and the Ogallala Group. These units are part of the “High Plains Aquifer,” which extends from South
Dakota to Texas underlying parts of eight states, as defined by the U.S. Geological Survey (Gutentag snd
Weeks, 1980; Weeks and Gutentag, 1981). This aquifer predominantly consists of the Ogallala Group, but
in most of Nebraska younger and older water-bearing units are hydrautically connected with the Ogallala
Group and are considered to be part of this aguifer, Locally, clay lenses hvdraulically isolate these water-
bearing units into distinct aquifers. The major ity of irrigation wells in the area derive water from the
Plo-Pleistocene sand and gravel; however, where these deposits are thin or absent irrigation wells may
derive all or part of their water from the Ogallale Group. Some domestic and stock wells may obtain water
from local send and gravel intervals within the Quaternary deposits associated with the glacial till,

The water resources in Anteiope and Pierce counties have been described by Souders and Shaffer
( 1969) and Brogden et al, ( 1976), respectively, and the Tollowing discussion fs based on thefr work
except where indicated. The saturated thickness of the of the Plio-Pletstocene and Ogatlala Group deposits
ranges from Jess than 100 feet to more than 400 fest, Depth to walter, based on water leve) measurements
made by the NRDs in the Fall, 1989 on wells sampled in this study, varies from less than 6 feet to more
than 18S feet. The greatest depths to water are assoriated with upland aress, whereas the shallowest depths
are generally in the valleys of principal streams.

Gravity is the principal ferce controlling groundwater movement, in the Triangle, groundwater moves
from upland interstream areas fowards streams and bottonlands. Thus, groundwater flow is principally
controlied by topography {1.e. configuration of the land surface) Indicating that the water -bearing units
are predominantly unconfined (1.e. water anly partly fills the water ~bear ing unit and the water leve! is
free to rise and decline as the amount of watar in the aquifer increases or decreases). The presence of
relatively low permeability clay layers will cause the water -bearing unils to be confined locally (i.e.
water completely Tii1s the water -Dear ing unit and the water level in awell stands of some helght above the
top of this unit). Because of topographic control, the threa distinet drainages in the Triangle (1, 11, 111, fig,
2) also represent three groundwater flow areas, {n areas | and 1, groundwater Nows in a northerly
direction, following the Yerdigre and Bazile Creek, respectively. Inarea [, groundwater flow is east to
southeast, depending on the influence of the local drainage.

The rate at which groundwater moves from the uplands to the discharge areas depends upon the slope of
the water table (hydraulic gradient) and the water transmitting characteristies of the reservoir material



*{0L6T) u22Zs32IQ pPuUR (9/6T1) -Te 2o uepborg woxz eaed -dew sST1Y3l uo usalb AIepunogq pucdaq
Inooc Aew TITIST JO S9Ipog poiRTOosSI  ~ITT13 Terodeib Jo uoringlidsip ajewixoxddy -g ainbia

11 I1301H 4G WDIS3PUn DBD FOW0.ddy = = fu)

0 {1am S1iSaw00

. . 1BADIG PUD BUOS
uoysas mbocab jo ac) ] ¢ 4 & ¢ BUBIO:S 3Bt ~Oes / AROSG B151B5()

¥ v

v v T 7 T 18aDug puo pupg doo:o piojrobn
o3 Apnys ;0 Ascpuneg
= [ ] D 3 [=] ) 19ADIG Dub PUOG FUBIOISIBIY -Oilg
jem unabuy ACAL NOAIISIY

S04 153; LOISING ABAING PUD UONDAIISUOY
X 902=< 00z-rst 08101 00i-1 6 o8-
(wdd) NOILTHINIINOGD N-FON

SihawonNY g . z o

S e s |
SHIN b 2 s} .
Mmed MnE'E ME'H NS E MLy MOy
/J uVaﬁwf i o 2] v s | : ; \ : & ‘ > Avd M
/ i ¢ L = 6 Jm: i /
” S ! Z : ey
M B . Te \LM\ ™ . 8 L { @ ﬁd
L | i e 1/ i &.n , r i :
M L ] Rr ; ;:\IL,J/ AnmsunLg 4 \w, +e® TV w.“
: XY ” i ¥ - HE N i in SR A
- \ w- \\mp. > g N H1/ 5 , siow| - lw,rww. &
\\\\\ I, ST o LN @ » _& ‘ P! g
m by e

73
..}.\ \\\\V\%cosmo\m\m! ,M,w( A\ﬁ%&ﬁm\%x@? xmzsa_q @J.;ﬁ/./k\ |
g , 2 “ . Y
2R 14 . ), -

m \ssxw.bs%,mw _ m © &wm &mw [ ;

o]

LANNQ) Ajudd

-

|
3
|

g e N
/ ,%r)_.x N

¢ o
¢ osnon : A |
o 5

S HI0EY. Y upgavg

< -~
hY

H
N

!

