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Executive Summary

The Nebraska Department of Environmental Control (NDEC) studied the western portion of
the Upper Big Blue Natural Resources Dismict (UBBNRD) in-1991 and 1990 and the castern porton
in 1989 for possible Special Protection Area (SPA) designadon. The UBBNRD requested the endre

Distict be studied, in part due to a request for an SPA study from the City of Seward, and in part to
concern over increasing concentrations of nimate- nitrogen found in ground water in other portions
of the District.

The UBBNRD encompasses one of the most intensely irrigated arcas of the sute, with
approximately 10,900 registered wells, most of which are irrigation wells. Most of these trrigaton
wells derive their water from a shallow Pleistocene sand and gravel aquifer, a deep Pleistocene sand
and gravel aquifer, or a combinarion of both. Fine-grained units of clay, silt, or till separate the wo
aquifers, and are present over extensive areas of the Distict. Perched aquifers, confined aquifers, or
alluvial (stream deposited) valley aquifers also provide ground water for irrigadon.

During the summer of 1991, 586 wells were sampled for water quality analyses in the west-
emn part of the UBBNRD. Regionally, some areas had higher nimate-nitrogen levels than other
areas. These areas may have geologic conditions that make detection of nonpoint source contamina-
ton more likely, such as perched aquifers or isolated aquifers which may become contaminated
sooner than deep or confined aquifers. -

Condidons associated with nonpoint source contamination are found throughout the
UBBNRD. Intense irrigadon, corn producdon, coarse or well- drained soils, and applicadon of
commercial fertilizers and livestock manure are common in the Dismict. In addidon, some areas of
the District exhibit homogenous, elevated nitrate-nimogen concentradons in ground water, a charac-
teristic of nonpoint source contaminadon. Other areas of the UBBNRD do not have high levels of
nitrate in the sampled ground water, but it is likely nonpoint source contaminaton is occurring
there. The evidence of nonpoint source contamination is being masked by the mixing of water from
different aquifer units. In the remaining areas, nonpoint source contaminaton is likely to occur in
the foreseeable future, given the land use practces, geologic condidons, and management techniques
in place. : o

The NDEC is recommending the designadon of a Special Ground Water Quality Protecton
Area in the entire UBBNRD. Designation is being recommended for the entire Diswict because of
the evidence of nonpoint source contamination presented in this report, the possibility that nonpoint
source contamination is being masked and not recognized, and that condidons exist for nonpoint
source contaminaton to occur in the foreseeable future. The designadon of this SPA will allow the
UBBNRD 1o take the necessary steps to reduce-and prevent further nonpoint source contamination
from occurring and allow the NRD to administer a ground water quality program with the most
efficiency.
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INTRODUCTION

The Nebraska Deparmment of Environmental Congol (NDEC) conducted a study in 1991 to
determine if nonpoint source contaminadon of ground water was occurring in the western pordon
(WUBB) (Figure 1) of the Upper Big Blue Natural Resources District (UBBNRD). This study
completes an assessment of ground water quality for the endre UBBNRD that includes a study of
. the eastern pordon (Figure 1) of the distaict.(EUBB) (Gottula, 1990) and an interim report (Gorrula,
1991). The assessment of nonpoint source contamination in the UBBNRD is in response o0 a 1989
request (Appendix A) by the district for a Special Ground Water Quality Protection Area (SPA)
study.

The SPA program was created by the State of Nebraska to idendfy areas where nonpoint
source conramination is occurring or is likely to occur. and to address that contaminadon. SPA
studies are performed under the authority of the Nebraska Ground Water Management and Protec-
tion Act (Nev.Rev.Stat, §46- 674.02-46-674.20) and NDEC Title 196 (NDEC, 1988b). The Ne-
braska Ground Water Management and Protection Act and NDEC Tide 196 provide that polidcal
subdivisions with evidence of nonpoint source contaminadon within their jurisdicdon should request
a study for possible SPA designaton.

Nonpoint source contamination is regional in character and is associated wuh widespread
activities such as the applicadon of agricultural chemicals. Point source contaminadon, which is not
regulated by the SPA program, is the result of localized discrete events or sources. Point source
contamination of ground water can also result from poorly located and/or constructed water supply
wells, inadequate septc systems, and leaking underground storage tanks.

Nonpoint source ground water contamination in Nebraska has been documented by studies
that idendfied the presence of pestcides or elevated nitrate-nirogen (NO,-N) concentradons in
ground water (Chen and Druliner, 1987; Spalding, et al., 1978; Exner and Spalding, 1979, 1991;
Gormly and Spalding, 1979; Spalding and Exner, 1988; Ehrman, 1989; Link, 1989, 1990, 1991;
Exner Spalding, 1990; Gotula, 1990; Tanner and Steele, 1991). The sources of contamination have
been ded to land applicaton of pesdcides, fertlizers, and animal wastes.

Factors often associated with nonpoint source contaminaton include irrigation, permeable
soils, shallow water tables, and comn production. Recsnt evidence of leaching of nitrates to deeper
water tables has emerged (Kitchen, 1987; Gotmla, 1990; Kross, et al., 1990). Kitchen (1987)
documented vertcal migration of nitrates beneath an upland area adjacent to the study area. Gortula
(1990) documented evidence of nimate contamination of an upland aquifer which continues into the
area of the present study.

In the fall of 1988, the city of Seward, citing increasing concentrations of NO,-N in water
from ciry wells, requested an SPA study for an area in the vicinity of the city’s wellfields (Appendix
B). UBBNRD at its April, 1989 meeting supported Seward’s request and requested an SPA study
for the entire district (Appendix A). Afier discussion with UBBNRD, NDEC agreed to study the
district in phases.

Sampling in the portions of Butler, Seward, and Saline Coundes within the dismrict was com-
pleted in 1989. The report issued in 1990 (Gorttula, 1990) cited evidence of nonpoint source nitrate
contamination of the upper-most aquifer beneath the Goehner Upland. The report recommended
SPA designation be delaved untl study of the entire diszrict was completed.

Timely rains during the irrigation season of 1990 prevented the sampling of an adequate
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number of irrigation wells in York and Polk Countges. The results were summarized in an interim
report issued in 1991 (Gortula, 1991). In 1991 the NDEC sampled wells in York, Polk, and the
remaining counties in UBBNRD for this report.

The Upper Big Blue NRD (Figure 1) is comprised of 2,840 square miles in east cenmral Ne-
braska. The area studied in 1991 covered 2,145 square miles and parts or all of six counties, includ-
ing all of York and parts of Polk, Fillmore, Hamilton, Clay, and Adams Coundes. The climate is
continental with winter temperatures often falling below 0F(-17C) and summer temperatures climb-
ing above 100F(38C). Precipitaton averages approximately 26 inches (66 cm) per year (NOAA,
1982). :
The UBBNRD is drained by the Big Blue River and its mibutaries including Lincoln Creek,
Turkey Creek, Beaver Creek, School Creck, and the West Fork of the Big Blue River. Some areas
of the District have undrained depressions in the upland regions.

Irrigation is almost endrely from ground water wells in the Dismict. As of March, 1991, the
Department of Water Resources data showed over 10,865 registered wells in the UBBNRD. The
six-county area studied in 1991 contains approximatety 9,500 registered irrigadon, municipal, and
industrial wells. Figure 2 shows the distribution of registered wells by county in the NRD. ’

The populadon of the entire UBBNRD was 55,264 during the 1990 census (Turnbull, 1991).
Approximately 34% of this total was rural and 66% urban. Table 1 shows the populatdon by county. .

TABLE1
" UBBNRD 1990 Population by County
Adams 1,403
Butler . 2422
Clay . 3,762
Fillmore 5905
Hamilton 8.487
Polk T 4586
Saline 399
Seward 13.872
York 14,428
Towl 55264

PREVIOUS STUDIES

Numerous studies and projects have been undertaken in the Upper Big Blue NRD which deal
with ground water and the geology of the area. The studies pertaining to the eastern UBBNRD are
discussed by Gortula (1990).

 The Conservaton and Survey Division of the University of Nebraska- Lincoln (UNL-CSD)
has published geologic logs of test holes drilled in all of the counties in the study area. These
include Adams (UNL-CSD, 1953a), Clay (UNL-CSD, 1953b), Hamilton (UNL-CSD, 1960),
Fillmore (UNL-CSD, 1953c), Polk (UNL-CSD, 1953d), and York (UNL-CSD, 1963). The United
States Geological Survey has published several reports dealing with parts of the UBBNRD. The
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geology and ground water resources of Big Blue River basin is the subject of Water Supply Paper
(WSP) 1474 (Johnson and Keech, 1959). Keech, Dreeszen, and Emery (1967) discussed the ground
water availability in York County in WSP 1839-F. Hamilton County's ground water resources are
covered in WSP 1539-N (Keech, 1962) and the geology and ground water resources of Fillmore
Counry are analyzed in WSP 1839-L (Keech and Dreeszen, 1968a). Keech and Dreeszen (1968b)
discussed the availability of ground water in Adams County in HA-287. Polk County’s ground
water is discussed by Weekly (1966) and Keech (1972). Chen and Druliner included York County

" in their nonpoint source High Plains Aquifer Study (1987). Because of the importance of irrigatdon

to the area, numerical and analog models have been used to Ty to understand and quantfy ground
water supplies (Emery, 1966; Huntoon, 1973; Cady and Ginsberg, 1979; Nebraska Natral Re-
sources Commission, 1983; Alley and Emery, 1986). Partofa masters thesis by Kitchen (1987)
involved an area just south of the boundary of the UBBNRD in Clay County. The thesis dealt with
nicate-N concencrations found in the unsanurated zone soils. _

- SOILLS

Soils are a control on the rate at which water (and the dissolved agricultural chemicals) can
move toward the saturated zone. Coarse, sandy soils will mansmit water more quickly than fine,
clayey soils. _

Most soils in the Upper Big Blue NRD are derived from loess sediments, a few from glacial
till, and a few from alluvial, sandy eolian or river deposited sediments. Figure 3 defines the various
soil associations within the district. Table 2 gives some of the physical and hydrologic characteris-
des of each soil associadon. One of the more important categories on this table is the average
permeability of a 60 inch soil profile. These values range from the minimum of 0.48 inches per
hour (Sharpsburg-Pawnee-Burchard association, derived from glacial dll) to the maximum of 17.6
inches per hour (Gothenburg-Plarte association, derived from sandy and gravelly alluvium). More
detailed soils informadon can be found in each of the study area’s county soil surveys and Dugan-
(1984). '

LAND USE

The principal use of land in UBBNRD is irrigated row crop producdon. 10,863 registered wells
exist in the UBBNRD, most of which are irrigation wells. Figure 4 shows the approximate location
of all the registered wells in the district. In many areas, wells are so close to each other that the
symbol which represents each well averlaps the nextwell’s symbol. [t is not unusual for more than
six wells to be located in one section (one square mile, 640 acres) in some of the heavier irrigated
areas of the distict.

