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CONVERSION FACTORS

Multiply By To obtain

acre 

acre-foot

foot (ft)

2 foot squared per day (ft /d)

cubic feet per day (ft /d)

gallon per minute (gal/min)

inch (in.)

mile (mi)

4,047

1,233

0.3048

0.0929

0.02832

0.06309

25.4

1.609

square meter 

cubic meter

meter
o 

meter squared per day (irT/d)

cubic meters per day 

liter per second 

millimeter 

kilometer

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as 
follows:

°F = (1.8x°C) + 32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as 
follows:

°C = (°F-32)/1.8

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 
(NGVD of 1929) a geodetic datum derived from a general adjustment of the first-order 
level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
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Geohydrology and Water Quality of the North Platte 
River Alluvial Aquifer, Garden County, Western 
Nebraska, 1993-94
ByG.V. Steele 1 , J.C. Cannia2 , andJ.S. Stanton 1

ABSTRACT

In 1993, the U.S. Geological Survey and the 
North Platte Natural Resources District began a 3-year 
study to describe the geohydrology and water quality 
of the North Platte River alluvial aquifer near Oshkosh, 
Garden County, Nebraska. The objectives of the study 
were to describe the geohydrology of the alluvial aqui 
fer near Oshkosh, to establish a well network for long- 
term monitoring of concentrations of agricultural 
chemicals including nitrate and herbicides, and to 
describe the water quality of the aquifer emphasizing 
agricultural chemicals.

Fourteen monitor wells were installed at 11 sites 
near Oshkosh. The geohydrologic properties of the 
aquifer were estimated from water-level measurements 
plus short-term constant-discharge aquifer tests near 
two monitor wells. Water samples were collected 
approximately bimonthly and analyzed for specific 
conductance, pH, water temperature, dissolved oxy 
gen, and nutrients including dissolved nitrate. Samples 
were collected semiannually for analysis of major ions, 
and annually for triazine and acetamide herbicides.

Aquifer tests indicated hydraulic conductivities 
ranging from 169 to 183 feet per day and transmissivi- 
ties ranging from 12,700 to 26,600 feet-squared per 
day. The average specific yield was 0.20. Ground- 
water flow velocities were estimated to be about 1 foot 
per day.

Ground water in the study area varied between a 
calcium and sodium bicarbonate type. Calcium was the 
predominant cation in wells in Lost Creek Valley and 
generally just downgradient from it, whereas sodium 
was the predominant cation in a few scattered wells.

^.S. Geological Survey, Lincoln, Nebraska.
"North Platte Natural Resources District, Gering, Nebraska.

Nitrate concentrations in water samples from the 
monitor wells ranged from 1.5 to 56 milligrams per 
liter as N, with median concentrations, by well, ranging 
from 1.7 to 50 milligrams per liter as N. Nitrate concen 
trations exceeded the U.S. Environmental Protection 
Agency's Maximum Contaminant Level of 10 milli 
grams per liter for drinking water in at least one sample 
from 7 of the 14 monitor-well sites. In addition, ground 
water from Lost Creek Valley, north of the study area, 
may be diluting concentrations of nitrate near Oshkosh.

Nitrate concentrations in water samples fron 
wells near the upgradient and downgradient ends of the 
study area generally did not exceed the Maximum Con 
taminant Level of 10 milligrams per liter. Results of 
rank-sum tests indicate that there is a significant differ 
ence between nitrate concentrations in the North Platte 
River and water samples collected from the farthest 
upgradient well. This indicates that nitrates in the 
ground water probably were not derived from the 
North Platte River. Nitrate concentrations increased in 
water samples collected from most sampling internals 
of the three multilevel sampling wells from May 1989 
to February and August 1994.

Analyses for eight triazine and acetamide herbi 
cides and two atrazine metabolites showed that atrazine 
was detected in 10 of 34 ground-water samples (29 per 
cent). The atrazine metabolite deethylatrazine was 
detected in 18 of 34 ground-water samples (53 per 
cent).

INTRODUCTION

Nitrate concentrations exceeding the U.S. Envi 
ronmental Protection Agency (USEPA) (1996) Maxi 
mum Contaminant Level (MCL) of 10 mg/L 
(milligrams per liter) as N for drinking water, in th^ 
alluvial aquifer near Oshkosh, Garden County,

ABSTRACT 1



Nebraska, are a major concern for both the citizens of 
the area and the North Platte Natural Resources District 
(NPNRD). Nitrate concentrations exceeding the MCL 
were first identified near Oshkosh in samples collected 
by the NPNRD in 1988. A nitrogen isotope study com 
pleted in 1989 by the Conservation and Survey Divi 
sion of the University of Nebraska-Lincoln (Mary 
Exner-Spalding, University of Nebraska-Lincoln, writ 
ten commun., 1991) determined the source of the 
nitrate concentrations greater than the MCL to be com 
mercial fertilizer applied to irrigated fields. The allu 
vial aquifer is used as a source of water for the 
municipal supply of Oshkosh, as well as for rural sup 
plies. Nitrate in water poses a potential health threat; 
however, the extent of the nitrate, as well as basic geo- 
hydrologic characteristics of the aquifer near Oshkosh, 
were poorly defined. In 1993, the U.S. Geological Sur 
vey (USGS) and the NPNRD began a 3-year coopera 
tive study to determine the geohydrology of the alluvial 
aquifer near Oshkosh; to establish a network of wells 
for long-term monitoring of agricultural chemicals in 
the aquifer; and to describe water quality of the aquifer, 
emphasizing agricultural chemicals (nitrate and herbi 
cides). Results will provide an improved understanding 
of geohydrology and water quality in alluvial aquifer 
settings.

Purpose and Scope
The purpose of this report is to document the 

geohydrology and water quality of the alluvial aquifer 
near Oshkosh, Garden County, Nebraska. The geohy 
drology aspect focuses on hydraulic properties and 
ground-water flow. The water-quality aspect focuses 
mainly on major ions, nitrate, and triazine and aceta- 
mide herbicides. Most of the geologic nomenclature 
used in this report is that used by the USGS; however, 
some terms, such as Ogallala Group, are based on 
nomenclature used by the University of Nebraska-Lin 
coln.

Site Identification

Three different methods of site identification are 
used to identify ground-water stations in this report. 
The first method, USGS site identification, is a 15-char- 
acter number derived from the international system of 
latitude and longitude. This number contains no blanks 
or alphabetic characters and generally is used as an 
internal control number. Although the station identifi 
cation number is initially derived from the site location, 
the number is an IDENTIFIER and not a LOCATOR.

The station identification number is a pure number and 
has no locational significance (Mathey, S.B., ed., 1990, 
p. 2-10).

The second method, field identification, is based 
on the aquifer in which the well is developed, or for 
existing monitor wells installed by the University of 
Nebraska-Lincoln, a modified version of the previous 
field identification. In the field identifications for all 
new monitor wells, the first two letters denote the aqui 
fer in which they were developed NP fcr North Platte 
River Valley and LC for Lost Creek Valhy. The next 
two letters, GC, were used to designate Garden County. 
Numerical designations generally were assigned from 
northwest (01) to southeast (11). If the site contained 
two wells, a succeeding letter was used, S for shallow 
and D for deep.

Multilevel monitor wells installed by the Univer 
sity of Nebraska-Lincoln in 1989 kept rrodified ver 
sions of the field identifications originallv assigned by 
Mary Exner-Spalding (University of Nebraska-Lin 
coln, written commun., 1991) ! OSH, 2 OSH, and 
3 OSH. For this study, two additional letters, ML, were 
added to indicate a multilevel well, and Exner-Spald- 
ing's numerical designation was placed after the five 
letter designation. Thus, Exner-Spalding's 1 OSH 
became OSHML1. In addition, a succeeding number 
(1 through 8) was added to denote the shallowest 
(1) through deepest (8) monitor wells.

The third method, well location, was assigned on 
the basis of land subdivisions in the U.S. Bureau of 
Land Management's survey of Nebraska. The numeral 
preceding N (north) indicates the township, the 
numeral preceding W (west) indicates the range, and 
the numeral preceding the terminal letters indicates the 
section in which the well is located (fig. 1). The termi 
nal letters, designated A, B, C, and D, denote the quar 
ter section, the quarter-quarter section, the quarter- 
quarter-quarter section, and the quarter-quarter-quar 
ter-quarter section. The designation is given in a 
counter-clockwise fashion beginning with "A" in the 
northeast corner of each subdivision. If two or more 
wells exist in the same subdivision, they are distin 
guished by adding a sequential number to the well 
number. Sequential numbers are assigned by the order 
in which the wells are inventoried.