B

o T g
' i
1
\1“\
1
H

|
i
3
1

~ 8z

T
!

|
|

6a



(i.e. hydraulic conductivity). Souders and Shoffer { 1969 ) suggested that in most places in Antelope County
the rate of movement 1s probably less than 1 foot per day, or about 1 mile in 1S years. Chen and Druliner
( 1987) estimated a range of groundwater flow rates in six areas of the High Plains aquifer in Nebraska
from 0.06 to 1.50 feet per day and an average of about 0.38 fest per day (1 mile svery 38 years). Similar
rates are assumed for the Bazile Triangle. Pumping large volumes of water from high capacity irrigation
wells will alter hydraulic gradients near the wells, thereby disturbing groundwater flow patterns and
velocity,

Perched water conditions occur in the areas underlain by glacial till. Water from precipitation or
applied through irrigation moves readily through loess but not through glacial till. As a resuit water
saturates sediments above the til} and a perched water table forms { Dreeszen, personal communication).
Farm weils yielding small quantities of water have been developed in these perched water bodies.
Significant water -Tevel changes ocour between wet and dry seasons; lateral water movement is slow, and
the direction of flow is controlled by the slope of the land surface, as well as by the siope of the buried till
surface (Dreeszen, personal communicatfon).

METHODS
Site Selection and Sampling Techniques

Groundwater samples were collected from 117 irrigation wells and & domestic wells over the period of
July 24 to August 8, 1989, The irrigation wells were selected from a pool of potential wells submitted by
each of the NRDs. Well registrations for each potential site were examined to determine the screened
interval and water -bear Ing hydrostratigraphic unft intersected by the well, This examination resulted in
wells being selected that had screened intervals restricted to either the Ogallala Group or the Plio-
Pleistocene sand and gravel units; and wells that had screened intervals that included both water -bear ing
hydrostratigraphic units, The sampled sites were then selected from the regisirations that had the
appropriate information and provided for the best areal distribution aver the partioular NRD, During the
field sampling, two selected wells were not being pumped because of mechanical difficulties. Two
replacement wells were selected without consulting their well registrations, and it was later apparent that
the necessary wetl information was ot available (see below). Domestic wells were sampled only in Knox
County where two few irrigation wells to assure a broad areal distribution, These domestic wells were
selected to fill gaps where irrigation wells were not available.

Prior to sampling each irrigation well, each cooperator was contacted the evening before sampling fo
determine when the well(s) would be pumping. All wells had been pumped al least 4 hours and typically 8
hours prior to sampling, Site specific dala was collected for each well and from the well registrations (see



appendix A for site~evaluation sheet). fn addition, each cooperator was contacted via mail or phone to
obtaln cropping, fertilizer~use, and pesticide-use historfes, However, numerous cooperators contacted by
mail did not reply to the survey,

A tap or outlet was Jocated as closs as possible to the pump. 1f 8 hose or tube were found connected to
the outlet or tap, they were disconnected to eliminate a potential source of contamination, The tap was
opened and allowed to run at least S minutes prioe to sampiing, Domestic wells were sampled from the
outlet closest to the well after the water had run at least 1S minutes and in a several cases more than 2
hours, This perfod was considered sufficient Lo purge the system of stagnant water and ensure the water
sample represented that in the local aquifer, Site spectfic data was colblected an each domestic well, but
information on the type of water -bear ing unit usually was not available,

Field conductivity was measured using Hanna Instruments 8033 conductivity meter that was
perjodically calibrated with a 1000 umho/em @ 25° C standard solution. Field pH and temperature were
measured using a Fisher Accumet Mini pH meter Model 955 that was calibrated prior to each measurement
using certified pH 7 and pH 10 solutions, Field temperature was measured using a mercury-filled
thermometer, Al measurements were taken using a Thermos cantainer, and then the sample was discarded.,

At each site, two 500 m) polyethylene screwtop sample bottles were thoroughly rinsed and completely
fiiled. One bottle was preserved with 2 m1 of HNO3 for analysis of the major cations (calcium, magnestum,
fron, sodfum, and potassium). The other bottle was Tilled completely as possible with a concerted effort to
aliminate air bubbles. This bollla was used for the analysis of anions (nitrate, sulfste, chloride, and
atkalinity). Samples wara placed on ice and transporied 1o the LENRD office in Norfolk whare they were
refrigerated al aboul 4°C. Upan reaching the LENRD affice alkalinity analyses were perforined by the
author using a standard polentiometric tiration lechnique o a pHof 4.3 10 4.5 (APHA, 1985). The titrant
was 0.04N Hp504 obtained from IME Inc. Although Langrauir ( 197 1) retommends thal the atkalinity
dtarminations be done an-site, Spalding and co-workers (Exner and Spalding, 1979; persona)
coramunication) indicate that no significant error results from the delay. Samples were sent by bus
(Arrow Stage Lings) in three batches in ice-packed conlers 1o Harris Environmertal Technologies \ne.
Lincoin, Nebraska.