A map showing general land use is shown in Figure 5. This map along with the map in Figure
4 (registered wells) helps to show the intense use of irrigation on cropland in the UBBNRD.

Corm is the primary crop in the irrigated portons of the NRD. Stadsdcs from the Nebraska
Department of Agriculture (1990) show that Hamilton County had the most acres of corn harvested
for grain in 1989 of any county in the state. Approximately 79% of all irrigated acres in Hamilton
County were planted to corn. Irrigated corn production statistics for countdes within UBBNRD are

presented in Table 3.
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TABLE 3
Irrigated Corn Statistics (from Nebraska Department of Agriculture, 1990)

Percent of County which Percent of Irrigated
Cotmnry! is Irrigated Area Planted 1o Corn
Adams - 52% ‘ 16%
Butler . 30% ’ 69%
Clay 1% 63%
Fillmore 52% 2%
Hamilton % e 79%
Poik 2% 68%
Saline ) 25% 58%
Seward 32% 62%
York® . 66% 74%

! reflects entire county, not just the part in UBBNRD
2 entire county is in UBBNRD

Irrigated corn normally requires application of nitrogen fertilizer at a rate greater than dryland
com or soybeans. Individual farm operators’ fertlizer usage is not possible to quandfy in this
report, however general fertilizer sales on a county basis, is shown in Table 4. This table shows
fertilizer sales for the 9 counties and the state as a whole for 1989 (Ncbmska Dcpan:mcnt of Agncul-
ture, 1990).

TABLE ¢4
Commercial Fertilizer Sales, July 1, 1988 - June 30, 1989
(from Nebraska Department of Agriculture, 1990)

C aeaas TONS :«---

Counrty! Anhydrous Ammonia Liquid Nitrogen All Types Total
Adams ‘ 16,102 3,824 24,396
Butler 8,173 2904 15,502
Clay 24,909 4,666 40,315
Fillmore 15284 2941 : 23,060
Hamilton 22,592 - 6817 35117
Polk ' 12,390 - L7161 : 17,128
Saline 15,803 5377 28,652
Seward 12,852 5,661 24,253
York? - 23925 s . 33051

9 County Total 152,030 37.509 241.874
State of Nebraska 597,741 478,827 1,708,412

!reflects entire county, not just the part in UBBNRD
2 entire county is in UBBNRD

These nine countes compnse only 7% of the state’s total area, and according to Table 4,
account for 25% of the state’s anhydrous ammonia salcs 8% of the state’s liquid nirrogen sales, and
14% of the total sales of all rypes of fertilizer.
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GEOLOGY

Throughout the study area unconsolidated sediments of varying thickness mantles bedrock
(e.g., Figure 6). Bedrock units are Cretaceous and Tertiary in age while the unconsolidated rocks
are Quaternary deposits. Terdary bedrock is limited to an area near the westemn boundary of the
study area. The top of the bedrock is an erosional surface consisting of paleovalley and ridges that
.. are unrelated to the relatively flat land surface. While Pleistocene (Quaternary) sediments arc the
main source of water in the study area, the aquifer thickness is conmolled in part by the greater relief
of the bedrock surface (Johnson and Keech, 1959; Keech and Dreeszen, 1968a).

Bedrock units are generally marine or near-shore deposits except for parts of the Cretaceous-
age Dakota Group and the Terdary-age sediments. The unconsolidated mantling sediments of
Tertdary age are condnental deposits. Large amounts of dme passed berween the deposidon of the
marine rocks and consolidated condnental deposits and between the consolidated and unconsolidated
deposits. During the time gaps addidonal deposition and erosion occurred, sculpting new land
surfaces many dmes. Table 5 summarizes the geologic units found in the study area and their water-
bearing properties.

Cretaceous

" The oldest Cretaceous bedrock unit in the study area is the Dakota Group (Figure 7). The
Dakota Group underlies the entire study area. In the east it occurs at the bottom of buried
paleovalleys, and is the bedrock surface under much of Seward Counry. Dakota Group sediments
consist of interbedded sandstones and shales. The sandstones can be a source of water, but the water '
is highly mineralized and is generally of limited use. The quality of water decreases from east to
west and with increased depth (Keech and Dreeszen, 1959; 1968b; Keech, 1962; Keech et al., 1967).

Undifferentiated Graneros Shale and younger Greenhom Limestone overlies the Dakota
Group especially on bedrock highs. The Graneros Shale consists of shale with thin interbedded
calcareous layers, rare sands, and carbonaceous layers. The Graneros Shale is not generally a source
of water while the Greenhom Limestone can yield wateér where secondary permeability exists.
Springs have been reported near Milford in Seward County emanating from Greenhorn outcrops
along the Big Blue River (Keech, 1978). ]

The Carlile Shale Formaton occurs at the bedrock surface under much of Polk, York, and
Fillmore Counties. Overlying the Graneros and Greenhomn Formatons the Carlile consists of gray
argillaceous shale and blue-gray shale with thin fossiliferous layers. The fine-grained Carlile is not
a source of water. ' ' . '

The Niobrara Formaton is a yellow to light to dark gray chalky shale and chalk (Keech,
1962). Occurring at the bedrock surface mainly under Hamilton, Clay, and the porton of Adams
County in the study area, the formation thickens to the west. Extractable water is found in crevices
and solution cavities, which occur mainly in the upper few feet of formation (Keech, 1962). The
Niobrara Formation is generally not used as a source of water in the study area.

The Pierre Shale Formation overlies the Niobrara Formaton in the exreme western end of the
study area. The uppermost Cretaceous unit in the study area consists of marine clay shales. The
unit is not a source of water. : -

The oldest Terdary rocks in the study area are the Cgallala Group which occurs in northern

13
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Adams and southwestern Hamilton Coundes. Ogallala Group rocks are contnental deposits lying
unconformably upon marine Cretaceous units. The Ogallala completely overlies Pierre Shale in
Adams County. Within the study area Ogailala sediments are composed of clays, silts, marls, small
amounts of sand, and are consolidated in part. Due to the generally fine- grained nature of the
sediments the Ogallala is rarely used as a source of water in the study area.

Over most of the study area fine-grained deposits of possible Pliocene age \ie unconformably
on bedrock and are included in the deposits labelled as Quatemary. Previously, most of the deposits -
were considered to be Qgallala Group sediments (Johnson and Keech, 1959). The unit is mainly
unconsolidated silt with thin basal sands often present in bedrock lows. The sand present in this unit
can produce low yields of water in some areas. The silt can reach significant thicknesses where it
overlies bedrock lows but due to the fine- grained nature of the sediments, the unit is not a signifi-
cant source of water.

Quatermary

In terms of ground water quality and quantty in the study area, the important rocks are those
deposited during the Pleistocene. Pleistocene deposits underlie the endre WUBB study area. Al-
most all of the potable water used in the WUBB is obtained from sawurated coarse-grained Pleisto-
cene sediments. In the vadose or unsaturated zone, Pleistocene sediments act as the mansporting
medium and interbedded clays and silts can cause perching and lateral movement. In the saturated
zone fine-grained Pleistocene sediments act as confining, or partiaily confining beds.

During the Pleistocene, erosional and depositional processes shaped and reshaped the land-
scape between periods of reladve stability. The variety and juxtaposidon of those deposits has
resulted in complex stratigraphic and hydrologic relationships. Unfortunately the scale and detail of
informartion available necessitate generalizaton of local variadon although such variation may be
evident in study results.

Generally sand and gravel bodies are thickest in paleovaileys, although the buried valleys can
also contain considerable thickness of fine-grained sediments. Throughout the study area some
coarse-grained units are areally extensive, while others are effecdvely or partially isolated from
other coarse-grained deposits by fine-grained deposits. Relatively isolated units can be locally
hydraulically connected to other units by well construction that allows commingling of waters.

For the purposes of this report the Pleistocene will be divided into three units (Table 6). The
lowermost unit consists of deposits laid down during the early part of the Pleistocene, during which
continental glaciers moved into the eastern portion of the study area. During deposition of the
middle unit sediments, in the middle and late parts of the Pleistocene, continental glaciers did not
extend into UBBNRD. Middle unit sediments consist of coarse-grained sediments from western
source steams and fine- grained eolian deposits. The third and uppermost unit predominantly
consists of loess that caps uplands and occurs on some older terraces and was deposited during the
late Pleistocene.

The lower Pleistocene unit has the most varied depositional history of the three Pleistocene
units in this discussion. The advance and reaeat of continental glaciers into eastern portions of the
study area created a barrier to wesiem source streams. Coarse-grained sediments from ice-marginal
and western source streams filled valleys and aggraded extensive deposits over the smdy area. The
top of this unit in eastern pordons of the study area is glacial till or associated silts and clays. These
fine-grained deposits effectvely separate the lower and middle units. In western and northern -
portons of the study area, separation of the lower and middle units is not as evident.

Under upland areas, the middle Pleistocene sands and gravels, where they occur, constitue the
upper-most aquifer. Sand and gravel is interbedded with clay and silts of fluvial and eolian origin.
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Generally recharge water and contaminants impact ground water in these sediments first. The
coarse-grained sediments are the major reservoir for significant portions of UBBNRD.

Water quality differences in the lower and middle Pleistocene sands and gravels indicate
effective separaton of the two aquifers. Differences in water quality were evident in wells screened
in different units beneath the Goehner Upland in Seward County (Gorrula, 1990). The separation of
Pleistocene aquifers contnues west into York County. Other areas with possible significant separa-
* tion of aquifers includes north-cenmal to northeastern Fillmore County and northern and eastern
Polk Counry. '

The upper-most Pleistocene unit caps uplands and consists mainly of wind deposited silts
(loess). The capping loess is generally 20-30 feet thick and is called the Peoria Loess. Such factors
as vertical cleavage, root casts and animal burrows can allow relatively rapid verdcal transmission of
water through the Peoria. At some locatons Todd Valley sands occurring at the base of the Peoria
can transmit water rapidly. '

Underlying the Peoria Loess are the Gilman Canyon and Loveland Formatons (Reed and
Dreeszen, 1965). The Gilman Canyon consists primarily of silt, clay, and humic materials. The
Loveland Formation consists mainly of silts and clays. The fine-grained nature of the Gilman
Canyon and Loveland Formations can retard the rate of downward movement of water.

Quaternary age deposirs fill present day valleys. The composition of floodplains and terraces
are derived mainly from surrounding uplands and are generally fine-grained. Wells consmructed in
valley sediments generally have small yields. Water-level measurements.conducted by UBBNRD
and the Blue River Association of Ground Water Conservation Districts (BRAGWCD) personnel
indicate shallow alluvial aquifers have good hydraulic connection to surface waters.