Geohydrology and Water Quality of the North Platte Alluvial Aquifer, Garden County, Western Nebraska, 1993-94
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Well Number 

17N 44W29DAAA1

Figure 1. Well-numbering system.
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Previous Investigations

Previous investigations described the geology 
and topography of the paleovalley underlying the 
present day North Platte River. Darton (1903) 
described the alluvium overlying the older incised bed 
rock formations. Darton also reported on flow charac 
teristics in the alluvial deposits and in the underlying 
Brule Formation. The Missouri Basin State Associa 
tion (1982) drew maps of the transmissivities and 
stream depletion factors in the North Platte River Val 
ley. Diffendal (1982, 1983), Diffendal and others 
(1985), and Swinehart and others (1985) reported on 
the general features of paleovalleys in western 
Nebraska.

Other investigations described the water quality 
in Garden County. LaBaugh (1986) described the water 
quality of the lakes in the western Sandhills of 
Nebraska. In 1990 Mary Exner-Spalding (University of 
Nebraska-Lincoln, written commun., 1991) studied 
nitrogen isotopes in the ground water of the alluvial 
aquifer near Oshkosh, Nebraska. Gosselin and others 
(1994) reported that the alkali lakes region of the 
Nebraska Sandhills, Garden County, is diverse in water 
quality. Verstraeten and others (1995) described the 
ground-water quality in the NPNRD.
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DESCRIPTION OF STUDY AREA

The study area lies in the North Platte River Val 
ley, flanking the town of Oshkosh in southern Garden 
County, Nebraska, extending from approximately 5 mi 
(miles) northwest to 7 mi southeast of the town (fig. 2). 
The regional slope of the land surface is from north 
west to southeast, which also characterizes the predom 
inant direction of ground- and surface-water flow. Land 
use is predominantly rangeland and irrigated and non- 
irrigated agriculture.

The study area lies in the Highlands Plains Sec 
tion of the Great Plains Province (Fenneman, 1946). 
Well-developed drainageways have been incised in the 
underlying bedrock by perennial streams, the North 
Platte River, and ephemeral or seasonal streams. Most 
of the study area is well drained.

Climate

The climate of the study area is semiarid. The 
area is characterized by severe winters and hot sum 
mers, with less annual precipitation than areas lying 
farther to the east. In the study area, the agricultural 
growing season is about 130 days, generally from mid- 
April to late September. The 30-year average annual 
precipitation, as of 1993, was 17.04 in. (inches) 
(National Oceanic and Atmospheric Administration, 
1994), which occurs mainly as rainfall from storms 
during May and June. July generally is the hottest 
month of the year when the temperature ranges from 
50 °F (degrees Fahrenheit) to 90 °F. January generally 
is the coldest month of the year when the temperature 
ranges from 10 °F to 40 °F (Olsson Associates, 1993).

Hydrologic Setting

The aquifers described in this report are those in 
unconsolidated Quaternary alluvial and eolian deposits 
and in the bedrock formations directly underlying the 
Quaternary deposits (table 1; figs. 3 and 4). The princi 
pal aquifers in the study area are in the undifferentiated 
alluvial deposits in the valleys of the North Platte River 
and Lost Creek. These aquifers are part of the regional 
High Plains aquifer and generally are unconfined. 
Localized clay lenses are commonly found in these 
aquifers, but are not sufficiently extensive to confine 
the aquifers.

The varied landforms in the study area are con 
trolled by the geologic units from which they were

Geohydrology and Water Quality of the North Platte Alluvial Aquifer, Garden County, Western Nebraska, 1993-94
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Table 1. Aquifers in Cenozoic-age stratigraphic units, Garden County, western Nebraska 

[Modified from Swinehart and others, 1985; >, greater than; <, less than]

System Series

Quaternary Holocene, 
Pleistocene

Hydrogeologic 
unit

Aquifer in 
undifferentiated 
alluvial deposits

Maximum 
thickness, 

in feet

>200

Hydrogeologic 
characteristics

Undifferentiated sands and gravels in the North 
Platte River and Lost Creek Valleys; sands, silts, 
and minor amounts of gravel from locally derived 
colluvium. Transmissivity ranges from 2,700 to 
67,000 feet squared per day. Wells are capable of 
yielding up to several thousand gallons per minute.

Tertiary Miocene Aquifer in
Ogallala Group, 
Ash Hollow Forma 
tion

Oligocene

Eocene

Generally gray, brown, and reddish-brown fine- to 
coarse-grained sandstones, silty sandstones, sandy 
gravels, siltstones, and locally occurring ash beds. 

<100 Some sediments are poorly sorted. Some carbonate 
cement. Transmissivity ranges from less than 6,700 
to 13,500 feet squared per day. Wells are capable of 
yielding up to 1,000 gallons per minute.

Aquifer in
brown siltstone unit,
Brule
Formation,
White River Group

Aquifer in 
Whitney Member, 
Brule 
Formation, 
White River Group

Aquifer in 
Orella Member, 
Brule 
Formation, 
White River Group

450 
total

Massive brown volcaniclastic sandy siltstones and 
silty very fine-grained sandstones. Mudstones and 
fine- to medium-grained sandstones occur locally 
and generally at or near the base. Ash occurs in 
lower part. Water is unconfined and transmissivity 
rates are highly variable due to local or regional 
fractures and fissures. Wells are capable of yielding 
up to 1,000 gallons per minute locally.

Massive brown volcaniclastic siltstones, mudstones 
and locally occurring fine- to medium-grained sand 
stones. Contains two regionally correlative ash 
beds. Water is unconfined and transmissivity rates 
are highly variable due to local or regional fractures 
and fissures. Wells are capable of yielding up to 
1,000 gallons per minute locally.

Brown to greenish-gray volcaniclastic mudstones 
and siltstones to fine- to medium-grained sand 
stones. Upper part contains thinly bedded mud- 
stones. Lower part contains regionally correlative 
ash bed. Water is unconfined and transmissivity 
rates are highly variable due to local or regional 
fractures and fissures. Wells are capable of yielding 
up to 1,000 gallons per minute locally.

Aquifer in 
Chadron 
Formation, 
White River Group

300

Gray and greenish-gray bentonitic claystones and 
mudstones. Fine- to coarse-grained sandstones with 
locally occurring conglomerates. Generally, a con 
fined aquifer. Wells completed in the Chadron For 
mation can yield up to 1,000 gallons per minute. 
Water from the Chadron Formation is confined, 
considered hard, and generally not used for human 
consumption.

Geohydrology and Water Quality of the North Platte Alluvial Aquifer, Garden County, Western Nebraska, 1993-94
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Figure 4. Generalized hydrogeologic sections in the study area, western Nebraska. Trace of sections 
shown in figure 3.
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made. These units are limited to the unconsolidated 
alluvial deposits of Quaternary age and the bedrock 
formations of Tertiary age directly underlying the 
unconsolidated alluvial deposits (table 1). The Eocene 
and Oligocene White River Group is the oldest group 
of water-bearing rocks that are present surficially in the 
study area. The White River Group is made up of the 
Chadron Formation, and the Orella Member, Whitney 
Member, and brown siltstone unit of the Brule Forma 
tion (Swinehart and others, 1985; Swinehart and Dif- 
fendal, 1997). The Miocene Ash Hollow Formation of 
the Ogallala Group overlies the Brule Formation on the 
uplands. Quaternary alluvial sediments fill the present 
North Platte River Valley that incised the Ogallala and 
White River Groups. An anticline and syncline trend 
ing to the northeast also are present in these groups in 
the western half of the study area.

The alluvial aquifers in the North Platte River 
and Lost Creek Valleys contain similar sizes and distri 
butions of sands and gravels, are hydraulically con 
nected, and are used for domestic use and irrigation. 
Because the two alluvial aquifers are hydraulically 
connected and are similar in both composition and use, 
for this report they are considered a single unit, herein 
after referred to as the alluvial aquifer.