Analyticat Technigues and Quality Control

Cations were analyzed by Inductively Coupled Plasma Spectroscopy using EPA Method SW 846 for
metals in water. An EPA 987 check sample was used as a quality contral (QC) monitor. This OC sample was
run at the beginning, after every 10 samples, and at the end of the run. The vatues obtained for the cations
in the OC sample had to be within 15 percent of the given value; otherwise the instrument was recalibrated
and the samples reanalyzed. Anions were analyzed by lon Chromatography using EPA Method 300.0 for
inorganic anions in water. A QC standard was again run at the beginning, end, after every 10 samples, and



at the end of the run. Yalues obtained for the anions in the QC standard had to be within 10 percent of the
glven value; otherwise the instrument was recalibrated and the samples reanalyzed,

Each batch of samples sent to Harris Labs contained one or two blanks of distilled water, and two sets of
duplicates or triplicates were included to monitor the reliahility of the Harris Lab data. The data on the
replicate samples indicated reproducibility within the lab's stated analytical error except in the case of
one iron value, which appeared to be due to some unknown source of contamination. Ten, 20, and S0 ppm
standards of NOZ-N were included in each batch of samples to ensure the accuracy of the NOx-N data, The
results for these standard samples were within 4 percent of the given value. An additional check of the data
quality included the examination of the cation-anion charge balance in each sample. Natural waters are
electrically neutral; therefore, the abundance of the posttively charged cations should be equivalent to the
abundance of negatively charged anions. This relationship between anions and cations can be presented as a
percentage of the difference between the fons of different charges and is referred to as the analysis of
error. The analysis of error for each of the batches is as follows: Batch 1, 40 samples from the LENRD,
hiad cation-anfon balances all Jess than +5.0 percent, except for four values, the highest of which was
+1.6 percent, and an overal} average of +4.0 percent; Bateh 2, S0 samples from UENRD, had s range of
values from -11.0 percent to + 7.7 percent, with an average of +4.5 percent. Satch 3, 35 samples from
the LCNRD and LNNRD, had a range of values from +4,1 percent to +26.3 percant, with an average,
excluding the unexplainably high 26.3 percent, of 7.3 percent. The mafor ity of the balances are pesitive
indicating an underestimation of the anions, which s attributed to errars in the alkalinity measurements,
These errors are attributed to the use of the 0,04N sulfuric acid titrant whose normality (NY was not
precisely known. Overall, the errors fn the catfon-anion balances are well within the lab's analytical
error, tndicating acceptable data.

RESULTS

Appendix B contains the data coflected on the 125 wells sampled. The data are reported in parts per
mittion Cppm), which is equivalent to milligrams per liter {mg/1), Figures 2, 3, and S fllustrate the
distribution of sample locations with respect to drainage basins, soil associations, and occurrence of
glacial till. The results have been divided according to domestic (n = &) versus irrigation wells (n =
117). The irrigation wells are subdivided according to the type of water - Bearing unit from which the
water was der fved. These include: the Ogallala Group {n = 20), the Flio-Pleistocene sand snd gravel (n =
61), and a combination of the (gallala/Plio-P leistocene units (n = 34). Two samples, BT-21-UE and BT-
28-L€, are from unregistered wells, but are assumed to be from the Ogatlala and Plio-Fleistocene water -
bearing units, respectively. However, they are not included in the following discussions bocause the type of
water -bearing unit cannot be definitely identified,

T



Domestic Wells

The fundamenta) puroose of this study was to address the nature and exient of groundwater
contamination in the major water-bearing units. The general Jack of information sbout domestic wells
(e.q. screened interval, material screened, depth (o waler, ele.) does not allow for the assessment of the
hydrostratigraphic unit from which water is being derived. In addition, confamination in domestic wells is
typically correlated to a point source (Exner and Spalding ( 1985); LENRD, unpubtished data) which
inhibits their usefulness in assessing nonpoint source contam fnation.

The NOZ-N content ranged from 0.66 (o 38.6 ppm; anly the 38.6 value exceeded the recommended 10
ppm level, The 38.6 ppm value is associated with the highest C (33,8 pomy) and 504 (172.9 ppm) values
in the area, This contaminations is almost certainly due to point souree contamination considering that the
well is in the middle of an intermittently used barnyvard. The well has not been used for domestic purposes
for- al least 2 years. Of the remaining wells, the highest NOZ-N value i5 6.7 ppm with an average of 3.8

ppm. The remaining chemical constiluents have concentrations within the range found in natural waters
(tahie 2). The total hardness ranges fram §83 1o S82 ppm Cal0w, indicating very hard water (table 2},