For more detailed descriprions of the geology of the smdy area, the reader is referred to
Johnson and Keech (1959), Keech and Dreeszen (1959; 1968a; 1968b), Keech (1962; 1972),
Weakly (1966), Keech et al. (1967), and Cady and Ginsberg (1979).

GROUND WATER

The main source of recharge to ground water in the study area is deep percolating water from
precipitation and irrigaton water that moves beyond root zones. Estimates of annual average
recharge from precipitadon range from 1.4 inches to 1.9 inches yearly with the mdjority near 1.5
inches yearly (Johnson and Keech, 1959; Keech and Dreeszen, 1959; 1968b; Keech, 1962; Keech et
al., 1967). Research in the Central Plane Region has determined deep percolatng irrigadon water to
be an important mechanism for transport and leaching of agriculrural chemicals (Spalding, et al.,
1978; Gormly and Spalding, 1979). o '

Additional ground water enters the study ..:za by underflow from areas west of the study area
and by the Plarte River when at high stage. Grou:d water also flows out of the WUBB by
underflow to areas east. Recharge of shallow alluvial aquifers in valleys may occur after runoff
events or where surface water is present. :

Any portrayal of the water wable or piezometric surface is complicated by the variety of
hydrologic conditons that occur in the study area. Figure 8 illusrrates the configuradon of the
“average piezometric surface” for the entire UBBNRD in the spring of 1973. Ground waterin
dynamic systems constantly responds to smesses placed upon the system. Pumping wells, discharge
to the surface, wanspiration of plants rooted in ground water, recharging water and many other
factors smess the hydrologic system, changing the water table or potendometric surface.

Generally, the piezometric surface slopes easterly in the study area. In valleys the depth to
water is shallow while on uplands, depths commonly range from 40 to 130 feer below ground
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surface. Wells screened in units of different hydraulic conductivides, flow directions, or under
differing confining conditions will often have different water levels.

Figure 9 shows the configuraton of the base of the lowermost Pleistocene sand and gravels in
UBBNRD as mapped by Cady and Ginsberg (1979). Major paleovalleys end east-west in
Fillmore, York, Polk, Hamilton, and Clay Countes. A significant paleovalley ends northwest to
southeast through the central Hamilton-York county line.

Areas in the southeast portion of Fillmore County and eastern Seward and Butler counties
within the UBBNRD are mapped (Figures 8, 9 and 10) as having no principal aquifer. No signifi-
cant saturated coarse-grained rocks occur above high bedrock in this area. However, a few low-
yielding domestic wells are found in this area. The thickness of coarse-grained rocks that are satu-
rated with potable water is a measure of the ground water resource available. Figure 10 portrays the
aquifer(s) sarurated thickness by the difference berween the piezometric surface (Figure 8) and the
base of the Pleistocene aquifer (Figure 9). .

Transmissivity is expressed as a measure of the volume of water that can be transmitted
horizontally through a thickness of aquifer in a unit of dme. To simplify, transmissivity is a way 10
portray the combination of saturated thickness of the aquifer and the ability of the deposits to readily
transmit water. ‘Transmissivities are highest where sediments are coarse-grained with many inter-
connected spaces and sawurated thicknesses are great. Figure 11 portrays low wransmissiviry in the
study area. The highest ransmissivides generally occur within the major paleovalleys. The lowest
mansmissivities are found where the aquifer(s) is thin and/or finer-grained.

Fine-grained deposits can retard water percolating downward, and cause it to be perched
above the saturated zone. Perched water is widespread in northeastern Fillmore County and occurs
at other locations. Where fine- grained deposits confine or partially confine aquifers, artesian
conditions can occur. Arnesian conditions are known to occur in and near the valley of the West
Fork of the Big Blue River in Seward and castern York Counties. Confined and semiconfined
conditons are common in the lower Pleistocene aquifer. The middle Pleistocene aquifer is domi-
nated by water table or unconfined condigons.

Some geologic settings are more likely to show avidence of diffuse contaminants. Such
evidence is most likely in those aquifers that are relatively small, and uppermost aquifers where
loading of contaminants initally occur. Water quality is relatively variable in these aquifers because
dilution is less significant and surface impacts are greater than they are in larger, deeper aquifers.

Relatively small aquifers of low storage volume occur in the study area where the bedrock is
high or fine-grained sediments isolate coarse-grained sediments. .Some of those areas are evident on
Figure 10 where saturated thicknesses are relatively small and on Figure 11 where transmissiviges
are lower. Reladvely smail aquifers include the Bradshaw area in west central York County; north-

" ern, southwestern and southeastern Hamilton County; and northwestern Fillmore-northeastern Clay
Counties.

Uppermost aquifers in multiple aquifer settings probably include significant portons, if not
most of the study area. Relatively large aquifers separated from deeper aquifers include the middle
Pleistocene sand and gravels in central York County (Figure 12), and perched water in northeastern
Fillmore County (Figure 13). '

For more detailed descriptions of the ground water resources of the area, the reader is referred
to Johnson and Keech (1959), Keech and Dreeszen (1959; 1968a; 1968b), Keech (1962; 1972),
Weakly (1966), Keech et al., (1967), Cady and Ginsberg (1979). )
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PREVIOUS WATER QUALITY DATA

Long term monitoring of ground water quality in wells of known construction are helpful o
assess whether nonpoint source contaminartion is occurring and at what rate. Monitoring of this kind
has not been conducted in the study area. Limited historical information can be gathered from
previous water resource investgadons, public water supply wstng, and reladvely recent monitoring
"by UBBNRD and Blue River Association of Ground Water Conservaton Districts (BRAGWCD).

Almost all historical sampling was done in wells constructed for delivering large quandties of
water and thus often represent a blend of aquifer waters. In-additon results cannot be direcdy
compared due to different sampling protocols, analytcal methodology, and quality assurance and
control procedures.

Nimate concentrations in dynamic hydrologic systems are in constant flux. Spalding (written
communicadons, 1990) believes nimrate-niogen concentradons in Nebraska ground waters did not
exceed 2 mg/l before human induced leaching occurred. Many historical tests of water did not
include analysis for any form of nitrogen (N). The amount of nizogen in water is often reported as
nitrate (NO,) or nitrate-nitrogen (NO,-N). A nirate (NO,) concentration of 45 mg/l is approximately
equivalent to 10 mg/l nitrate- nirogen (NO,-N). :

Several previous water resource investigatons in the study area included water quality analy-
ses (Johnson and Keech, 1959; Keech and Dreeszen, 1959; 1968a; Keech, 1962; 1972; Weakly,
1966; Keech et al., 1967). Most of the sampling was conducted in the early 1950s. Nimate levels in

100 analyses in and near the study area had very low. concentratons. Converted to nitrate- nirogen -

only a few samples had levels as high as 6 mg/1 with most concentratons below 2.2 mg/l. From this
evidence it appears that nitrate- nirogen concentradons in UBBNRD aquifers were generally below
2 mg/l before recent anthropogenic influences impacted ground water quality.

Public water suppliers are required to perform regular testng of their systems. Sampling
results from public water systems often reflects the blending of several wells. The City of Bradshaw
is currently under administrative order by the Nebraska Department of Heaith for nitrate-nicrogen
levels above the 10 mg/ limit for drinking water. Near the northern boundary of the study area the
City of Hordville has had nimrate levels above the maximum contaminant level (MCL) for nicate-
nitrogen in their water supply. Near the southwest border, the city of Hastings had evidence of
rising nimrate-nizogen concenradons in City water supplies during the 1980s. Within the study area,
more frequent NDOH monitoring is required of small suppliers located in or near York, Aurora, and
Polk. East of the study arza the cites of Utica, Goehper, Rising City, and Seward all have elevated
nirrate-nirogen concentratons in system waters.

UBBNRD in cooperation with BRAGWCD has been tesung ground water in the study area
since the early 1980°s. Most of the wells sampled are rural domestc supply wells which generally
have more variable water quality. Nitrate-nitrogen concentrations were determined by use of 2
laboratory spectrophotometer. The average nitrate-nitrogen concentration in domestic wells
sampled by UBBNRD are shown on Figure 14. Approximately 29% of the irrigation weils tested by
UBBNRD have nimate concentrations above 5 mg/1. Generally nitrate-nicrogen concentrations in
samples from Fillmore, Hamilton, Seward, and York Counties have risen from the carly 1980°s 10
the late 1980’s. _ ) . ' _ .

A well west of Seward and equipped with a continuous water-level recorder, is screened in the
middle Pleistocene aquifer. Water levels in this well (Steele and Wigley, 1991, Figure 14) have
trended upward from 1982 to 1987. The rise in water levels and nitrate concentmrations from
UBBNRD (Figure 14) sampling during the 1980s may result from increased amounts of deep perco-
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Seward County: Seward Recorder Well
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DOMESTIC WELL NITRATES .-
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Nitrate-nitrogen data from UBBNRD.

Figure 14. Nitrate-nitrogen conecentrations in domestic wells sampled by UBBNRD
and water-level! fluctuations in the Seward Recorder Well.
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Figure 15. Nitrogen In sediment cores, Seward County, 1990.
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lating water leaching nitrates present in the vadose zone to the aquifer. If climatic conditions influ-
ence nitrate concentrations found in the study area, nicrate levels may decline in gmes of drought.
Lower nimrate concentations were found during drought conditions in Iowa (Kross, et al., 1990).
Declining nitrate levels may lead to perceptons that condidons are improving when reladvely less
deep percolating water is leaching nirates from the vadose zone.

In 1990 UBBNRD cored unsaturated sediments underlying a pasture and irrigated cropped
felds within the district. Sediment cores were analyzed for nirogen by depth (Figures 15 and 16).
Fine-grained sediments typically
held relatively higher amounts of nitrogen (lithologic logs in Appendix C). Niuogen levels were
higher throughout the profile beneath cropped fields compared to the pastureland core. Reladvely
high nirogen levels under cropped fields may be evidence that leaching has occurred. Nimogen in
the vadose zone can be carried downwards to aquifers by deep percolatng water in the future.

SAMPLING METHODS

Wells sampled during the summer of 1991 were chosen in a random manner. At leastone
registered well in every other section was chosen, ownership determined, and letters sent Qut asking
~ for permission to sample. Approximately 1,000 letters seeking permission to sample wells were sent
out by NRD personnel, but a less than 50% positive response was returned. All other wells were
sampled with the owner’s and/or operator’s verbal permission. Lo .

Out of the 586 wells sampled, only 24 were domestc weils. Trrigation wells are believed to
reflect regional ground water quality benter than domestc wells. Domestc wells may reflect con-
taminant loading and shallow water table conditions beter than irrigation wells. Domestic wells
generally have lower yields and withdraw water from a limited volume of an aquifer. The lower
yield also allows domestic wells to be screened in thin, shailow, or reladvely isolated aquifers. In
addition, domestic wells are often located near possible point sources of contamination.which
obscure regional water quality trend analyses. :

The wells sampled were distributed through the six-county study area in a manner propor-
tional to the total number of wells in each county and the smdy area. The 562 irrigation wells .
sampled of the 586 total samples represent approximately 6% of the total number of registered wells
within the swudy area. Table 7 illustrates the weighted distribution of sampling reladve to registered
well dismribution.