Locally, the part of the Brule Formation that 
underlies the alluvial aquifer is up to 450 ft (feet) thick. 
The Brule Formation overlies and generally serves as 
the upper confining layer for ground water in the Chad 
ron Formation. The clay content of the Brule Forma 
tion, predominantly montmorillonite, influences some 
of the water-bearing properties of the formation. In par 
ticular, the montmorillonite clay commonly swells, 
resulting in reduced permeability (Tychsen, 1954, 
p. 172). Most of the water in the Brule Formation is in 
fissures and crevices (Darton, 1903). The water yielded 
to wells from the Brule Formation is generally only 
sufficient for domestic and stock uses; however, some 
wells can yield up to 1,000 gal/min (gallons per 
minute) locally.

Ground-water supplies in the alluvial aquifer are 
sufficient to yield large quantities of water for domes 
tic, irrigation, and municipal wells. This is evident 
from the many irrigation wells in the North Platte River 
Valley. The alluvial aquifer is the source of all munici 
pal water in the North Platte River Valley in Garden 
County.

Soils

Soils in the study area are derived from alluvial 
and colluvial deposits. Soils found along the valley 
floors are predominantly represented by the Las-Las 
Animas-McCook and Lawet-Elsmere-Gannet Associa 
tions (Dugan, 1984). These associations are generally 
loams to fine sands with permeabilities from 5 to 10 in. 
per hour and very gentle slopes of 0 to 3 percent. The 
soils are generally well drained and extensively used 
for agricultural purposes. The soils found on the 
uplands to the south and north are predominantly rep 
resented by the Bazile-Paka-Thurman and the Jayem- 
Sarben-Valent Associations. These associations are 
fine sandy loams to fine sands with permeabilities sim 
ilar to the associations along the valley floors. The 
slopes generally are 3 to 10 percent; however, in areas 
classified as the Epping-Rock outcrop complex, the 
very fine sandy loam slopes can vary from 30 to 60 per 
cent. The slopes from the uplands to the valley floors 
generally are 9 to 30 percent.

Land Use

Land use in the study area is predominantly agri 
culture and rangeland (table 2; fig. 5). Agriculture is 
predominantly irrigated and nonirrigated row crops in 
the valleys. The crops grown in the study area include 
corn, dry beans, wheat, alfalfa, and hay. Records of fer 
tilizer and pesticide use are not available for Garden 
County, but manure and commercial fertilizers, such as 
anhydrous ammonia and liquid and dry nitrogen mix, 
and many types of pesticides are used throughout the 
study area. Rangelands are located mainly north of the 
North Platte River, in the western end of the study area, 
and on the uplands to the north and south.

Table 2. Land use in the study area, Garden County, 
western Nebraska, 1991

[U.S. Department of Agriculture, Consolidated Farm Services 
Agency, written commun., 1992]

Land use

Cropland

Pastureland/hay

Rangeland

Urban

Total

Number of 
acres

12,400

8,500

4,500

900

26,300

Percentage of 
area

47

32

17

4

100

DESCRIPTION OF STUDY AREA 9
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METHODS

Installation of Monitor Wells

Locations for ground-water-quality monitor 
wells were selected on the basis of the NPNRD's 
water-table map, monitor wells previously installed by 
the University of Nebraska-Lincoln, historical and spa 
tial distribution of nitrate concentrations, land use, and 
irrigation-well density. Specific criteria for location of 
monitor wells included proximity to agricultural lands, 
depth to water table, and the spatial distribution of ele 
vated nitrate concentrations detected in water samples 
previously collected by the NPNRD. In addition, four 
sites were specifically located to monitor ground water 
entering and leaving the study area. After site selection, 
permission to install wells was obtained from the land 
owners.

In April 1993,14 monitor wells were installed at 
11 sites. The 11 new sites, along with 3 of the Univer 
sity of Nebraska-Lincoln's previously installed, multi 
level monitor wells, compose the long-term monitor 
network (fig. 5; tables 3 and 4). The 11 new sites have 
either a single well screened throughout the saturated 
thickness of the alluvial aquifer, or two nested wells 
screened in the upper and lower halves of the alluvial 
aquifer. Each well was constructed of 2.5-in., schedule- 
40 polyvinyl chloride (PVC) pipe. The well screens 
also were made of PVC with number 10 slot. In addi 
tion to the four sites located to monitor concentrations 
of nitrate in ground water flowing into or out of the 
study area, two sites were located near supply wells 
and were used for water-quality monitoring as well as 
water-level monitoring during the aquifer tests.

Monitor wells NPGC01 and NPGC11 were 
located the farthest upstream and downstream in the 
portion of the study area lying in the North Platte River 
Valley. These two wells were used to determine nitrate 
concentrations in ground water flowing into and out of 
the study area. Monitor wells LCGC05 and LCGC06 
are north of Oshkosh and were used to determine if the 
ground-water inflow from the moderately irrigated 
Lost Creek Valley contained elevated nitrate concen 
trations.

All new monitor wells were drilled using direct 
rotary methods and completed to the top of the bedrock 
surface with the exception of the shallow nested wells 
and the three deepest wells: NPGC02, NPGC03, and 
NPGC11. Monitor wells NPGC02, NPGC03, and 
NPGC11 were all completed within the alluvial sands

and gravels, but only to depths of 163 ft, 145 ft, and 
130 ft, respectively.

Hydrologic Data Collection and Analysis

A water-table map, historical data, and two aqui 
fer tests were used to determine the hydrologic proper 
ties of the alluvial aquifer. Historical data included 
lithologic logs from test wells, well registrations from 
registered irrigation wells, and previous reports and 
maps. In 1994, two constant-discharge aquifer tests 
also were conducted to better determine the properties 
of the alluvial aquifer. Lithologic logs from the Univer 
sity of Nebraska test-hole data and registrations of irri 
gation and municipal wells were used to obtain depth 
to bedrock and lithologic features of the alluvial ac in 
fer.

Review of a transmissivity map (Missouri Basin 
States Association, 1982) of the alluvial aquifer in the 
lower North Platte River provided an estimate of tli~, 
range of transmissivity in the alluvial aquifer. This nap 
(scale 1:250,000), developed by the U.S. Army Corp of 
Engineers with assistance from the University of 
Nebraska-Lincoln (Vern Souders, University of 
Nebraska-Lincoln, written commun., 1997), was based 
on the computation of specific capacity of irrigation 
wells in the North Platte River Valley. Although limited 
in detail, the transmissivity map provided useful infor 
mation to substantiate other estimates of the hydraulic 
properties of the alluvial aquifer.

In April 1994, two 24-hour constant-discharge 
aquifer tests were performed to define the hydraulic 
conductivity, transmissivity, and specific yield of tve 
alluvial aquifer better. Each constant-discharge aquifer 
test was set up and analyzed using standard methods 
described by Dawson and Istok (1991), Domenico and 
Schwartz (1990), Driscoll (1986), Freeze and Cherry 
(1979), Kruseman and de Ridder (1990), Lohman 
(1972), Moench (1993, 1994), and Neuman (1975). 
Prior to the tests, in October 1993 and March 1994, 
electronic water-level monitoring instrumentation was 
installed at the two sites used to monitor the water lev 
els, NPGC03 and NPGC08, respectively. This equip 
ment recorded hourly water-level measurements to 
document water-level trends prior to and following the 
aquifer tests. In addition, before the start of each test, 
an additional set of water-level monitoring equiprrent 
was installed in the same monitor wells to define the 
drawdown cone (at logarithmic intervals of 15 seconds 
to 1 hour) during the actual test.