irrigation Wells

Plio-Plefstocane Hydrostratigraphic Unit

Yhe water from the Plo-Pleistossne sand and gravel unit iz of the caleium-bicarbonate type and
exhibits a relatively narrow range in the peapor tion af the cations, caleium (Cay, magnesium (M),
sodium (Maj, and potassium (K3 (flg 6AY. There fs more variation n the proportion of the anfons,
bicarbonate {HO0% ), nt?atacmi).w fale (S0a), and chloride (C1), which {s pr amar*ﬂyaﬂsnnimn af
the variable amounts of NOZ in the groundwaier (fig, 6AY The range in the values for Na (6.7 10 24,4
pom;ave = 159 ppm), K (3.4 00 7.7 pomy ave, = 5.1 ppm), and Mg (6.6 1o 24.2 ppm: ave, = 13,9 ppm)
are typical of the ranges found in natural waters (table 2 Engherq, 1984). Cacentents, which account for
the major ity of the hardness of the watar in the areas, average 8422 16,0 ppm and rangs from 53.0 0
123.9 ppm; the highest values wers Tound in Plerce and Knox counties associated with areas of glacial ti
The total hardness values range from 160 to 404 ppm CaC0s, averaging 265 apm indicating this water is
very hard, fron concentrations are all less than 0.0 1 ppm, except for one sample that has a value of .05
ppm.

The dominant anion is HCO%, Hranges from 138 {0 368 pomy and averages 262 ppm. Chloride values
range from Q.71 10 5.7 ppm (ave. = 2.2 ppm ) and S04 values rangs from 4.9 (0 75.2 ppm (ave. = 24.9
apm), all of which are ir the range of natural concentrations (lable 23, Mitrste-nilregen contents range



Tahle 2
Concentration Range of Chemical Constituenis
in Natural Water*

Lonstituents Range (ppm)

Sodiurn 0-50

Potassium 0-10

Calcium 10-100
Magresium 0-200

Chloride 0-30

Sulfate 0-100

Total Hardnass 0-60 “soft”

61-120  “moderalely hard"
121-180  “hard”
»1581 “very hard"

* Data from Davis and Dewiast, 1966; Driscoll, 1986
Engberg and Spalding, 1978
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Figure 6. Summary of the chemical composition of the principal
groundwater units. See appendix B for data.
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from looo than 0.02 to 25.0 opm with an averoge value of 8.6 ppm. Soventy—two porcent of the walls {(n -
44) have less than the recommended 10 ppm level (Tig. 7). Only 13 percent (n = 8) exceed 1S ppm, and
removal of these values results in an overall average NOZ~N content of 6.8 ppm. Fifty percent of the

samples fall within the range of 5 to 10 ppm.

Ooallala Hydrostratigeaphic Unit

The water Trom the Ogaliala is of the calcium-bicarbonate type, The cation proportions cccur within a
restricted range and the anians have more var fable proportions than {hat abserved in the water -bear ing
units in the Pli-Pleistocene sand and gravel (fig, 6B, This similarity is not surprising considering that
their Hithologic composition is nearly the same and that a good hydraulic connection exists, except where
separated by localized clay Tenses { Souders and Shaffer, 1969 Bentall et al., 1971 Brogden et al.,
F976). The absolute concentrations of the chemical constituents in water from the Ogatiala and the
Pleistocene sand and gravel are distinctly different, except for & and €1, The average concentrations for the
other constituents are distinctly less in waters from the Ogallala than thase in the Plio-Pleistocens sand
and gravel. Calcium averages 61,3 ppm with a range of 38 to 94 ppm; Mg averages 8.8 ppm with a rangs
0f 3.9 to 17.2 ppm; K averages 5.2 ppm with a range of 3.6 to 7.6 ppm; Na averages 8.7 pem with 3 range
of 9.6 10 17.4 ppm; Ol averages 1.4 ppm with a range of <0.02 to 4,1 ppm; and S04 averages 9.3 pom with
arangeof 1.7 to 33.6 ppm; HOO3 averages 197 ppm with a range of 122 to 317 ppm. The total hardness
of the water ranges from 114 to 305 ppm CaC03 indicating the water varies from hard to very hard (lable
2). These values are consistent with those reported by Engberg ( 1984),

The NO3-N content of the Ogallala ranges from 0.35 to 15.4 ppm averaging 6.0 ppm, Seventy percent
(n = 14) of the values are less than the recommended 10 ppm level with only one value exceeding 15 ppm
{fig &), Fifty-five pereant (n = 11) of the samples have values less than 6.0 ppm,

Combrined Ogallala/Plic-Pleistocene Hydrostratigraphic Unit

The water from this reservoir is of the calcium-bicarbonate type as would be expected from he
results presented for the individual water-bearing units (fig. €0). The concentrations of the inoividual
constituents shouid be intermediate, on average, between the two end member units, because these samples
represent a mixing of water from the two individual units. This is in fact the case for five of the eight
constituents; the exceptions are C1, K, and NO3~N. Calcium averages 71.8; Mg averages 10.8 ppm, Na
averages 10.6 ppm; 304 averages 17 4 ppm; and HOOZ averages 219 pom. Hardness values are also
intermediate with an average of 224 ppm CaC03, but the range, 106 to 419 ppm a0z, Is more exireme,