. _ TABLE 7
Registered Wells in 1991 Study Area and Number Sampled by County

# of Registered #

Wells in Sampled
County UBBNRD(1) % Total in 1991 % Total
Adams 388 40 23 3.8
Clay 1,038 10.7 65 11.1
Fillmore 1,529 15.8 97 16.6
Hamilton 2,844 29.3 175 : 29.9
Polk 1,007 10.4 62 10.6
York 2384 228 164 289
TOTAL 9,690 100 536 160

(1) Nebraska Department of Water Resources data, 1991.
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Actual sampling was performed according 10 NDEC protocol (Ehrman, 1988) during the
months of June, July, and August, 1991. A site-specific field data sheet was completed on each well
(see Appendix D). Informaton on this sheet included the physical setting and appearance of the
well, crops grown nearby, and legal descripdon. Special attention was given to factors important in
evaluadng the well’s potendal to be contaminated by a point source. Point source contamination of .
the well could be caused by surface water carrying agricultural chemicals draining into the casing
through a cracked or undercut pad around the well. A well located ar the low end of a field or near'a
ditch may become contaminated from surface water infiltrating into the well. Domestc wells may
be located near septic systems, livestock feedlots, or agricultural chemical mixing areas., Any of
these simatons or conditions can directly or indirectly impact a well. If point source contamination
is affecting the water quality of the well water, the data is not useful in cvaluanng regional water
qualiry.

All sampled trrigation wells had been pumping more than an hour before a water sample was
collected. Domestic wells were pumped approximately 15 or 20 minutes before testing of physical
parameters proceeded to insure purging was complete. Prior to sampling, a tap, pipe gate, or outlet
was located as close as possible 1o the well. The outlet was opened and allowed to run undl em-
perature and conductivity stabilizadon. This procedure was followed to ry to ensure the water
sample would be taken from freshly pumped water and not from water which had been stagnant in a
pipe or hose. Field pH, temperature, and electric conductvity were recorded. '

Field conductivity was recorded using a YSI conductvity meter. Field pH was recorded using
a Fisher Sciendfic Accumet pH meter. Field temperature was measured at the outlet with a hand-
held alcohol-filled thermometer. The other measurements were taken from dcdxcatcd conrainers,
and leftover sample water was discarded.

Samples were collected and preserved in the following manner:

One 1-liter polypropolenc cubitainer was filled to the exclusion of air and left unpreserved for
the analysis of major ions (bicarbonate, chloride, sulfate, sodium, magnesium, calcium, potassium,
phosphate, boron, iron, and manganese). Filtering and preservadon for magnesium, calcium, phos-
phate, iron, and manganese were performed at the laboratory upon arrival.

One 1-liter polypropolene cubitainer was filled nearly full and preserved with 5 ml concen-
trated sulfuric acid for nitrate-nirogen analysis.

Recent studies have shown a correlation berween high nimrate-nitrogen levels and detectable
levels of aoazine (Spalding et al., 1979; Chen and Druliner, 1987; and LeMasters and Doyle, 1989).
At cach sampling locadon, a field screening test for nitrate-nicogen was performed using a Hach
nitrate- nitrogen test kit. On those samples showing a nitrate-nitrogen level of approximarely 10 mg/
1 or higher, a Res-I-Mune triazine test it was employed to detect the presence of triazine herbicides.
Samples for laboratory pesticide analysis were collected from those wells showing positive results
(L.e., containing >1.0 ppb triazine). In addidon, 6 pesticide samples were taken randomly. Pesdcide
samples were collected in sterilized 1000 ml. clear glass jars with Teflon-lined plastc hds and were
preserved on ice and refrigerated undl extracted.

At least one field blank set consisdng of de- 1onizcd water and one duplicate set of samples
were collected each day. These were preserved, handled, and analyzed in the same manner as the
actual samples. All samples were packed on ice in coolers and transported to the laboratory by
NDEC personnel. Most samples taken during the last half of the summer were taken to a private lab
in Lincoln for analysis.

Both irrigation and domestic wells wers sampled and analyzed for the following parameters:
Nitrate-nitrite as niogen (NO," + NO, as N}, chloride (CI'), sulfate (SO,?), bicarbonate (HCO,?,
sodium (Na~), magnesium (\Ac'z) ca.lcmm (Ca’%), and potassium (K*). The samples brought to both
laboratories were analyzed using EPA approved methods.
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Quali Ouality € | _

Audits for quality assurance and control included elements (0 assess field sampling, lab
analyses, and databases for accuracy and precision. Field sampling was conducted according to
protocols established for SPA sampling (Ehrman, 1988). Sampling protocols included documenta-
tion of custody of each sample to the laboratories, stadstical tests of field and laboratory measure-
ments, and checks on sampling by field blanks, blind-duplicate, and split sampling. Blind-dupli-
cates were tested for precision by performing Independent T tests. Split sampling was evaluated by
urlizing sign tests and comparison.

Both laboratories performing SPA analyses have quality assurance/quality control (QA/QC)
plans in place that have been reviewed by the U.S.E.P.A. An examination of a random sampling of
10% of sample analyses showed no analyses exceeded established holding times. Ionic balances
were generally below 5%. Laboratory results with data outside normal ranges were reexamined for
reportng errors. :

Laboratory and field data was compiled in computerized data files. After data enty, all fields
were examined twice for accuracy. ‘Corrections made to the main database were checked on data
subsets. _ : :

QA/QC audits found no significant problems with sampling and laboratory analytcal results.
Analytical results had good precision. Audits of computerized databases indicates the database °
correctly represents analytical results. '

STUDY RESULTS

Results from laboratory analyses are tabulated in Appendix E. Table 8 presents the univariate
. statistical measures for each consdtent in all samples. Figure 17 shows the approximate sampled
locations within the WUBB and Appendix F show approximate sampled locations with well idendfi-
cation by county within the UBBNRD.

Most of the water sampled was of calcium bicarbonate type with a few samples of calcium
sulfate type. The composition of the sampled water expressed as percentages of the total
milliequivalents per liter of the major cations and anions is shown on Figure 18. The tilinear plots
illustrate some of the statistical measures of the data. Among major anions, bicarbonate is domi-
nant, and bicarbonate and sulfate are reladvely variable. Qutlier chloride values (6) are probably
due to point source contamination. Major cations are less variable, with the dominant cadon being
calcium. EUBB results (Gortula, 1990) found irrigaton wells to be less variable than rural domestic
supply wells. Only 24 rural domestc supply wells were sampled so a comparison cannot be made.

 Figure 17 shows ranges of nitrate-nicrogen concentrations at locations sampled by NDEC. A
histogram (Figure 19) of the distribution of the 586 nitrate-nitrogen values illustrates the majority of
concentradons to be below 5 mg/1. Seventy-five percent of nitrate-nirogen concentratons are
below 7.3 mg/1. Approximately 10% of nitrate-nitrogen concentrations are above 10 mg/1. 15
samples had nitrate-nicrogen concentrations above 13 mg/l: A majoriry of the samples with nitrate-
nitrogen concentrations greater than 15 mg/l had possible influences by point sources as indicared by
cracked well pads, high chloride and sulfate levels, and locadons that allow surface water to be near
the well. - . . .

Correlations between nitrate-nitrogen levels and chloride (Figure 20) and sulfate (Figure 21)
are used to evaluate the sampling results for possible interference from point source contamination. .
As the plots show, there is very little correlaton berween nicate and chloride and berween nitrate
and sulfate. The lack of correlations between nitrate-nirrogen and chloride and sulfate, generally
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Percent of total miiliequivalents per liter.

Figure 18. Percent lonic composition of WUBB SPA sampling, 1991.
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low nitrate values, lack of variability, and the lack of oudliers indicate sampling results are probably
representative of regional conditions.

Table 9 presents NDEC sampling results for wells sampled both in 1990 (Gorrula, 1991) and
in 1991. No mend is evident from this data. The large change in nitrate-nitrogen concentragion in
the well located at 11N2W26ba may be caused by point source contamination, sampling, and/or

analysis error(s). _
) Appendix E contains results for samples tested for pesticides. A total of 17 samples were
analyzed for the presence of pesticides. Ten were screened for 19 pesdcides, the remaining seven
were analyzed for arrazine only. Amazine was quantified in eight samples, all at low levels, the
highest concentradon being 0.447 ug/1. The maximum contamination level (MCL) for atrazine is 3
ug/l. No other pesdcide was detected. |

TABLE 9
NDEC Sampled Wells in 1990 and 1991
1990 1990 1991 1991 Difference )

County  Lecation SampleNo, NO-N(me/l)  SampleNo, NON(meM  {mel
Polk 13N1WTbo 69 5.85 P49 . 6.19 . 4034
York IN2W1lac 58 596 Y25 3.00 +2.96
York INIW32ch 51 10.0 Y148 903 = 097
York ON4W1bc 40 1.80 Y16 L.72 £0.08
York 10N2W13dc 41 6.90 Y154 928 +2.38
York 10N2W22aa 63 5.98 Y117 7.00 +1.02
York 10N3W 19¢c 38 6.48 Y14 6.13 - 0.35
York 10N3W26bb 62 9.16. . g4 . 844 0.72
York 10N4W7co 54 2.08 Y92 332 +1,24
York 1IN2W12cc 65. | 5.23 Y137 709 +1.86
York 11IN2W26ba 47 12.2 Y48 212 . 1008
York 11IN2W34de 64 12.1. - Y4 2120 0.10
York 12N2W12aa 49 350 Y54 3.83 +0.33
York - 12N2Wldca 50 373 Y52 - 426 +0.53
York 12N3W8cc 7 337 Y36 3.92 +0.55
York 12N3W 1520 51 5.04 Yis - 607 +1.03
York 12N4W4ao 7 5.83 L YI2 666 . 4083
York 12N4W12bb 72 6.17 Y67 8.60 +2.43
York ~ 12N4W17do 52 245 Y101 . 213 0.32

York 12N4W30be 53 165 Y99 - 6.17 - .1.48
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York G { Warer Recharee I o0 Proi

Informaton from the York Ground Water Recharge Demonstration Site supports study area
sampling results. Piezometric and chemical differences berween two aquifers underlying the site
illusmates the effective separation of aquifers that can occur in UBBNRD. Nimate-nitrogen con-
centrations in water from the lower aquifer were below the Method Detection Limit (MDL) while
water from the upper aquifer had much higher nitrate-nirogen concentratons before recharging
actvides began art the site. As nitrates infiltrate downward to aquifers the impact to ground water
will be seen first in uppermost portions of water-bearing rocks. Except for a small portion of the
southeast corner of the site, fertlizers were not known to be applied at the site (DeBuhr, personal .
communication). The presence of nirates in the upper aquifer is indicative of lateral flow within
the upper aquifer flow system. The incongruent nitrate-nitrogen levels in wells screened in differ-
ent aquifers is similar to sampling results in other areas of UBBNRD with mulriple aquifers.