METHODS 11



Table 3. Site identification, field identification, well location, depth, screened interval, and mean water level for single and 
nested monitor wells, Garden County, western Nebraska

[Diameter of all wells is 2.5 inches; USGS, U.S. Geological Survey]

USGS site 
identification

412648102274001

412553102250701

412500102240301

412435102223301

412435102223302

412605102211001

412526102212301

412434102214201

412434102214202

412424102201801

412416102182301

412416102182302

412345102182301

412137102130101

Field 
identification

NPGC01

NPGC02

NPGC03

NPGC04D

NPGC04S

LCGC05

LCGC06

NPGC07D

NPGC07S

NPGC08

NPGC09D

NPGC09S

NPGC10

NPGC11

Well location

17N45W13BCCD1

17N44W20BDCC1

17N44W28CBAA1

17N44W27DCCC1

17N44W27DCCC2

17N44W23ACAA1

17N44W26ABBB1

17N44W35BBAA1

17N 44W35BBAA2

17N 44W36BADD1

17N43W31BDAD1

17N43W31BDAD2

17N43W32CCCA1

16N43W14ACCB1

Mean 1993-94 
Depth below Screened water level (feet 
land surface interval below land 

(feet) (feet) surface)

34

163

145

48

28

70

38

48

28

87

115

65

58

130

14-

! 3-

5-

28-

8-

10-

18-

28-

8-

7-

55-

15-

18-

10-

34

163

145

48

28

70

38

48

28

87

115

65

58

130

31.16

15.35

6.83

4.17

4.14

14.93

5.75

10.29

10.31

12.58

19.32

19.15

17.25

8.24

Includes two sections of solid casing, 103 to 123 feet and 133 to 153 feet below land surface.
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Table 4. Site identification, field identification, well location, and depth for multilevel monitor wells, Garden 
County, western Nebraska

[Well diameter was 0.125 inch; screened interval is discrete; USGS, U.S. Geological Survey]

USGS site 
identification

412500102241801

412500102241802

412500102241803

412500102241804

412500102241805

412500102241806

412500102241807

412500102241808

412526102252701

412526102252702

412526102252703

412526102252704

412526102252705

412526102252706

412526102252707

412526102252708

412549102255401

412549102255402

412549102255403

412549102255404

412549102255405

412549102255406

412549102255407

412549102255408

Field 
identification

OSHML1-1

OSHML1-2

OSHML1-3

OSHML1-4

OSHML1-5

OSHML1-6

OSHML1-7

OSHML1-8

OSHML2-1

OSHML2-2

OSHML2-3

OSHML2-4

OSHML2-5

OSHML2-6

OSHML2-7

OSHML2-8

OSHML3-1

OSHML3-2

OSHML3-3

OSHML3-4

OSHML3-5

OSHML3-6

OSHML3-7

OSHML3-8

Well location

17N44W29DAAA1

17N44W29DAAA2

17N44W29DAAA3

17N44W29DAAA4

17N44W29DAAA5

17N44W29DAAA6

17N 44W29DAAA7

17N 44W29DAAA8

17N44W19DDDD1

17N 44W19DDDD2

17N 44W19DDDD3

17N 44W19DDDD4

17N 44W19DDDD5

17N44W19DDDD6

17N44W19DDDD7

17N44W19DDDD8

17N 44W19DBBA1

17N 44W19DBBA2

17N 44W19DBBA3

17N44W19DBBA4

17N44W19DBBA5

17N44W19DBBA6

17N44W19DBBA7

17N 44W19DBBA8

Depth 
below land 

surface (feet)1

10

15

20

25

30

40

50

60

10

15

20

25

30

40

50

60

10

15

20

25

30

40

50

60

From Conservation and Survey Division, University of Nebraska-Lincoln.
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Furthermore, hand measurements using electronic 
measuring tapes were taken to supplement and back up 
the data recorded by the water-level monitoring instru 
mentation.

Hydrographs of the data collected prior to and 
during the two aquifer tests indicate that natural varia 
tions in water levels in monitor wells NPGC03 and 
NPGC08 were minimal during each test, approxi 
mately 0.01 ft/d (ft per day) (fig. 6); therefore, no cor 
rection was used to adjust the aquifer-test drawdown 
curve.

The two constant-discharge aquifer tests 
involved a 24-hour pumping period for each pumped 
well followed by a 24-hour recovery period. These 
aquifer-test data were used to define the hydraulic 
properties of the alluvial aquifer at the well sites, and 
estimate the hydraulic properties of the alluvial aquifer 
in the study area.

The first constant-discharge aquifer test was per 
formed during April 4-6, 1994 at the irrigation well 
adjacent to and 23 ft southwest of monitor well 
NPGC03. Monitor well NPGC03 is fully screened 
through the alluvial aquifer, 5 to 145 ft below land sur 
face. The irrigation well, installed in June 1975, is 
143 ft deep, has a 16-in. diameter casing, and is 
screened from 52 to 143 ft below land surface. Dis 
charge from the irrigation well during the aquifer test 
was about 318,600 ft3/d (cubic ft per day).

The second aquifer test was performed during 
April 6-8,1994 at the Oshkosh municipal well adjacent 
to and 24 ft north of monitor well NPGC08. Monitor 
well NPGC08 was used to monitor water-level changes 
caused by pumping of the municipal well. NPGC08, 
like NPGC03, also is fully screened through the aqui 
fer, 7 to 87 ft below land surface. The Oshkosh munic 
ipal well, installed in December 1974, is 91 ft deep, has 
an 18-in. diameter casing, and is screened from 39 to 
91 ft below land surface. Discharge from the municipal 
well during the aquifer test was about 193,300 ft3/d.

Following the data collection, each test was ana 
lyzed by determining a matching point on a log-log plot 
of drawdown as a function of time to a type-curve as 
described by Boulton (1963). This match point was 
used in Stallman's (1965) method of analysis for an 
unconfined, compressible aquifer as described by 
Lohman (1972) and Neuman (1975). Because the 
transmissivity and hydraulic conductivity values for 
the discharge and recovery tests are nearly equal, the 
transmissivity and hydraulic conductivity values 
described in this report will be for the discharge test.

However, the average value of the specific yield is used 
in this report because of the wider variance in specific 
yield values determined from the discharge and recov 
ery tests.

Major assumptions required for the aquifer-test 
analysis include a fully penetrating production well, a 
homogeneous, anisotropic aquifer of infinite areal 
extent, and radial flow to the well screen. Other 
assumptions include continuous and constant discharge 
from the pumped wells, constant ground-water density 
and viscosity, an unconfined aquifer that shows a 
delayed water table response, negligible head losses 
through the well screen, and ground-water flow as 
described by Darcy's Law (Dawson and Istok, 1991).

Water-Quality Sample Collection and 
Analysis

For this study, procedures modified from Kolpin 
and Burkart (1991) were used for water-auality sam 
pling and quality assurance. The following describes 
water-quality sampling techniques and analytical 
methods.

Water samples for nitrate analysis vere collected 
approximately bimonthly from 23 of the 38 single, 
nested, and multilevel monitor wells and quarterly 
from the remaining 15 multilevel monito^ wells. Water 
samples to be analyzed for major ions were collected 
semiannually and samples to be analyzed for triazine 
and acetamide herbicides were collected annually. 
Water levels in all single and nested monitor-well sites 
were measured prior to lowering a submersible stain 
less-steel pump into the well. At all single and nested 
monitor wells, the submersible pump was lowered to 
about 10 ft below the water surface. The discharge hose 
from the submersible pump then was connected to a 
flow-through chamber holding the water-quality field 
measurement probes (specific conductance, pH, tem 
perature, and dissolved oxygen). Pumpirg continued 
until all field measurements stabilized to tolerances 
described by Kolpin and Burkart (1991) or until three 
well-casing volumes of water were extracted from the 
well. Stabilization of the field measurements occurred 
following approximately 15 to 20 minutes (min) of 
pumping, sufficient time to flush the equ; valent of at 
least three well-casing volumes from the wells. Water 
samples from the multilevel monitor wells were col 
lected using a peristaltic pump with polypropylene tub 
ing. These wells were pumped about 1 min prior to 
collecting the field measurements and water-quality 
samples.

14 Geohydrology and Water Quality of the North Platte Alluvial Aquifer, Garden County, Western Nebraska, T 993-94
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All unfiltered samples were collected directly 
into polyethylene jars. Samples requiring filtration, 
excluding those for triazine herbicide analysis, were 
collected in a 9-liter polypropylene churn splitter and 
pumped through a 0.45-micron membrane filter using a 
peristaltic pump with polypropylene tubing. Samples 
for triazine and acetamide herbicide analysis were col 
lected in a 1-liter baked-glass jar, pumped through the 
peristaltic pump and a 1.0-micrometer glass-fiber filter 
into a 125-milliliter (mL) baked-glass jar, and immedi 
ately chilled to 4 °C (degrees Celsius).