Nitrate-mitrogen values range from 0.98 to 25.4 ppm, averaging 9.6 ppm, Seventy-six percent {ny =
26) of the NOZ-N values are Jess than the recommended 10 ppm leve!l whereas only 18 percent (rn=6)of
the values exceed 15 ppm (fig, ). A sfgnificant numbes of samples (n = 20 59 percent) fall within the S
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to 10 ppm range, as was the case with the Piio-Pleistocene sand and gravel unit (fig. 7), end contrasting
with the NOz-N distribution in the Ogailata.

DISCUSSION
General Waler Chemistry

Water quality is the result of the physical, chemical, and biological interactions between water and the
material with which it comes into contact, The groundwater in the Bazile Triangis is hard to very hard. In
general, the concentrations of the chemical constituents are within the range of those ohserved in natural
water from other areas in Nebraska (Engberg and Spalding, 1978, Engberg, 1984), Yarfations in
concentration, within a particular reservoir and between reservairs, are to be expected because of local
and regional variations in the composition of the material with which the water has interacted. For
example, water from the Plio-Pleistocene send and grave! fn Pierce and Knox counties generally has
higher Ca and Mg contents than 11s counterpart in Antelope County, primarily because the water has
interacted with giacial titt that contains an abundant supply of these elements (appendix B). Glacial til)
also containg an abundant supply of suifate (Bartall et al., 1971, Engberg and Spalding, 1978, Engberg,
1984) thal contributes to the distinclly higher concenirations in the eastern and northeastern parts of the
Triangle relative to those in Anteiope County. The concentrations of the individual naturatly coourring
constituents inany of the water-bearing unils are primarity controlled by mineral solubitity and
chemical equilibriurm, These natural abundancas, however , can be maodified by the introduction of
chemticals into the system via human activities. This results in cortamination of the groundwater. The
rematnder of this report will discuss contamination and emphasize the NOz-N problem.

Nitrate-Nitrogen Contarmination

A variety of sources provide NO3-N to groundwater, Natural processes, which include bacterial
actlvity and the growth of certain plants, remove nitrogen from the air and fix it in the modern soils, This
fixed nitrogen occurs in a variety of forms that can be oxidized to nitrate by bacterial activity. This
naturatly produced nitrate can potentially reach the groundwaler. Human-inguced or human-made sources
of nftrate include fertitizers, barnyards and feediote, septic systems, and range animal waste,

H we are to assess the extent to which groundwater has been contaminated by human activity, we must
know the concentrations of the naturally produced NO3 ( background level) prior to contamination.
However, assessment of the background levels is very difficult. It is commonly assumed that NOz-N
background levels of Nebraska's groundwater are no more than 1 ppm (Exner and Spalding, 1979,



Dresszen, personal communication), Water from observation wells on the Gudmundsen Ranch in the Sand
Hills have NOZ-N values from 1-3 ppm in the Ogallala Group af depths greater than 100 feet that cannot
be attributed to cultivation or frrigation activity and are probably due to buried soll harizons within the
Ogallala (Goeke, personal communication). Heaton et al, { 1983) indicated the possibility that confined
aquifers on the arid westarn margin of the Khalahari Desert of southern Africa may have had Initial NOZ-N
concentrations, prior to denttrification, ranging from 6.9 to 22.0 ppm. This nitrate was probably
gener-ated within the soil of the recharge area by batterial activity { Hzaton et al., 1983). These studies, in
addition to tha report on the potential availibility and leaching of gealogic nitrate from loess daposits 1o the
groundwater {Boyes el al,, 1976), suggest that background NO3-N levels are not necessarily 1855 than |
ppm and could vary throughout Nebraska. We do not know the background NO3-N level in the Bazile
Trizngle. Mitrate-nitrogen values exceeding S ppm have besn arbitrarily selected as being reprasentative
of aress whare contamination has most likaly ocourrad so the variahles that may control the degrea of
condarnination can be more readily evaluated. Nitrogen-nitrogen values less than 5 ppm may have hean
affected by contamination, but tna Tesser degree, and in particular values less than 3 pprm ray represent
background levels. Evalualing the actual background NOZ-N level 15 definitely an area for future work.

Figure 10 iHlustrates that of the 117 irrigation wells sampled, about 25 percent of the samples exceard
the recomimended 10 ppra NOZ~N level, whereas an additional 45 percent had values that ranged {rom S to
10 ppra, The ajor ity of these excesded 7 ppr indicaling that the groundwater has probably been
contamingted to varying degress. There are many factors that contral the potential for contaminating
groundwater wilh agricuitural chemicals including hydrogenlogic, climatic, soil, and land use variablas.
Figures 7 and 8 indicate thal this conlamination has not effected the Ogaltala and Pleistocene sand and
gravel water-nearing units to the same extent. The Ogallala has a much targer percentage of samples with
tess than 5.0 pprec NO3-N, cormpared 1o the PHio~Pleistocene unit, This may be due 1o the smaller number
and Tocation of sarmples from the Ogallala; however, as discussed helow, the differences are real and can be
explained by local hydrogentogic conditions.