The site is surrounded by eight sets of monitoring wells (Appendix G). Each set consists of
one well screened in the upper (middle Pleistocene) aquifer and one well screened in the deep
(lower Pleistocene) aquifer. The two aquifers are separated by approximately 70" of fine-grained
sediments. The monitoring wells are of documented constructdon and are built to produce water
from specific geologic intervals. Water-level fluc:uauons in the two aquifers exhibit a lack of
hydraulic connection (Appendix G).

Monthly sampling of seven of the eight sets of monitoring wells for major ions plus nitrate-
nirogen was inidated by NDEC and UBBNRD to provide possible seasonal informadon for this
study. Monthly sampling began before recharge actdvides began in June, 1990 and ended Decem-
ber, 1991. Appendix G contains a site diagram, an example of water-level fluctuations, graphs of
ion concentration fluctuations in shallow and deep wells, and wrilinear diagrams for major ions.

Generally the ionic composition in both aquifers is very similar but there are distnct differ-
ences. Field measurements indicate that the shallow water is generally colder and slightly basic
relative to the deeper water. Elecrical conductdvites of water in deep wells generally range from
300 to 400 uhmo/cm while water in shallow wells have much more variable conductvides. -Shal-
low monitoring wells 1A, 2A, and 8A tend.to have lower conductivites than their paired deeper
wells while the remainder have higher conductivities relative to their paired deeper wells.

Ionic concentratons are areally and temporally variable in the shallow wells, while the deep
wells are not nearly as variable in either respect. The effect of recharging waters became apparent
during the Spring of 1991 by the increasing fluctuadons in almost all ionic consttuents. A large
runoff event in early June, 1991 may be responsible for the convergence of the shallow well
water’s ionic constituents during the Summer of 1991. The effect of recharging waters negated or
obscured analysis for seasonal fluctuations.

Separation of aquifers is also evident from nitrate- mtrogcn concenmratons. The deep wells
have nitrate-nigogen levels below method detection limits (0.02 mg/l). Shallow wells have nitrate-
" pitrogen concentrations that are variable both areally and temporally. The effects of recharge on
some aspects of water quality are difficult to evaluate at this ime. One observation is that the lake
water has low nitrate-nitrogen concentrations and may be the cause for several shallow monitoring
wells having significanty lower nitrate-niogen levels a the end of monthly sampling (Dec. 1591)
conducted by NDEC.
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DISCUSSION

Study results from EUBB and WUBB indicate that ground water quality in the UB BNRD is
generally good, especially in areas with thick and areally extensive aquifers and/or aquifers that are
reladvely isolated. However, different water qualides are evident in muldple aquifer serings and
contamination by nitrate is evident. Most of the elevated nitrate-nirogen concentragons occur in
. uppermost aquifers or in areas with reladvely small aquifers of low storage available for dilution.

Nonpoint source contamination in Nebraska has often been associated with well drained to
excessively well drained soils, irrigadon, com production, and the application of feralizers, pesti-
cides, and animal wastes (Spalding and Exner, 1988). The Hastings soils that occur on uplands are
well drained. These soils have high shrink-swell potential and under certain condidons, can crack
and mpidly transmit contaminants to the underlying sediments. Corn producdon, irrigation, and
the application of ferdlizer, pestcides, and animal wastes are common throughout UBBNRD's
Groundwater Control Area. _

Irrigadon wells comprised 96% of all sampled wells. Sampling results indicate that very
few of the wells are influenced by point source contamination. Lack of point source influences
does not necessarily imply the well is good for detecting nonpoint source contaminaton. Irrigation
wells are built for the best possible yield and well construction techniques often include placing
gravel packs along the entre length of well casing and screen. This practice was common through
the early 1980s and often results in co-mingling of aquifer waters. The blending of waters can
mask the magnitude of contaminant loading of ground water. In areas where large volume aqui-
fers occur, accurate quantification of contaminadon is difficult without an understanding of flow
systems and vertical sradficadon, ' '

Areas with elevated nirate contaminations include a band near Lincoln and Beaver Creeks
through central York and Hamilton Counties, northern Hamilton County, along the northwest and
southwest study area boundaries, and in north-central Fillmore County. The geologic serting for .
each area can explain much of this areal variation. '

The band through cental York County is a composite of two different settings. West-central
York County in the vicinity of Bradshaw exhibits high bedrock resulting in a limited aquifer. East
of thar area a glacial dll and associated fine-grained sediments scparate aquifers. The separation
continues eastward into central Seward County to the vicinity of Goehner where only the upper
aquifer continues east 10 the valley of the Big Blue River. Wells were differentiated by aquiferin a
portion of EUBB (Gottula, 1990). In the adjacent area of east central York Counry, almost ail
wells are screened in the upper or in both upper and lower aquifers. Elevated nirate-nirogen
concentrations are common in wells screened in the upper aquifer. The few wells screened in
lower aquifers have water with low levels of dizrate. Water exhibiting a composite nitrate-nitrogen
concentration is found in wells screened in both units. Thus, in areas with multiple aquifers ni-
trate-nitrogen concentrations in water sampled from wells screened in different aquifers can appear
heterogenous, untl sampling results are separated by water sources.

North-central Fillmore County also has separated aquifers, but here the upper water is
perched. When a well is open to perched water, and upper water falls through the casing to the
lower aquifer, drillers often refer to this as “cascading water”. Some of the highest niate-npiogen
concentrations occur in this area. The perched water may contain high amounts of nizrate-nitro-
gen. Point source contamination may be a factor here but the perched water is narurally highly
mineralized and oudiers are not as evident.

The elevated nizrate concentrations along the northwestern and southwestem boundaries, the
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Gochner to Seward area in EUBB, and, to some extent, northern Hamilton County all have rela-
tively limited aquifers. High nimrate concenmadons in northern Hamilton County are not easily
explained

Areas in UBBNRD with low nimrate concentrations are usually associated with alluvial
aquifers, large aquifer volumes, and confined condidons. Examples of areas with low nimate
concenmatons and large aquifer volumes include the Geneva area in cenmal Fillmore County, and
the northeast boundary of the study arez in Polk Counry. Wells screened in alluvial aquifers in the
reladvely narrow valleys have low nimate concenmrations possibly due to diluton from surface
waters. Confined aquifers in southeastern York County have low nitrate-nitrogen concentradons.

There are many exceptons for the previous generalizadons. For example, southwestern
Hamilton County, and northeast Clay-northwest Fillmore Countes have limited aquifer volumes,
and low nitrate-nitrogen levels.

Regulatorv Concerns

SPA studies are conducted to determine if nonpoint source contamination is occurring or has
the potendal to occur, and to identify those areas both geographically and smadgraphically. The
regional and diffuse character of nonpoint source contaminatdon makes detection difficult. Often,
technical information is not detailed enough to accurately delineate a specific aquifer, or the
boundary of contaminated ground water. In addidon, delineation of SPAs is not wholly technical,
for example, administrative needs require delineation along established legal boundaries.

This study concludes a three year investigation (Gorula, 1990; 1991) of ground water
qualiry in UBBNRD. Nonpoint source contaminaton is eévident in pordons of the dismict. Other
areas of the district are probably experiencing nonpoint source contaminadon, but it is difficult to
detect and/or document by sampling irrigation wells. Land use practices with potential for causing
- ponpoint source contaminaton are common throughout the established Ground Water Control
Area which covers over 95% of the district’s area.

Given the complex geologic and hydrogeologic conditions existing in the UBBNRD, the
following management opuons were considered:

1. An SPA could be designated where there is evidence of nonpoint source contaminatdon and
no alterative water supply exists. This SPA would recognize the real problem water users
experience in these areas but would not deal with all areas where evidence of nonpoint
source contamination exists. Several small SPAs would result that would be difficult to
delineate geographically and administer efficiendy. Stratgraphic delineation would include
all potable water sources. :

2. An SPA could be designated in all areas where there is evidence of nonpoint source
contamination. This SPA would recognize areas with evidence of nonpoint source
contaminaton. However, such a designadon would not address areas where contamination
is occurring and evidence is lacking, or areas with potendal for nonpoint source pollution
due to land use practices. Stratigraphic boundaries would include contaminated aquifers
that would be difficuit w delineate geographically and stratigraphically.

3. An SPA could be designated where nonpoint source contamination has occurred or is likely
to occur in the reasonably foreseeable future. This SPA would address all evident and
potendal nonpoint source contamination and would include nearly if not all, the entire
UBBNRD. Such an SPA could include areas where nonpoint source contamination may
not occur. Geographic boundaries would be established along current NRD boundaries,
and stratgraphic boundaries based on potental for nonpoint source contaminatdon would
include all aquifers supplying potable water. The distict could recognize the differing

. conditons within the SPA and tailor their acdon plan to those areas using a phased
approach. ' '
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CONCLUSIONS

Sampling results indicate contaminadon by nitrates is occurring in aquifers within the study
area. Most arcas with evidence of contamination are characterized by multiple aquifers or aquifers
" of limited ground water in storage (fow diluton potential). Virtually the entire UBBNRD has the
- following characteristics associated with nonpoint source contaminaton of ground water:

1.  Nigogen sources available (applied ferdlizers and animal wastes).

9. Potental for leaching of nitrates (permeable soils and subsurface materials, crops requiring
reladvely intense ferdlization).

3. Mechanism for transport (deep percolating water from precipitation and irrigation water).

Elevated nitrates in the vadose zone beneath com fields is good evidence of leaching beneath
the oot zone. Regional contamination is evident by elevated, relatvely homogenous nitrate-
nitrogen concentrations in wells screened in uppermost aquifers and in areas with reladvely lirtle
dilution potendal. :

RECOMMENDATIONS

These recommendations encompass the entire UBBNRD, udlizing the results and conclu-
sions of this study, and the two previous SPA studies conducted in UBBNRD (Gorula, 1990;

- 1991). :

Evidence of nonpoint source contamination occurring or likely to occur in almost the entire
Upper Big Bluc Natural Resources District has been presented in this report and the previous two
SPA reports (Gottula, 1990; 1991). Therefore, the NDEC recommends designation of a Special
Ground Water Protection Area for the entire NRD (see Figure 22). Stratgraphically, this SPA
should include sediments from the ground surface downward through all aquifer units supplying
potable water. This would include Cenozoic and Cretaceous sediments and bedrock units as
defined by the Nebraska Conservadon and Survey Division. .