Samples for major metal analysis were filtered 
and immediately adjusted to a pH of 2 or less using 
1.0 mL of nitric acid and stored at ambient tempera 
ture. Samples for major anion analysis did not require 
filtration and were stored at ambient temperature. Sam 
ples for nutrient analysis were preserved immediately 
with 0.5 mL mercuric chloride and hydrochloric acid, 
and then chilled to 4 °C.

Water samples generally were collected in a 2- to 
3-day period and shipped to the USGS National Water- 
Quality Laboratory (NWQL) in Arvada, Colorado. Tri 
azine herbicide samples collected in 1993 were 
screened at the USGS Nebraska District laboratory 
using an immunoassay technique. Triazine and aceta 
mide herbicide samples collected in 1994 all were sent 
to the NWQL.

Measurements for specific conductance, pH, air 
and water temperature, barometric pressure, and dis 
solved oxygen were made onsite. However, occasional 
equipment failures, especially during the winter 
months, prevented collection of all field measurements 
for all sample periods (table 9, Supplemental Data sec 
tion). Samples were analyzed for major cations and 
anions, nitrate plus nitrite and other nutrients, and 
selected triazine and acetamide herbicides using stan 
dard methods at the NWQL (Fishman and Friedman,
1989). Nitrite (NO2~) is unstable in aerated water 
(Hem, 1985) and usually is oxidized to nitrate in aero 
bic conditions; therefore, because nitrite is seldom 
detected, all analyses for nitrate plus nitrite were 
reported as N.

A triazine herbicide immunoassay kit was used 
to screen an aliquot of each water sample collected dur 
ing 1993 for triazine herbicides (Thurman and others,
1990). Samples containing 0.1 microgram per liter 
((Xg/L) or more of triazine herbicides, and 10 percent of 
the samples with nondetections, were sent to the 
NWQL for analysis using gas chromatography/mass 
spectrometry (GC/MS). GC/MS was used to analyze

all water samples collected in 1994 for triazine and ace 
tamide herbicides.

Nonparametric statistical analysis of the data 
was performed to compare subsets of water-quality 
data. In nonparametric tests, inference is not made on 
the parameter of the original data, but on the parameter 
of the new scale of measurement (Dowdy and 
Wearden, 1991). For these tests the new scale was the 
"ranking" of the data.

For nonparametric testing, data were grouped 
into appropriate subgroups and "censored data" (values 
that are below the reporting limit of the analytical pro 
cedure) were assigned a value equal to one-half the 
reporting limit. Because the tests performed are non- 
parametric and are performed on ranked values, fabri 
cation of the censored data does not affect the test 
results (Helsel and Hirsch, 1992).

The Wilcoxon rank-sum test (Helsel and Hirsch, 
1992) was used to evaluate the data. The Wilcoxon 
rank-sum test compares populations where data are 
independent of each other, such as data collected from 
monitor wells screened at the bottom of the aquifer 
compared with data collected at the top cf the aquifer. 
All statistical analyses used a confidence level of 
95 percent (a = 0.05). A confidence leve1 is the proba 
bility that the test statistic generated for that test accu 
rately defines the populations being tested1 . The p-value 
associated with this particular test is the probability of 
getting a test statistic equal to, or more extreme than, 
the value computed from the data when the null 
hypothesis (differences in the medians of the popula 
tions is zero) is true. If the p-value is less than or equal 
to 0.05, the null hypothesis is rejected and1 there is a sig 
nificant difference between the medians of the two pop 
ulations. If the p-value is greater than O.C 5, the null 
hypothesis is accepted and a significant cWerence 
between the medians of the two populations cannot be 
concluded.

Quality Assurance and Quality Control

Quality-assurance (QA) and quality-control 
(QC) procedures described by Kolpin and Burkart 
(1991) were employed during all sampling periods. 
These procedures involved randomly choosing a mon 
itor well from which a replicate sample was collected, 
and running an equipment blank using deionized water. 
About 7 percent of the samples collected were for 
QA/QC analyses and procedures. The values for all 
replicate analyses for nitrates and other constituents
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were within 7 percent of the values for the original 
analysis.

The QA program at the NWQL includes partici 
pation in an interlaboratory evaluation with the 
USEPA, and submission of blind standard reference 
water samples into the NWQL sample stream (Fried- 
man and Fishman, 1982; Jones, 1987). Bottles and pre 
servatives used for sampling were subjected to QA 
tests to reduce the chance of contamination. Cation- 
anion balances were calculated for each complete anal 
ysis to ensure major-ion balance and internally consis 
tent data. Samples were reanalyzed by the NWQL if 
the cation-anion ionic charges did not balance within 
5 percent of each other.

GEOHYDROLOGY OF THE ALLUVIAL 
AQUIFER

Hydraulic Properties

The hydraulic properties of the alluvial aquifer 
were determined by evaluation of historical 
data drillers logs, well registrations, previous 
reports and data collected during this study litho- 
logic logs from the monitor wells and results of the two 
constant-discharge aquifer tests. Historical data and 
lithologic logs of wells drilled by the USGS and the 
University of Nebraska-Lincoln indicate the thickness 
of the alluvial aquifer varies with location (fig. 7). The 
saturated thickness of the alluvial aquifer varies gener 
ally from 0 to more than 200 ft and is largely dependent 
upon the altitude of the bedrock (fig. 8).

Water-level data also were used to estimate some 
of the hydraulic properties of the alluvial aquifer. A 
water-table map (fig. 9), constructed from spring 1993 
ground-water level data collected from all 14 monitor- 
well sites and about 65 registered irrigation wells in the 
North Platte and Lost Creek Valleys, was used to deter 
mine the hydraulic gradient in the study area. The 
regional hydraulic gradient in the alluvial aquifer, as 
defined by spring 1993 data, was estimated to be about 
0.0012 ft/ft or about 6.5 ft/mi.

In general, substantial variations in the hydraulic 
properties exist throughout the alluvial aquifer. These 
variations largely are due to the horizontal and vertical 
differences in size, distribution, and thickness of the 
sand and gravel deposits. Any or all of these differ 
ences can, and do, occur within hundreds of feet. More 
over, reports on alluvial systems in western Nebraska

by Darton (1903) and western and central Kansas by 
Sophocleous (1991) suggest that hydraulic conductivi 
ties in alluvial aquifers vary vertically as well as 
areally.

Similar to the systems described by Darton 
(1903) and Sophocleous (1991), lithologic logs of the 
monitor wells (tables 13-23, Supplemental Data sec 
tion) show evidence that the alluvial aquifer probably 
contains highly transmissive channels. These inferred, 
localized, highly transmissive channels could greatly 
affect the overall hydraulic conductivity and transmis- 
sivity of the aquifer. However, no attempt was made in 
this report to differentiate hydraulic conductivities of 
individual sand and gravel lenses. The transmissivities 
of the clay lenses were not considered to be part of the 
regionalized transmissivity.

Analysis of the aquifer-test data at both test sites 
showed that water-level changes in each monitoring 
well occurred almost instantaneously with the start-up 
of the production well. In addition, most of the draw 
down in the monitor wells at each test site occurred 
during the first ten minutes following the start of the 
tests (figs. 10 and 11). Likewise, at both test sites, most 
of the recovery occurred during the first ten minutes 
after pumping ceased. Indications that the alluvial 
aquifer is unconfined were determined from analysis of 
the aquifer-test data. The start of a delayed-yield curve 
appeared at both test sites after about 100 minutes of 
pumping and recovery (figs. 10 and 11). This curve, 
which is typical of water-table conditions, represents 
Boulton's (1963) delayed yield type-B curve for aqui 
fer tests in unconfined systems.

Evaluation of the aquifer-test data also indicates 
that the hydraulic properties of the alluvial aquifer dif 
fer between the two test sites (table 5). The horizontal 
hydraulic conductivity for the alluvial aquifer varied 
slightly, 169 ft/d at NPGC08 and 183 ft/d at NPGC03 
(table 5). Because the saturated thickness at monitor 
well NPGC08 (75 ft) is about half that of NPGC03 
(145 ft), the transmissivity determined at NPGC08, 
12,700 ft2/d (ft-squared per day), is about half that 
determined at NPGC03 (26,600 ft2/d) (table 5).