The probability of higher contaminant concentration in an unconfined system is greater at shallow
depths for two reasons. First, a contarminani will enter an unconfined system from the top, and as it roves
vertically it will usually becoms dituted and disparsad with depth Conntaminant-dependent). Secondly, the
vertical moevereent of the contarminant s inhibited by the strong influence of horizontal transport in
groundwater systerns. Of the samples with NO7~N values greater than about 5.0 obtained from screened
intervals in the Ogallala, all, except one, have at least 25 feel of what iz inferred to be PYio-Pleistosens
sand and gravel directly overlying the Ogallala. These Plio-Pleistocene units are not soresned. 1
contamination 15 most Tikely 1o ocour at relatively shallow depth, then contarmination would more likely
aoeur in the overiying and shatlower Plio-Pleistocene water-bearing units. This suogests that the
apparently high NG2-N vatues in the Ogallala may be not due 1o actual contarnination bl are the result of
contarninated water being drawn in from tha Plio-Plaistocens units. The Plin-Pleistocens sand and grave)
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unils transmit water much more readily than the semi-consolidated, fine- to medium-grained sand of the
Ogallala, so that during pumping these two units become hydrautically connected. Sample BT-8-LE has 42
feet of mediumn-grained gravel thal is separated from the Ogaliala by 40 feet of blue ¢lay, according to the
drillers' 109, however, considering the inlermillent nature of these clay lenses, there could be a hydraulic
connection with the Ogallala al a relatively short distance. The fact that apparent contamination in the
Ogallala is due to the presence of Plio-Pleistocene units, suggests that, Tor the most part, the Ogallata
water-hearing units are relatively uncontaminaled. Based on this conclusion, the observed NOz-N
comamination in samples from wells sereening both the Plio-Plaistocene and gatlala is probably derived
from the Plio-Pleistocene units in these wells. At present, not enough information exists to determine the
axtent 10 which the pumping influences the natural hydraulic gradient batween thess two
hvdrostratigraphic units.

The key question becomes, what influences the NOZ-N content of the Plio-P leistocene water -bearing
units? Many of the Plio-Pletstocene samiples with NO3-N values between O and S ppm occur near or under
glacial 1111 (1ig, S), suggesting thal this clay-rich materal may provide an effectfve impermeable layer
that inhibits vertical movement of contamination to the groundwater, This relationship may only apply fo
the Triangle because in the Plerce-Westown area, a few miles to the south, glacial t11s are associated with
high NO3-N values (Hansan, 1983), This case of high values in glacial ti11 indicates that the presence of
glacial til) does not necessarily mean tow NOZ-N values, but it stresses the need for site-specific
information when evaluating water chemistry data.

The majority of the samples with NOZ~N concentratfons greater than 10 ppm oceur in the vicinity of
local and regional drainage divides where the slopes are slight to moder-ate (fig. 2). Although in an
unconfined groundwater system, recharge occurs over the entire flow system, the net recharge will be
much greater in these upland areas relative to areas dominated by discharge. In these upland areas, water
has a greater tendency to percolate into and through the soil, transporting contaminants to the
groundwater. As water moves from recharge to discharge areas in an area that is completely cultivated, the
apparent NOZ-N contamination should increase. This is not the case in the Bazile Creek drainage basin near
Creighton, where groundwater flows toward the northwest {0 Bazile Mills. Nitrate-nitrogen concentration
decreases from between 15 and 20 ppm near the intersection of Antelope/Knox /P ferce counties to about
6.0 ppm southeast of Bazile Mills (fig. 2). A possible reason for the decrease is that the area is not
completely under cultivation and the volume of water enter ing the system fn the uncultivated areas will
hrave Tittle or no NOZ-N content and dilute the NO3-N contamination entering the groundwater from
fertilized and irr fgated ground, Other factors that may influence the extent of contamination entering the
system are Jocal fertilization and irrigation practices, the timing of fertilizer application relative to
precipitation events, and frrigation-well gensity. If the most susceptible areas to contamination are those
where there is net recharge is dominant, then it is these areas that should be protected. Unfortunately,
sufficient hydrogeologic information does not exist to document areas dominated by net recharge,



The type of seil ond its infiitration character istics may influence the movement of contamination te the
subsurtace. A relationship of soil type to NO3-N content is not apparent on Figure 3, which may reflect the
gener-alized nature of the soil association map. In fact, the variability in soil permeability within the
associations given is often greater than between associations (Chrman, personal communication). Placing
Hw datn in the framework of detailed sofl surveys may indicate a soil-contamination refationship, but this
has nol been done yet and shoutd be the subject of Tuture work. Another Tactor commonty suggested as s
conte-ol of contamination is depth to waler. A analysis of the correlation of NOZ-N cantent {0 depth of water
indivater absoltely no ratationship.