Such a designaton will allow the UBBNRD to take steps necessary to reduce and prevent
further nonpoint source contamination from occurring. The designaton will also allow the NRD
to administer a ground water quality program with the most efficiency. The areas of the district
with the greatest problems can be targeted with specialized plans appropriate to their local condi-
tions. Likewise, those areas with fewer current problems can be targeted for preventive efforts.
The plan to address the nonpoint source problem can be tailor-made to fit local geologic conditions
with the greatest amount of flexibility. .

The development of the action plan for this SPA will include a monitoring program. In
implementing this monitoring program, UBBNRD may wish to consider such measures as sam-
pling of irrigation, domestic, and municipal weils, installaton and sampling of dedicated monitor-
ing wells, soil coring, or other appropriate activities, as resources will allow. Such acdvites will
help to improve the understanding of subsurface geologic, hydrogeologic, and water quality condi-
dons.
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Appendix A. Request for SPA Study from UBBNRD




UPPER BIG BLUE

York, Nebraska 68467

. . . : {402) 3526601
Natural Resources District
April 21, 1989 : _ o
RECEILV ED .
Mr. Dennis Grams, Director
Department of Environmental Control APR 25 1989
301 Centennial Mall South
Box 94877 , crmpn 7L COHTRCL
State House Station : DEFT. OF ENViake :

‘Linceln, NE 68509
Dear Mr. Grams:

At it's April 20, 1989 meeting the Upper Big Blue Natural
Resources . District Board of Directors tock action supporting the
City of Seward's request for a Special Protection Area study and
further requests that the Department of Environmental Control
study the entire Upper Big Blue NRD. :

As you may know the district has met with Seward officials and _
with Dick Ehrman and Marty Link of your staff to discuss the SPA
study possibilities. We realize that it is not practical for
Your staff to study the entire district at one time, howaver, we
do feel that the entire district merits study over the next few
Years. Dick EBhrman and I have already discussed what appears to
me at this point to be a practical study area in response to
Seward's request. : ’ .

We look forward to meeting with your staff to discuss how the
remainder of the district should be divided for studies in the
future. ' .

Sincerely, .

Rodney De;C%r R ' : S

Water Department Manager

RD:nd .
Pc: Don Eikmeier, Seward City Administrator
Gordon Rissel, NARD



Appendix B. Request for SPA Study from City of Seward



Bovember 2, 1988 B : ' RECEIVED

Depnis Crams, Director '
Department of Environmental Control . NOV 3 1988
301 Centennial Mall South . — -
Lincoln, Nebraska 68508 DePT. OF ENVIRCNLIENTAL cuonoy

The City of Seward respectfully request that your department initiate the
process that is pnecessary to determine if the area of the City of Seward well
fields meet the necessary requirements as a Special Ground Water Protection
drea as allowed by LB 894. '

The City of Seward well fields have had a dramatic increase in contamination
of the water by nitrates. The average nitrate content of our weat well field
in 1972 from samples of six wells was 3.03 PPM. These same walls in 1988 have
an average nitrate content of 10.5 PFM. One well that had a nitrate content

- 6f 2.6 PPM in 1972 now has tested over 15 FPM. The production of water from
-the west field was 287,105,200 gallons in 1972 and 145,528,000 gallons verse
pumped in 1987. OQur south well field nitrate levels range frem 3.7 PPM to
5-4 FPM and have shown an increase in relation to the anount of water pumped.
However, the mouth vell field has limited capacity and ean not supply the
amount of water required by the city. ' . )

In 1987 the City installed two pew wells and three and one~-half miles. of water
mains to connect this new well field to our vest well field giving us the
ability to mix the water and maintain the lavel of nitrates in the aystem at a
level acceptable to the Health Department. ’ '

The nitrate levels of the new well field ares at acceptable levels at present.
However, this is with 1limited pumping. We will have to monitor these wells as
Pumping is increased to meet the demands of the system. Domestic wells in the
area of our new vells have shown niirate levels of over 30 PEM.

The City of Seward realizes the importance of providing aafe drinking water to
all patrons of the water system. By planning and funding new water projects,
the City will atrive to provide good safe water. However, finding water of
sufficient quantity and quality in Seward County is becoming a problem that
could affect the growth and development of all of Seward County.

Thank you for your time and counsideration of this letter. If more infor=ation
is peeded please fsel free to contact me.

Sincerely,

) o —
Fred ./ ¥elsh

Mayar . T

: B-2
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- . Tust -
- 2 -
- -—
— paturated 2' above Loveland -
— {S5-13 5.0 -
C Red-Br Loveland Formation, sand —_
= 2% seans very fine, <2 -
e sand scattered throughour ] -
| Olive Brn|Moist $£45%4 9aRdy clay, Tust _
- 55-14 ’ A, glacial t1ll, fac clay, . -
— Hard ‘Kansas till, silty, sandy 2'_8 -
= _ By rarhn aeatyg, hard 5o -
g Fire | stley clay, poorly graded , 1 7=
oo 155=15 . fine nnd 3.4 —
__--15 .
Project _
> Srudy
EED(EGHHIBB Locatian
Seward County, Rebraska
Job No. Date ‘
4N 4 SEPVIBES mu 1805228 12/10/90
Fom 16 1 08

C=4



BORING LOG

Lt HOLE NQ. LOCATION QF DNILL HOLE ELEVATION DATUM DRILLER LOGGER

DH=2 SF 3 sE b 37_ 'nm R1E 2.X

DEP.{SAMME|l W | % RESFTh ] Nl * | Nitrate DE#
FF- NT?PS T CQV Ve s - .“-,..i.T MC Nitrogen cuss | A

npom

i §5-16 Very silty, sandy clay, small 3.8 -
- Moist blocky texture, vary fine —
- 40 sand mixed in clay ‘ 40
— Drk. Gr. Hard |Back to till, some unweatter} ' -
j— ing fat clay, wvacer in -
. |S5-17 cracks oo 3.2 -
- 4 s
_ Firm [Fine sand, poorly graded :
[ ]ss~18 3.5

el - B
- |Ss-19 3.1 -
e 1° clay seam, vary vuaty 53' -
— ax% . 3'5_.
~ Hael llell-graded, more Tust, -
- Moisc coarsa sand scactarad, _
e |55-20 pleces of gravel, rounded 1.4

= stream, rollsd sands, -
e gravels of the early’ -
.50 Pleistocene Alluvium L=k
= |ss-21 1.6 -
— 85 6z
b lss-22 1.2 .
e -
- |ss-23 1.3 -
_._.,5 7e

Project
: - NRD Hitra:e Study
°1 Geotechnical ===
S - I Seward County, Nebraska
Job No. 8 -
4 b4 EPWEES m}- 1805228 12/10/90

fom 2182 1[03

C-5




BORING LOG
IFULL, HOLE NG, LOCATION UF UMILL HOLE ELEVATION DATUM ORILLEN LOGGEN
DH~-2 SE } SE § 32 TIIN RIE .. K.C. . R.XK.

DEP.| sanmrg| W I - . S . % | Nitrate CEP
A | Noa cowon | MosT fconsisT “;.sg?ﬁm MC |Nferogen |Cuss|
TYPE | Y . . REMARKS ppm ‘

— . -
— |55~24 Le. Br playey, silty sand, fine 2.6 -
i coarse sand throughout -
- e -
i poorly graded sand, —_
- vell-graded seams up to .~
. |855-25 1' thick 2.5 -
~ as as
— |ss-26 2.2 -
E oo . 50 -
il Wer —_
L |s5-27 13 :
=z o3 =+
[ |s5-28 1.6 —
o 1o
| Botzom of Hole 95' =
1o 112
"'"—“5 18—

Project
- - NRD Nitra:g Study
"( Geotechnical  [r=wr
SEP - . l Seward Coun:y, Nohraqka
Job No. Date
<A VIGES IIE. 1805228 12/10/90
Form 718 3 108




BORING LOG
ruLL HOLE NO. LOCATIOHN OF ORILL 1 HOLE ELEVATION DATUM DRILLER LOGGEN
DH-3 SE t 24 T1IN R2W K.C. R.X.
WATER LEVEL OBSERVATIONS IR eIne
WHILE . | . ENOOF ~orl.  24HOURS . | i liogman. Cornfield GED 88
DRILLING - DRILLING * | AFTERDPILING | aeweeme T Rep 1t 17N TAND
62' 52.3* 6" Continuous Flight Auger 65°
SAMPLE DATA SO, LESCIUPTION LASORATORY DATA
DEP.|SAMPLE[ “N° * GEOLOGIC - N e - CEP
fLj NO& RECCM .. COLoR | MoisT [consist O 7. | MG .-M:t“ “louss|r
YPE T ah . nsmms aar iy : rogen
oom
= 15%5~1 Drk. Bra M MoisgFiem !1' Top Soil highly orgzanic ‘13.2 =
- |g5-2 Lt. Brn Peorian Loess, silcy clay, 2.6 _
e Jee q rust, carbon stains, 1.8 -
- ss:a mottling poorly drained’ 2.0 -
555 area 1.4 5
-  |S5-0 Lot -
- _lss-g rw -
—~ Iss-9 2.8 -
[~ t0lcg_1n 3.2 1o -
[~ |ss-11 2.3 -
- 1s No more mocttling - £_
E‘ Horizontal layering, izon -
— ss-12 nodules 2.2 _
- .
- 20 23
wll Red-B8rn Hoist Loveland Formation, allyvin -
- siley, sandy clay, wvith | -
- 55-13 sand seams up to .5 thick .2 -
— rust, fine sand, poorly -
2 graded magnesium nedules, 23
uill Lt. Rad Rard small block texture o
il Brown ; -
[ Is5-14 1.7 -
- 30 Ne more sand ‘seams, fat 39
il clay, sandy, silty clay -
L lss-15 | 1.5 -
-I-_as 35_
PTO]EC!
ﬁ : - NRD Nitrate Study
G i n Location ,
& Sen ‘.Eu nl"}a * York County, N-braska
Job No. Date : .
a A 4 |aBTVIGESIE. 1805228 12/13/90

Form 212 /08

c-7




BORING LOG
DRAILL HOLE NO, LOCATION OF DANL HOLE . ELEVATION DATLIM . DRILLEA LOGGER
DHE-3 SE } 24 T1LN R2u X.C. R.K.
TN R L GEQLOGIC | i o .

ety woWJnm‘ ) Rty 1 DESCRIPTION " : Nicrace | -  |OEP

"Lrvpe | FT. L o) -3 . .. AOTHER . - ‘Nitrogen | GASS

e . - Jime BEMARKS 2 oot oom )