Results of the two aquifer tests are in agreement 
with historical data. Published historical data show 
some transmissivity values greater than 26,000 ft2/d in 
the deeper parts of the alluvial aquifer (Missouri River 
Basin Association, 1982). These transmissivities are 
similar to the transmissivities determined by analysis 
of the aquifer-test data at monitor well NPGC03.
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Figure 10. Water-level change as a function of time for monitor well NPGC03 during aquifer test 
from April 4-6,1994, in the study area, western Nebraska.
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Table 5. Constant-discharge aquifer test results for monitor wells NPGC03 and NPGC08, Garden County, 
western Nebraska, April 1994

[ft/d, cubic feet per day; ft /d, feet squared per day; ft/d, feet per day;  , dimensionless]

NPGC03 NPGC08

Aquifer characteristic

Discharge

Transmissivity

Hydraulic conductivity

Saturated thickness

Specific yield

Units

frVd
ft2/d

ft/d

ft
-

Discharge test

318,600

26,600

183

145

.15

Recovery test

0

26,700

184

145

.53

Discharge test

193,300

12,700

169

75

.04

Recovery test

0

12,800

171

75

.09

Therefore, using the calculated hydraulic conductivity 
from monitor well NPGC03, transmissivities in the 
alluvial aquifer at locations 200 ft and thicker than 
200 ft could be larger than 36,000 ft2/d.

The high hydraulic conductivity (169 and 
183 ft/d) and transmissivity (12,700 and 26,600 ft2/d) 
values, as determined from the two constant-discharge 
phases of the aquifer tests, suggest that the alluvial 
aquifer is transmissive enough to be susceptible to con 
tamination from nonpoint sources. As seen in table 5, 
the recovery phase of the aquifer tests varied little from 
the discharge phase.

Vertical hydraulic conductivities were not mea 
sured directly. Estimates of the ratio of horizontal ver 
sus vertical hydraulic conductivities were made for 
input into Moench's (1993) algorithm to generate the 
type curves used in the analysis of the aquifer tests. 
Using these data, the ratio of horizontal to vertical 
hydraulic conductivities varied from 0.3 at NPGC03 to 
0.1 at NPGC08. Thus, local vertical hydraulic conduc 
tivities in the alluvial aquifer may range from about 17 
to 55 ft/d, dependant upon local conditions.

Specific yield is used as an indicator for the 
amount of water that a well can yield; the higher the 
specific yield, the greater the volume of water the aqui 
fer can produce. Specific yield in unconfined aquifers 
typically range from 0.01 to 0.30 (Freeze and Cherry, 
1979). Higher values of specific yield commonly are 
associated with medium to coarse sands and may be 
due, in part, to the fact that sands normally have a more 
uniform size distribution than gravels (Johnson, 1967). 
The lower specific yield value for the discharge phase 
of the aquifer test at NPGC03 (0.15, table 5) is substan 
tially different than the higher specific yield value 
obtained for the recovery phase (0.53). Reasons for the

difference in these two values could not be determined; 
therefore, the average of the two values was used. 
Likewise, the average specific yield for the discharge 
and recovery phases of the aquifer test at NPGC08 was 
used.

The average specific yield for the discharge and 
recovery tests were 0.34 at NPGC03 and 0.06 at 
NPGC08. Average specific yield for the discharge and 
recovery tests at both sites was 0.20. These values, like 
the hydraulic conductivity and the transmissivity 
values, probably are representative of the alluvial 
aquifer as a whole. In areas where sands and gravels 
predominate, like at NPGC03, specific yields in the 
alluvial aquifer can be over 0.30. However, specific 
yields in the alluvial aquifer are probably nearer the 
average of the two aquifer tests (0.20).

Ground-Water Flow
The predominant direction of ground-water flow 

in the alluvial aquifer in the North Platte River Valley, 
as shown on the water-table map of the alluvial aquifer 
(fig. 9), is northwest to southeast and generally parallel 
to the flow of the North Platte River. Exceptions to this 
direction can be found in areas of ephemeral streams 
such as Lost Creek, where the predominant flow direc 
tion is south (fig. 9).

Evaluation of water-table maps (Souders and 
Freethey, 1975; and fig. 9) and streamflow data was 
used to determine if the North Platte River was a gain 
ing or losing river during the study period. These maps 
show that water generally flows from the alluvial aqui 
fer into the North Platte River. In addition, streamflow 
data for water year 1993 (Boohar and others, 1994) 
indicate that the daily mean flow in the North Platte 
River generally increased from Lisco to Lewellen 
(locations in fig. 2). Therefore, during the study period,
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the North Platte River generally was a gaining river 
along the stretch that flows through the study area. 
However, it is likely that at times of high stage, water 
from the North Platte River may have recharged the 
aquifer.

An estimate of the average linear horizontal 
ground-water flow velocity in the alluvial aquifer was 
made using Darcy's law as described by Hall and oth 
ers (1991, p. 172). Darcy's law, including effective 
porosity, is written as:

where:
V = average linear ground-water flow veloc 

ity, in ft/d; 
K = horizontal hydraulic conductivity, in

ft/d;
/= horizontal hydraulic gradient, in ft/ft; and 
n = effective porosity, as a decimal fraction.

An estimate of the horizontal ground-water flow 
velocity for the alluvial aquifer was made by assuming 
a hydraulic conductivity range of 169 to 183 ft/d, a 
hydraulic gradient of about 0.0012 ft/ft, and an effec 
tive porosity of 0.20. Using these values in the previous 
equation produced a linear velocity of about Ift/d. The 
actual velocity at any location, however, depends on 
the orientation and distribution of the individual grains 
in the aquifer, and on the tortuosity of the ground-water 
flow around these grains. Therefore, the true ground- 
water flow velocity could differ from this estimate. No 
estimate of the vertical component of flow velocity was 
made.

GROUND-WATER QUALITY

Ground-water quality data are listed in the Sup 
plemental Data section at the end of the report. All 
water-quality data, except the triazine immunoassay 
test results, are stored in the USGS National Water 
Information System (NWIS) data base.

Field Measurements

Specific conductance is the measure of the elec 
trical conductivity of water. It is affected by the types 
and concentrations of dissolved solids present in the 
water. Specific conductance values ranged from 
228 (iS/cm (microsiemens per centimeter at 25 °C) to a 
maximum of 2,250 (iS/cm (table 6) in samples col 
lected during this study. The median specific conduc 
tance value was 1,270 (iS/cm. Figure 12 shows how the 
field measurements in the ground water varied by 
month of sample.

Significant differences in selected field measure 
ments in water samples, by well depth, were deter 
mined using rank-sum testing. Depth categories for the 
wells were shallower and deeper than the median well 
depth, 75 ft. Evaluation of these data indicate that water 
from wells shallower than 75 ft had a significantly 
(p=0.0000) higher median specific conductance value 
(1,500 (iS/cm) than water from wells deeper than 75 ft 
(962 u.S/cm).

This difference in median specific conductance 
value may be attributed to both the use of commercial 
fertilizers on fields and to a greater amount of felds- 
pathic or other minerals present in the sediments that 
may contribute carbonates, chlorides, and sulfates to 
the ground water. Chemical compounds in the soil,

Table 6. Statistical summary of field measurements, Garden County, western Nebraska, 1993-94

[(iS/cm, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; %, percent; mm of Hg, millimeters of mercury]

Measurement

Specific conductance, 
uS/cm

pH, standard units

Water temperature, °C

Dissolved oxygen, %

Barometric pressure, 
mm of Hg

Number of 
observations

234

242

241

85

112

Minimum

228

6.9

4.5

.1

666

Mean

1,110

7.5

12.0

3.9

672

Median

1,270

7.5

12.0

4.1

673

Maximum

2,250

8.0

17.0

8.9

679
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such as nitrogen and phosphorus, which are present 
naturally or introduced by anthropogenic activities, can 
increase the amount of dissolved solids in the ground 
water if they are leached to the water table. Leaching of 
these chemical compounds could cause specific con 
ductance values in the shallower part of the aquifer to 
be higher than in the deeper part.

Caution should be used when interpreting the 
significance of these results. Although evaluation of 
these data indicates that there is a significant difference 
in the specific conductance values from water samples 
collected from wells shallower or deeper than 75 ft, 
most of the deep wells NPGC02, NPGC03, 
NPGC08, and NPGC11 are screened throughout 
most or all of the saturated thickness of the aquifer. 
Thus, water-quality data from these wells represent a 
composite sample over the entire depth of the monitor 
well.