The nitrate contam ination in agricultural areas is typically attributed to septic tank systems, feadlots,
ar aver-apalication of fertilizer. A well Tocated insee, 29 1.29N R.SW, which is withina 100 feet of a hog
confinement facility, and ancther insec. 36 T.29N R.SW, which s within 200 feet from a farm house and
atang the road Jeading fo the farmstead, appear to be affected by point sources, A strong correlation betwesn
NOz~N ang Gl which are both readily seluble in groundwater and conservalive in thelr movement, Potash
(KC1) as well as NOZ~N are found in starter fertilizers. This suggests that the leaching of commercial
fertilizers may be responsible for the contamination, in samples from Plio-Pletstocene units and wells
sereened in both Plio-Pleistocene and Ogaliala units that have NOz-N contenis greater than about 6.0 ppm,
Cl is strongly correlated to NO3-N as indicated by the corrslation cosfficients (r) of 0.82 and 0,90,
respectively (i.e r = | indicates a perfect linear refationship). This corralation has also besn observed in
Holt County ¢ £xner and Spalding, 1979) and indicates that although some of the €1 in these groundwaters
is almost certainty natural, the proportion of Cl that is probably the resull of confamination increases as
the N©3-M concentration incraases, Nitrate and G may also be correlated 1f animal or human wasle was the
source of contamination; however, significant correlations between NO3:Ma and Cl:Na should exist (Exner
and Spalding, 1979), but these are not observed.

A comparison of resuits from this study with data previously collected on weils used in the Bacile
Tetangle study yield equivocel results (table 3). Except for the value given for sec, 33 T.28N R AW, the
samples taken by Hanson in 1980 (Hanson, 1983 ) were collected after the irrigation wel) had only been
pumping 10 fo 15 minutes, The remaining samples tisted in table 5 were collected after spvera) hours of
pumping. Ondy for wells that were sampled using similar sampiing pratocol can a valid compar ison can be
made. Of the 19 wells that can be compared, nine show an increass, thres show a decraase, and six show np
change. The six that show no change were cottected over the 0ast 3 vears A comparison of samples ool lected
At least seven vears apact suggest that the NOZ-N in the groundwater may be on the increase as indicated
by S of the & samples showing inereases ranging from about 1 to 15 ppm. However , this small number of
samples and the potential variability in the composition of water samples, as discussed below, does not
allow for statistically significant arguments as to past and fulure trends.

The interpretation of NOz-M data acguired from samples of irrigation wells must be considered in
light of the inherent probilems in acquiring samples that are representative of contamination in the
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subsurface, [rrigation wells have screened intervals that extend aver several hundred feet and possibly
fntersecting distinctly different water~bearing units. The resulting samole 1s a mixture composed of
varying proportions of contaminated and uncontam inated water, as is arqued above for waler from the
Ogallala. This mixing results in the dilution of the contamination, leading to samples having concentrations
potentiaily biased towards Tow values. This is not acceptable for svaluating potential heatth risks and water
management. Concentration of NO3-N in a sampled well has the polential o vary considerably depending on
when the well was sampled, relative 1o the time elapsed since pumping was initiated (rninutes versus many
hours). These variations are the result of vertical stratification ih waler auality, variations in the ability
of the different units to transmit water , differences in the source of recharge for different water - bearing
units, radial changes In water chemistry with distance from the well, and changes in the hydrauhie head
during pumping (Schmidt, 1977, Nightingate and Bianchi, 1980, In addition 1o these relatively short-
term variations, seasonal variations will atmost ceriainly exist depending an tand use, rainfall etc.
Combining all these variations ray result in compositional changes that are on the order of a coupde of ppra
or up to tens of ppm (Saffigna and Keenay, 1977, Schmidl, 1977, Nightingale and Bianchi, 1980,
Spalding and Exner, 198Q). Therefore, one sample represents only an estimale of the contaminant leve] at
ane moment. The potential for variation Is significant and must be considered when evaluating data on
contaminants acquired using an freigation well.

SUMPMARY , COMCLUSIONS, and RECOMIMENDATIONS

The Bazile Triangle is a complex geologic and hydrogeniogic area. Groundwater occurs in predominantly
unconfined water-bearing hydrostratigraphic units consisting of the Ogallala Group and P Ho-P leistocene
sand and gravel, which are part of the areally extensive High Plalns Aguifer. The saturated thickness of
these deposits range from less than 100 feet to more than 400 feet and depth to water varies from 6 to
185 feet, There are three general groundwater flow areas that are related to the Verdigre Creek, Bazile
Creek, and the North Fork of the Elkhorn fiver drainage basins, The estimated rate of qroundwater
movement is on the order of 0.5 10 1.5 feet per day.