=il S5-16 Red=3rn Moist Decasional pebble of coarse 2.2 _—
~_ reunded sand -
- o 10 —
C [ss-17 2.0 =
"'_45 Firm {silcy, sandy clay changing 48 ™
= to a silty, clayey sand _
— at 49 -
- [ss-18 1.4 T
- 0 Fine sand with occasional 150 —
— coarse pebble, poorly grad- -
— ed, Tust . .
—= {55-19 1.4 -]
- - a8
- pell-graded sand with small —
— Iss-20 slarey 1.8 —]
~ Olive Gr. Hard |Glacial till, Kansas till, —
™ fat clay, scattered sand -
[ throughout, seams of fine 50 —

k2 . sand bearing water, iron | EE— —
C nodules, carbon stains, —
P ——
ko9 ,w perched water 2.1 —
w et ___;
= |
— g -+
i Bottom of Hole 65' —_
:"'m 79 —
- 7 rs -

Project .
' - NED Nicrate Study
ﬁ Eeuteﬂhnlca Loca"on?cr‘c'c Ly, Nehe sk‘
- kK County, a
5 I B I Job No. : Date
4 M4 BTVIG g HE. 18 05528 - 12/13/90

Faen 218 2 (/80




BORING LOG
HULL HOLE NO, LOCATION OF ONILL HOLE ELEVATION DATUM DRLLER LOGGEN
DH=4 SE } 21 TI3N R2w X.C. R.X,
WATER LEVEL OBSERVATIONS TR LML
WHILE -] . ENOOF ~xif > 24 HOURS - - | v yme” | Cornflald GEO 88
ORILLING DRILLING - | AFTER DRILUNG | meeieen T Ty ~r
73’ 73 , 6" Continuous Flight Auzer 80"
SAMPLE DATA SO, DESCTUPTION . LABORATORY DATA
per.saame]l N | % ! GEOLOGIC % Hitrace
n | no.a plowsmecov] cowon | moisT [consist vt MC | Nitragen | 4SS
TYPe | T REPAARKS rom |
= _Jss=1 Black  [Motst |Firm || orgfasore Fo0ts hiznly 12,2 - lstley
- |§5-2 Le. Brn Peorian Loess, fat clay, 24.3 lelay
= e “horizontal layering, cars 142 a
~  l§5=4 bon scains . 4.2
- 4|S5~5 4.4
[ [5%-A Less clay than before lean 1.2
~  |S5-7 clay 2.7
- c-a 2.7
—~_  18S=9 1.9
| 10leg-10 1.9
=l Few rust stains, more
- carbon ' )
= {s5-11 - 1.9
sl .
 Iss-12 1.7
— 20
= Very
-  55-13 Moist 1.6
23 )
L BS-14 3.6
— Drk. Red [Moisce Loveland Loess, silty clay,
™ 30 Brown more clay than before T
- horizonzal layering,
- texture. getting blocky _
- pPSTiSto- Lt. Red lsiigily 3.1
i Brown Moist
'-35 - -
. Froject
r' Vo | . . NRD Nitrate Study
« G n Location :
¥ SEB '.B[: n{ﬂa . Polk County, Nebraska
Job No, - oota
| Y g ETVIGES ING. 1805228 . . 12/11/90

fom 218 /40

c-2




Farm 3183 108

c-10 "

BORING LOG

JAILL HOLE NO, LOCATIONOF DRILL HOLE . | ELEVATION  DATUM DRAILLER LOGGER

DH~4 SE 1 21 TI3N R2 X.C. R.K.
DEP.| SAMPLE| "™ ’ - % ekl o) Fiamist 0 g 21 o . GECLOGIG ca.].% | Nitrace DEP

3 w LA . . PTION SRS I :
r R thspé %Ln‘ D CCN it T [CONSIST e EAEE%}?HEH i S| MG  Nizrogen A
. W ety e . 1 v rwetaa " AEMARKS + Bl ’ pom

:_—_ §5-16 magnesium nodules 3.2 it
. Maist ) —:
- ——
r.:-'_..0 0 =
il pligcy ilty, sandy clay, very fine : ]
—~ | §5-17 Moist sand : 2.5 7
. silty clay —
b 48 . Tha
[ ss-18 2.4 =
E— silty, sandy clay, changing Lo_:

-2 to clayey silty sand, find —
i poorly graded at 52' o -—
- 1ss-19 ' 1.3 -
s 2 =
o Olive Gr/ siley clay, fac c¢clay, small —_
il _ sesms of fine sand, Love- .
— | 55~-20 land Formacion Alluvium 2.4 e
C o 80-=
will Hard ' -
—~ —
L |ss-21 4.3 iy
il Very Larger sand seams than -_—
- g% Moist before 1es —
- Moilst -
:_: Lt Olive Glacial till, Kansas till, _
- {55-22 Gray very stiff, blecky texmrs 3.2 iy
- large calcaricus concre- ) L T
e tions, seams of calcium, -
— 10 silty sandy clay, perched ;r::__
il vater, seams of fine sand R—
™ i poorly graded up to 5' ' -_—
— 1S5-23 thick 3.1 -
= 1 Wet —
- 7% _ La-Siay

_ Project
r ' 1 - NRD Nitrace Setudy
Ry |Geotechnical [
Sgwiues lnn Polk Countw, Nebraska
Job Neo. _ . Date .
Qg - 1805228 12/11/80



BORING LOG

L 11OLE MO, LOCATKIN OF DAL HOLE ELEVATION DATUM DRANLER LOGGEN
n SE { 21 T1JN R2W E.C.’ R.K. |

ner. sammE! W | % GEQLOGIC . % | Nicrace | oer

nl| NS . m MCIST JCONSIST] & OTHER L] Nitrogen cLass | v

TYPE | FT REMARKS ppm

[ | 35-24 2.3 -
- ao no -
- Boctom of Hole 80° -
s as =
=, oo -
- os 98 ~
- 1ol 100~
e * -
C os 109~
- ‘_:
—_ -
::‘I-IO TI10T
- . —
—115

s
-
1.3

L}

ES

P |

keotechnica

Servicesine.

Project

NRD Nitrate Study

Location

Polk County. Nebraska

Job No.

Date

Favrm 114-3 1/48

1805228

C-<11

12/11/90




BORING LOG
DRILL HOLE NQ, LOCATION QF DRILL HOLE ELEVATION DATUM - DRILLER LOGGER
DH=$ SE 1 17 198 ’7y - ’ xe R
WATER LEVEL OBSERVATIONS RALL XA LTV
. WHILE ENDOF . 20HOURS . -] 5.y h e 1d i
orLvG | - -omuunG | ArTER oRILING | ouRs | | Corniie ST SEO 3% s
96 96 - 6" Conti{nuous Flighe Auger 100.0
SAMPLE DATA SOIL DESCRIPTION LABORATORY OATA
DEP.ISAMPLE| N | % . - GEQLOGIC % oE?
P | NOLA Lcwsjﬂecw coLor | | MoisT jconsisT] o MS N::“’ 2 louss [ R
TYPE T X .. REMARKS Togen
L oom -
— | ss- . 4.2 Ly | ==
— | ss-2 Dk Br. _|Moise| Firn | Topsoil highly organic 2.3 -
- 1.7 e
i3=l Lt Br, PEORIAN LOESS —
— 1 55-4 w/ calcarious concraticns 1.3 -—
- s} 55-5 Rusc and carbon stains 1.3 5 ™
— $5-6 Horizoncal Layaring 1.1 -
- Weathered wvith gray 2.6 2
S5l Unweathered streaks —
[ [ 55-8 . 1.9 i
- | §5-=9 . 2.3 -
™ 10 8510 : 2.4 10
— | ss-11 1.8 —
. —
—_ S5-12 Ftoisg =
- - Perched water atop the Love- 3.1 _
- land formation soils. -
™ 20 ' Fee] -
udd —
L ed-3zr. Moasc - -3
— LOVELAND LOESS 2 —
e _ increasing clay content -—
™ | 85-13 2.9 hn
~ 28 l2s =
- -
— . -
- —
= = ' =
| | S55-~14 t Red=-3r, silty ciayey sand, fine- 2.6 (scL} —
nill ) poorly graded : ' —
™~ 30 o
= =
— |ss-15{ : 2.1 - —
= silty clay (cL) —
- 35 _ ) 35 —
Project |
- NRD Nitrate Studv
h EEUIEBnnlBa Lmuo!:amiiiton County, Nehragka l
7 ®_ | ServicesIne. - [
- 1805228 - 11/26/90

Farm 218 188

C-12



BORING LOG

JAILL HOLE NO, LOCATION GF ORiLL HOLE ELEVATION DATUM : LOGGEN
1
DH-5 SE! 33 12% RW ' ) 'ORK
DEP.|{ SAM L % e Soe TR e Nitrace s |°F
R | Wo.a pLowsneco COLOR S| ¥itrogen Quss |
. . K 2]
= lss-16 Red=8r Moistc | Firm | Loveland 1.1 (CcL) _
will Olive Gr -_
- w/ more sandy seams up . _
— to 2 thick -
- 40,
— [ss-17 . 2.5 . =
e (sC) | _
— 43 fine poorly-gradad sand 45
C— Lt Br : :
— |55-18 : ' | 2.0 ,
o - | s -
= | s5-19 : ‘ 1.9 (8P |
wil : fine sand, poorly graded -
= 85 . : y 33
= | ss-20 . ' 2.5 -
C o 50
- ]ss-21 : | . 2.6 -
C as 63
— | ss-22 . : 2.9 -
o ) 70
- Red=-Br Large rust stains mixad * (sC | _
- ) evanly in clay sand mix, . .
— [SsS-23] . . some gandy seams -
— 5.4 -
= _ -
' _ Project NRD Nitrate Study
‘ i h ( Eeﬂteﬂhmﬂa . ten H_amiltuﬁ County, Nebraska .
Ah 4 9BIVICES INE. % 105220 Date 11726790
Famn 714 2 108 .
g=-13




| BORING LOG
INILL HOLE NO, LOCATION OF DAILL HOLE ELEVATION DATUM ORILLER LOGGER
DH=5 SE § 33 128 R7W K.C. R.K. .
DEP. : SGECLOGIC - "+ " | a | Nicrace oep
‘ DESCRUSTION
" ~T$ pé L ows*nzc:cw coor | moust fconsist] 2 OTHER MC INitrogen |GWASS| Mt
REMARKS pom
- | 55-24 Red-Lt Bt Moist Firm| Iron Nodulas . 2.8 -
- - CL) | Z
= -
— ac . g -
il Back to fine sand s, | =
C {55-25 -
— 2.2 -
o as -
- [ss-26 2.5 -
— oo -
[ |55-27 2.5 -
— Mulci- Sac. |[Firm |Pleistocene A‘8'!- Alluvium (swW) | —
wi.z Colored . ' aands and gravel 95 =
— {55-28 1.8 :
oo Bottom of Hole 100.0° oo
C_ _—
os o5
:1“15 : e
) : Project
- NRD Nicrate Study
‘1 Geoiechnical (&=
- Hamilton County, Nebraska.
Job No. e
< A A SBPUIBES lnB. 1805228 -11/26/90
Form 3103 1/08 -