Rank-sum testing also was performed on data 
collected at the three well-nest sites. At two of these 
sites NPGC04 (p=0.5951) and NPGC09 
(p=0.1777) there were no significant differences in 
specific conductance values in water samples collected 
from the two depths. However, in monitor well 
NPGC07, there was a significant difference (p=0.0001) 
in specific conductance values in water samples from 
the two depths. Because the shallow and deep monitor- 
well depths at NPGC07 are equivalent to the shallow 
and deep monitor-well depths at NPGC04, at these 
three well-nest sites, specific conductance values did 
not appear to be a function of the difference in well 
depth.

Other field measurements included pH, water 
and air temperature, dissolved oxygen, and barometric 
pressure. Hem (1985) describes pH as a measurement 
of the hydrogen-ion concentration or activity that rep 
resents the negative base-10 log of the hydrogen activ 
ity in moles per liter. Values of pH in water samples 
ranged from 6.9 to 8.0 standard units with a median of 
7.5 standard units, and did not vary significantly 
(p=0.89) in wells greater than versus less than 75 ft 
deep.

Water temperature, which can affect the density 
and the amount of dissolved gases in the water, ranged 
from 4.5 to 17.0 °C. Dissolved oxygen, which is 
affected by water temperature, ranged from 0.1 to 
8.9 mg/L.

Major ion Concentrations

Ground water in the study area generally varied 
between a calcium and sodium bicarbonate type 
(fig. 13). The concentrations of calcium present in the 
alluvial aquifer ranged from 38 to 170 mg/L (median of 
92 mg/L) and concentrations of sodium ranged from 12 
to 380 mg/L (median of 63 mg/L) (table 7). Sulfate 
concentrations ranged from 18 to 640 mg/L with a 
median of 110 mg/L. Sulfate concentrations in water 
samples collected at 3 of the 14 sites (NPGC08, 
OSHML1, and OSHML2) and in 8 of the 56 samples 
were above the Secondary Maximum Contaminant 
Level (SMCL) for drinking water of 250 mg/L 
(U.S. Environmental Protection Agency, 1996). Sec 
ondary drinking-water regulations were established to 
represent contaminant levels of constituents that can 
adversely affect the odor, taste, or appearance of drink 
ing water.

Concentrations in 62 percent (35 of 56) of the 
samples analyzed for dissolved solids were above the 
USEPA's SMCL of 500 mg/L. Dissolved-solids con 
centrations ranged from 267 to 1,550 mg/L, with a 
median concentration of 614 mg/L.

High ratios of median concentrations of calcium 
versus sodium in water samples from monitor wells 
LCGC05 and LCGC06 suggest that water may be flow 
ing into the alluvial aquifer through Lost Creek Valley 
(fig. 14). This same influx of water from Lost Creek 
also could be the source of the high ratios of calcium 
versus sodium found in water samples from NPGC11. 
High ratios of median concentrations of calcium versus 
sodium also were detected in water samples collected 
from monitor wells NPGC01 and NPGC11. Outcrops 
of the Ogallala Group can be found in many of the 
upper reaches of the Lost Creek Valley as well as near 
monitor well NPGC01. Calcareous paleosols described 
by Gardner and others (1992) also are common in these 
areas. Ground water likely passes through and dis 
solves some of the calcium ions in areas where caliches 
in the Ogallala Group lie near the surface.

High ratios of median concentrations of sodium 
versus calcium were detected in monitor well 
NPGC10, east of Oshkosh, and in monitor wells 
NPGC04D, NPGC04S, OSHML1, and OSHML2, 
west of Oshkosh. No definitive source of the high 
sodium concentrations was evident. Verstraeten and 
others (1995) report that the aquifer in the underlying 
confined Chadron Formation contains sodium-rich 
water with high specific conductance and high concen 
trations of dissolved solids. Ground water from

26 Geohydrology and Water Quality of the North Platte Alluvial Aquifer, Garden County, Western Nebraska, 1993-94
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EXPLANATION

0 OSHML1-2 0 NPGC04D

+ OSHML2-2 X NPGC04S

A OSHML3-2 V LCGC05

D NPGC01 A LCGC06

O NPGC02 0 NPGC07D

O NPGC03 ^ NPGC07S

<? NPGC08

* NPGC09D

% NPGC09S

& NPGC1O

* NPGC11

  NORTH PLATTE 
RIVER AT LISCO, 
NEBRASKA

CALCIUM CHLORIDE + NITRATE

PERCENT REACTING VALUE

Figure 13. Ionic composition of ground water in the alluvial aquifer, by monitor-well site, and surface 
water in the North Platte River at Lisco, Garden County, western Nebraska, June 1993.
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Table 7. Statistical summary of major ion concentrations in the alluvial aquifer of the study area, western Nebraska, 1993-94
[mg/L, milligrams per liter; fig/L, micrograms per liter; USEPA, U.S. Environmental Protection Agency; MCL, Maximum Contaminant Level; SMCL, 
Secondary Maximum Contaminant Level;  , no MCL or SMCL; SAR, sodium adsorption ratio]

Major 
ion

Dissolved solids

Calcium

Magnesium

Sodium

SAR

Potassium

Sulfate

Chloride

Fluoride

Silica

Iron3
0

Manganese

Unit of 
measurement

mg/L

mg/L

mg/L

mg/L

dimensionless

mg/L

mg/L

mg/L

mg/L

mg/L

|lg/L

|lg/L

Minimum
267

38

5.5

12

0.4

2

18

3.4

.3

44

<3

<1

Median
614

92

17

63

2

14

110

21

0.5

57

<3

<1

Number of samples 
USEPA meeting or 

Maximum criteria exceeding MCL
1,550 ^00

170

43

380

9

110

640 1250

56 [ 250

1.5 24

72

20 300

50 150

35
--

--

--

--

 

8

0

0

0

1

1 U. S. Environmental Protection Agency SMCL for drinking water. 
U. S. Environmental Protection Agency MCL for drinking water. 
Median derived by assigning censored data a value of one-half of reporting limit.

NPGC10 is not dissimilar to that found in the Chadron 
Formation.

The chemical composition of the North Platte 
River, especially the anionic composition, was dissim 
ilar to that of most ground water (fig. 13). Because 
evaluation of 1993 stream discharge data suggests that 
the North Platte River generally was gaining through 
the study area, the river probably had little influence on 
the ground-water quality.

NITRATE CONCENTRATIONS

Water samples were analyzed for nitrate concen 
trations and the results were considered in terms of spa 
tial and temporal variations. Temporal variations 
included: (1) changes in nitrate concentrations during 
the course of the study period (1993-94), and 
(2) changes in nitrate concentrations as indicated by 
analyses of water samples collected by the University 
of Nebraska-Lincoln in 1989 compared with samples 
collected in February and August 1994.

Study Period, 1993 to 1994

Nitrate concentrations varied areally and tempo 
rally throughout the study area. Nitrate concentrations

in samples from all 14 monitor-well sites ranged from 
1.5 to 56 mg/L as N, with median concentration per 
individual well ranging from 1.7 to 50 mg/L as N 
(table 8). In 130 of 262 samples, nitrate concentrations 
were greater than the MCL of 10 mg/L as N 
(U.S. Environmental Protection Agency, 1996) 
(table 11, Supplemental Data section). Nitrate concen 
trations in at least one sample from 7 of the 14 monitor- 
well sites were greater than the MCL (fig. 15). The 
minimum nitrate concentration in ground water from 
most monitor wells typically occurred in May 1993 
and occasionally in August 1993 (figs. 16-20), whereas 
the maximum nitrate concentration typically occurred 
during August and September 1994. These temporal 
variations are likely attributed to several factors, such 
as: (1) the seasonal application of fertilizers containing 
nitrogen, (2) the frequency and amount of precipitation 
that fell during 1993, and (3) the amount of irrigation 
needed to supplement the lack of precipitation during 
the growing season (March through September) of 
1994. March through May are the most active months 
for application of commercial fertilizers containing 
nitrogen. The amounts of fertilizer applied vary from 
one location to another with some fields having little, if 
any, applied.
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Table 8. Statistical summary of nitrate concentrations in water samples from the North Platte River at Lisco, Nebraska 
and monitor wells in the study area, western Nebraska, 1993-94

Field identifi 
cation

North Platte River
at Lisco,
Nebraska1

Depth 
below land 

surface 
(feet)
 