One hundred seventeen irrigation wells and & domestic wells were sampled from July 24 o August 8,
1989, The NOz-N content inr the domestic wells ranged from .66 t0 28.6 ppr; only the 38,6 npm value
exceeded the recommended 10 ppe tevel Groundwater samples were obtained fram irrigation wells that
were screened in two distinct waler - bear ing hydrostratigraphic units, the Ogallals Group and P 1o-
Pleistocene sand and gravel, or were screened in both the Ogellala and P Ho-Pleistocene sand and gravel,
Only 25 percent of the samples had NOz-N values that were greater than 10 ppm: the highest value being
29.0 ppm. An additional <15 percent had values that rangad from S to 10 ppm; the majority of these
exceeded 7 ppm Indicating that groundwater has probably bean contaminated to varying degrees, Apparent
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contamination in water from the Ogallala appears o be related o direct hyvdraulic conductivity with
overlying Plio-Pleistocene sand and gravel. This suggests that the Ogallala is still relatively
uncontam inated. Contamination in the water derived from welis that screened both hydrostratigraphic
units probshly rasides in the Plis- Plaistocans satd and gravel.

Glacial 1N appears to inhibit vertical rigration of contaminalion in the Bazile Triangle o5 indicaled by
the nureher of samples with 010 5 ppm near 1N occurrences, bt this retalionship sy vary with
variations in the composition of the 111 The majorily of sampies with NOZ-N values greater than 10 ppro
oocur in the vicinily of local and regional drainaga divides with stight to moderate slopes that are areas of
net recharge. A strong retationship between the NO3-M and C1 concentrations indicate that the source of
groundwater cordamination is most Hkaly related to fertilizer-apphication practices.

Thers 15 insufficiend data to mplement a specific groundwatar managemeni or protection strategy aven
though the groundwater appears to ba contaminated to varying degress. The data praesentsd reprasant only a
gtirnpse ol the contarsination &l one moment. Shori-term and seasonsl variations need 1o be evaluated 1o
determine how well the data acquired here represent the degree 1o which the subsuriace has been
contaminated. This can only be done with additional sarmpling, 1f there i vartica) stratification of the
cortaminalion as sugaested, additional research shouid examing the extent of this stratification and
whether the contamination pradominantly ocours in e particutar unit(s). Assessing verdical stratification
will reauire nested monitor ing walls equipped with dedinaled sampling sysiems and pressure transducers
torecord hydraulie head data, Pump ests could also he done 1o test the hydraulic connection between the
the Ogallata and the Plio-Plaistocans sand and gravel, More spenific information nesds 1o be acquived to
tdentify the arens dorminsted by net recharge and evalusts the relationship of so0i) types and their ability 1o
transm it watar and condamingtion. A concarted effort by Tandoaners shoutd be mate 10 protect Nebraska's
greatest natural resouros. This can be done by encourating deen 5001 profiling and efficient irrigation
water management to reduce the potential for Ttura contamination,
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Appendix A
SAMPLE SITE DATA

Well Lecation: T. W, R.__ E or W, Sec. , 1/4 1/4
Registration #: Sample #:
Sampling Date: Time: Sampled by:

Well Data:
Type: Irrigation Houschold Stock Municipal Monitoring
Elevation: t. (AMS)

Depth: Total _  £i; To Water: _ft.
Cazing: Concrete Steel Plastic Transite Brick Other
Screened Interval: ft. Type of Screen:

Reservoir Material:
Location: Pit Lowlying area Near drainadge

Ager: Vrs.,
Construction: Drilled Driven Dug
Output: - __gpm

Punmping Duration Prior to Sampliing:

Additional Comments:

Sanple Area: Soll Type(s)

Location Description:

Comments:

TPolnt Sources:

Barnyard fr. of well Active Inactive
Septic tank ft. of well
Other:

Nonpoint Sources: describe crops, direction and distance from well

Crop Rotation (Last 5 years)

Pesticides used on these fields? ¥ N
Which ones and rvates:

Nitrogen fertilizer, manure used on these fields? Y W
Rate(s):




Groundwater Data

Field Parameters:

Temperature: c
Conductivity: umho/cm
nv

Nitrate~nitrogen, ppm:
pH, S.U.:

Laboratory Parameters:

Analytical Facility

CATIONS ppm meq/1

Calcium

Iron

Magnesium

Potassium

Sodium

Total

Triazines, ppb:

Pesticides: Type:

ANION pPm

Bicarbonate

meqg/1

Nitrate-Nitrogen

Sulfate

Chloride

Total

pprb

ppb

Total coliform 100 nml:

Comments:

owner:
Name:
Address:
Phone:

Results sent: Y



Appendix B

Sample Locations and Chemical Data for
Bazile Triangle Groundwater Quality Study.
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