Red-Br |Moist|Firm {1 OVELAND FORMATION
silty, sandy clay

_ sand dispersed evenly
iron azains

. magnesium nodules
§5=-13 1.3

BORING LUG
DRILL HOLE NO. . LOCATION OF DRILL HOLE ELEVATION ORILLER LOGGER
 DH-6 Sw i 26 TBN RN x _r 2%
WATER LEVEL OBSERVATICNS RALLER17 L1 - PRI
WHILE, . | ENOOF - .[. 24HQURS ~ . v mne: | Cornfield GEO 88
ORILLING DRILUNG | AFTER DRILLING | e T vy
48° 48° 6" Continuous Flight Auger 60
SAMPLE DATA SOIL DESCRIPTION LABORATQRY OATA
DEP.{ SAMPLE| “N° % N ST I .. et GECLOGIC o - pep
"] noa meﬂsccv " cotor | ot iconsist] - 7 L DESGRIPTION. MG - N:::uu cuss |
TYPE | FT O N S SO rogen
. - REMARKS oom

- | ss-1 '_Top soil, roots, highly 13.3 ey | —
~_ ! 552 Drk Br _{ Moiad Firm | nTRANiC : 8.7 —
p= §5-13 Lz. Br PEORIAN LOESS .o 4.5 T
- SS—4 Holse | FArm ) o) ruse and carbon scaine | 4.0 -

TS : Lrg. calcarious concredons T —
w_ 5

iron nodules

- | S5-6 . _ 5.6 =
- §3-7 | o : _ ' 5.2 _
- §5-9 4.0 =
= 10l 891 ) 4.7 14 ™
- More Iron than before - 1
? ss-ll . . . . b . ’ 5-5 “_:
= 151 - 15
™ iss~-12 : 3.4 e

g
d
|

Olive gT.|[Moist [Very {KANSAS TILL ' (CLCH
Stiff| w/ calcarious concretions

highly expansive . ,
Ss-14 ' 4.9

[ )
||’|||1h“1|1|1|:

-
("
(e

|

LLololif

A sand seam from Jl° to 33’

55-13 - ' 3.8

T TR

!
]

s
1

Project

e: GEMBBHHIBB umr‘ui‘rate Sgudy

Fillmore County, Nebraska

4 h A SEI‘VIBES In[:. -{4ob No. Date

1805228 .11/27/90

Fern 218 /08

Cc=-15 -




BORING LOG
DRILL HMOLE NOQ, LOCATION OF ORILLHOLE - ELEVATION - DATUM DRLLER LOGGER
=6 sw .} 26 T8N RIW ' L kL 2.E,

loeplsampel ~ | % | ooona i) nee - 'GEOLOGWICG”' wlo, ol % |0 Nitrace oEP
Ll Nad FL VSRECOM ** COLOR D LOTHER =ox + . .| M [ .Nitrogen |CASS | P

TYPE | FT | el | N - v AOTHER Cowl = tro
— |ss-16 ) 4. -
S b Olive  Moist Nery ° -1 .
all Gray Fciﬁ bt
== 40| . 40
o 1' sand seam From 40'to 4l’ ] -
— |ss-17 3.4 =
s 45 —
~ Many calcarious seams up —
— to 5' thick. —
~  {ss-18 3.2 e
< Larger calearious concre- 50“'_"
- tionmn, up to 1" in diame- -
s ter —
— 1S5-19 4.3 T
iy : Wec* Some Perched water =]
= a5 T3
= Bs-20 36 =
:m Boctom of Hole 60' 60
ngy =
—
- —
— # Perched Water . gt
- ! e
. . o
=N i

Project .
r L P . NRD Nitrate Study -
B | Geotechnica Location - -
p ; Fillmore County, Nebraska
i S | JobNo. - [Date

| Qe Qg EFVIGBS INEG. 1805228 11/27/90

Farm 141 140

C-15



BORING LOG
ULL HOLE NO, LOCATION QF DIILL HOLE ELEVATION DATUM DRILLER LOGGEN
DH-7 Z 3 NE L 22 TI1IN RJE ' X.C. R.K.
WATER LEVEL OBSERVATIONS LT T Y LY
WHILE . ENDQF . .l 24HOURS - J.. . oy pets Pasture . ' GZOo 38
QRLLING RIULLING ' AFTEROFUU.WG — T LTINS V] 1Ay g e
78.5
78.5 Wat Cause - £ Conrinmiiaie F1{iohe 2eT -[ed
SAMPLE DATA . SOIL OESCTMPTION LABORATCRY DATA |
DEP.{SAmPLEl N | x- ) GEOLOGIC . . . » Nitrate pEP |
r. | NO.& plowsinecov] coor | morst icousist -V S I T I ciass | P
oo A R : n;:sen
- 5s-1 sl ghoiy . 2.6 -
- pS-? Drk. Br miqriFi{em 11" Ton «pndil gracs. voots - —_
. - .o 1.0 -
, iJ Le. Br Peorian Loass, lean clay, -_—
= 55-4 1.0 -
. Tusc, carbon stains, root -—_
3558 holas, horizental layerhg n.9 -
[~ I55-6 ~ 1.0 -
o 55—7 V.o -
. 53-8 0.7 -
b [55-9 9.7 —_—
~ 19lss-10 ‘ . e.7 fro -
~ Moistc . -
—— [ss-11 0.3
=15
L IS5-12 . 0.9
e 2 .
i Red-Br Loveland Loess, more clay
— than befors, some very )
- [S5-13 : fine sand mixed in 1.2
= 2%
[ 55-14 . ’ : 2.1
:—m
— |ss-15] - ' S 1.5 1=
--__35 . fas -
Project
: ; » NRD _Nirwars Srudy
°1 Geotechnical [P o
deulnd Sevard County, Nebraska
s " JJobNo. Cate '
w2 | Bervices Inc. 1805228 11/30/90

Fam s

c-17




BORING LOG
SPULL HOLE NQ. LOCATION OF DIILL 1 IXLE ELEVATION OATUM + DRAILLEA LOGGER
H-7 ﬁ: } NE 1 22 T1IN R2E - . K.C. R.X,

DEP.SaMPLE] N | % foch o e s gin ) = | Nierace | o [OFF
S e A

— pom
- Red-gor NoasL FLrm
. . Loveland Formatiom, silty . =
— |55-16 sandy clay, [ine sand with 1.3 -
e occasional pebble rounded . -
- Lt. red=-Br] . Alluvium -
- 4o . . 40
:—u- 5—17 - 0-9 " T —
- ’ sand {ine, poorly graded -
— 48 vith coamer seans.5' to 1' s -
-  thick ) R
- silty, sandy clay, course . -
™ Es-18 | sand 1.2 ~
= sand, fine with coarser -
= seams -
.50 ) =t
- silty, sandy c¢lay, sand -
— wvell-graded . : _
s, 55_19 o " l.l
s ss
- ps-20 sand well-graded 0.9 -
_— . s
ull sand, fine, poorly graded i -
. 55-21 . 0.6 -
.._55 s
. |s5=-22 : ’ - . 0.9 -
el ‘6 clay layer L IZ
~ Well-graded .
— |ss-23] : 0.6
s : 7

Project _
1 - ‘ NRD Micrate Study
v 'Ennnlca LouucnSe'vard Cc'mncv Nebr-aska
9ervicesInc. e "~ [oas .
AT d H1IL. 1805228 11/30/80

fam 2107 188 c

c-18



BORING LOG

oL, HOLE NOQ, LOCATION QF DIuLt, 1/OLE ELEVATION DATUM DAILLER LOGGERN

DH-7 £ § NE } 22 TLIN R2E ~ o K.C.. " R.K.

|samPee| v | % - s Nitrate cee
. DESCRIPTION | - . :

Now;: o COV| COLOR | MOIST [CONSIST . LOMHER - . - NitTogen | CLASS | ™
, . © REMARKS - ppm

N

$5-24 g 1.0°

I
i

bt

Bottom of Hole 80°

[
I
'

18
'

'KEER

2

bl

8
[

lTl!IllléIl'l‘lll;Ijllllllélllllllléllllllll;lllilllr ?3

B
]

&
|

MM
NEER

1
Iy
-
o
-
-
Q

[

lllllli
WERR

|

-

-

Y]
-
-+
v
1

Pro;ecz

e‘-:" R I = —

Seward County, Nebraska

@ | ServicesIne. [

1805228 ) 11/30/90

Femis ) 148
c-19
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Upper Big Blue SPA Study
SAMPLE NO. SuB- '

SAMPLING DATA
BLANK/OUPLICATE/PEST/SPLIT ' .
Sampled by . Date: 91 Tiee: o -
LOCATION ’ . : _
USBBNRD (01) Legal T.__N.. R.__M.. Sec. , 174 1/4 174
Long Lat Reg. No. o o
Map Hydro. Unit CEleve

e Regional Description: VAL UPL TER LCDEP ORAW :
[T+ 1+1+1 county: Y(185) P(143) F(053) MH(081) €(035) A(001)

PPN

- et Type: Mun Irr Qom Stk Mon .Other
S E e Casing: Con St1 PVC Trans Other .
SERYRREE Locatien: Pit Lowlying NearDrainage High

1 i

PIVOT/OTHER SPR GATE/DITCH
Construction: Orl1 Drivn Dug Well Condition

Depth Screened Interval(s) . Yield
Water Level WL Date Pumping WL Pump Oepth :
Date Orilled (Approx. or Known) =~ Time pumped before sample min.

Source of Info: Owner Reg Orlr Obs Other Logs available Y/N {Back)
Driller Name, Address: '

POINT_ SOURCES

Barnyard ft. of well Active/ldle Cattle/Swine/Poultry/Horse/Qther
Septic f1. of well Uphill/Downhill '

Cther

NONPOINT SOURCES ~ , :
Crops at well CRN SYB SHGUM ALFA BEAN SMGRN POTAT OTHER
Near well: (type.dis.dir)

Pesticides/Fertilizer used: (field, type.amount,app pethod, time)

FIELD DATA
Temperature c Conductivity umho/cm  pH
Hach N03—N ng/1 Triazine POS NEG NA

LAB DATA NDEC labsOther lab
COLIFORM POS NEG NA

ng/1 meq/1 . ng/1 meq/1 ‘ Pesticide
Nitrate-N Sodium type:
Chloride’ Magnesium conc:
Sulfate Calcium type:
Bicarbonate Potassium conc:

. : © type:
fonic Balance: X ; conc:
WELL OWMNER/OPERATOR
Name: Resuits to be sent Y N

Address:

o
1
~
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Appendix F. Approximate Sampling Locations by County
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Appendix G. York Ground Water Recharge
- Demonstration Project Data
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