Concentrations

Number of 
samples

10

Mini 
mum
<0.05

Mean
2.4

Median
2.4

Maximum
4.2

Single monitor wells

NPGC01

NPGC02

NPGC03

LCGC05

LCGC06

NPGC08

NPGC10

NPGC11

33.7

163

145

70

38

87

58

130

9

8

8

9

9

9

8

9

7.2

15

5.3

2.1

1.5

2.0

26

7.6

8.2

18

12

6.2

1.8

2.5

27

8.7

8.5

18

7.5

5.3

1.7

2.5

29

8.8

8.7

23

34

11

2.3

3.4

31

9.2

Nested monitor wells

NPGC04D

NPGC04S

NPGC07D

NPGC07S

NPGC09D

NPGC09S

48

28

48

28

115

65

9

9

9

9

8

9

16

12

2.7

4.6

2.2

2.1

19

15

3.0

6.0

3.1

2.7

18

14

2.9

5.7

2.8

2.8

21

18

3.5

7.8

5.3

3.1

Multilevel monitor wells

OSHML1-1

OSHML1-2

OSHML1-3

OSHML1-4

OSHML1-5

OSHML1-6

OSHML1-7

OSHML1-8

OSHML2-1

OSHML2-2

OSHML2-3

OSHML2-4

OSHML2-5

OSHML2-6

OSHML2-7

OSHML2-8

10

15

20

25

30

40

50

60

10

15

20

25

30

40

50

60

9

4

4

4

9

4

4

9

9

4

4

4

9

4

4

9

1.6

2.2

2.5

2.5

1.9

2.9

2.6

2.4

16

29

28

26

22

18

17

13

2.0

2.6

2.6

2.7

2.9

3.2

2.9

2.8

29

33

32

30

27

20

20

15

1.9

2.6

2.6

2.7

3.1

3.3

3.0

2.9

30

32

30

30

26

20

20

16

2.8

2.8

2.8

2.8

3.4

3.4

3.1

3.2

35

37

37

33

36

22

22

17
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Table 8. Statistical summary of nitrate concentrations in water samples from the North Platte River at Lisco, Nebraska 
and monitor wells in the study area, western Nebraska, 1993-94--Continued

Field identifi
cation

Depth 
below land 

surface
(feet)

Concentrations

Number of
samples

Mini
mum Mean Median Maximum

Multilevel monitor wells Continued

OSHML3-1

OSHML3-2

OSHML3-3

OSHML3-4

OSHML3-5

OSHML3-6

OSHML3-7

OSHML3-8

10

15

20

25

30

40

50

60

7

5

4

4

9

4

4

9

41

41

44

38

30

22

25

18

47

49

49

45

43

26

28

28

50.

50

50

45

43

24

28

26

52

51

54

52

56

31

31

47

Median derived by assigning censored data a value of one-half of reporting limit

NITRATE CONCENTRATIONS 31



10
2°

28
'

D I 3 a o
 

o I f 1 f s v» 2

41
°2

8'
  

M
ax

jm
um

 n
itr

at
e 

co
nc

en
tra

tio
n,

 
in

 m
ill

ig
ra

m
s 

pe
r 

lit
er

O
 

Le
ss

 th
an

 1
0

3
 

10
 to

 3
0

A
 

G
re

at
er

 th
an

 3
0

10
2°

14
'

0
1

2
3

 
M

IL
E

S

E
X

P
L

A
N

A
T

IO
N

- 
S

tu
dy

 a
re

a 
bo

un
da

ry

B
as

e 
fro

m
 U

.S
. 

G
eo

lo
gi

ca
l S

ur
ve

y
1:

10
0,

O
O

O
D

LG
da

ta
A

lb
er

s 
E

qu
al

-A
re

a 
C

on
ic

 p
ro

je
ct

io
n

S
ta

nd
ar

d 
pa

ra
lle

ls
 2

9°
 3

0'
 a

nd
 4

5°
 3

0'
,

ce
nt

ra
l m

er
id

ia
n 

-9
6°

 0
0'

0
1
2
3
 

K
IL

O
M

E
T

E
R

S

Fi
gu

re
 1

5.
 

M
ax

im
um

 n
itr

at
e 

co
nc

en
tra

tio
n 

pe
r 

m
on

ito
r-

w
el

l s
ite

 in
 th

e 
st

ud
y 

ar
ea

, w
es

te
rn

 N
eb

ra
sk

a,
 1

99
3-

94
.



40       i    i  i  i  i  i  i  i  i  i       40

NPGC01 NPGC02

30

20

10

0 i i i i i i i i i i i i i i i i 0

CC 40

1-

LU 
O

O 
O

z

4U

30

20

10

n

1 1 1 1 1 1 1 1 1 1 1 1 ! 1 I

. LCGC06

-

-

-

i i i " i i i i i i i i i i i i

40
n  i  r 

NPGC08

~\  i  r i  i  r

0 i i i i i i i I i i i i i i i

40

20

10

NPGC10

MJJASOND 
1993

i i i i i i

40

NPGC11

0 i i i i i i
JFMAMJJA MJJASOND

i i i i i i

1994 1993
J FMAM J JA 

1994

Figure 16. Nitrate concentration as a function of time for single monitor-well sites in the study area, 
western Nebraska, 1993-94.
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Figure 17. Nitrate concentration as a function of time for nested monitor-well sites in the study area, 
western Nebraska, 1993-94.
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Figure 18. Nitrate concentration as a function of time in ground-water samples from multilevel monitor 
wells OSHML1-1 through OSHML1-8 in the study area, western Nebraska, 1993-94.
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Figure 19. Nitrate concentration as a function of time in ground-water samples from multilevel monitor 
wells OSHML2-1 through OSHML2-8 in the study area, western Nebraska, 1993-94.
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Rain frequently fell throughout the summer of 
1993 (fig. 21) and not as much irrigation water was 
needed to supplement it as in drier years. Steele (1994) 
reported that the efficiency of water moving through 
the unsaturated zone is a direct function of the amount 
and the frequency of the water available. If the amount 
and frequency of precipitation is sufficient to maintain 
an appreciable amount of soil moisture, water can eas 
ily, and sometimes quickly, percolate through the 
unsaturated zone to the water table. This might explain 
some of the lowest nitrate concentrations detected in 
ground-water samples during the summer of 1993 
(figs. 19 and 20). Rainfall was sufficient to maintain a 
high soil moisture content and enable the water to pass 
through the unsaturated zone, thereby diluting nitrate 
concentrations in the ground water. During the growing 
season of 1994, precipitation was less frequent (fig. 21) 
and irrigation was needed to supplement it. In the study 
area, ground water has been shown to contain nitrate 
concentrations exceeding 10 mg/L as N. Locally water 
containing these high concentrations of nitrate then is 
used for irrigation. If more water is applied than needed 
by the crop, the water already containing nitrate can 
pass through the unsaturated zone and leach yet more 
nitrogen, if available, from the soil. Thus, nitrate can 
become more concentrated in the ground water.

Concentrations of nitrate in water samples from 
wells located near the upgradient and downgradient 
ends of the study area generally were less than 10 mg/L 
as N. Except for one sample from monitor well 
LCGC05 in October 1993, nitrate concentrations in 
samples collected from NPGC01, LCGC05, and 
NPGC11 were less than the MCL (U.S. Environmental 
Protection Agency, 1996)(table 11). In addition, water 
samples collected from May 1993 to July 1994 from 
the North Platte River at Lisco, just upstream of the 
study area, were analyzed for nitrate to determine if 
nitrate concentrations in the North Platte River were 
significantly different from those in NPGC01, the mon 
itor well the farthest upgradient and the closest to 
Lisco. Rank-sum testing shows that there is a signifi 
cant (p = 0.0003) difference between nitrate concentra 
tions in the North Platte River and water samples 
collected from monitor well NPGC01. Nitrate concen 
trations in the North Platte River ranged from less than 
0.05 mg/L as N to 4.2 mg/L as N, with a median of 
2.4 mg/L as N (table 8). These data indicate that nitrate 
in ground-water samples from NPGC01 probably were 
not derived from the North Platte River.

Monitor wells producing water samples with 
nitrate concentrations above the MCL (U.S. Environ 
mental Protection Agency, 1996) of 10 mg/L as N prior 
to the start of the study or at the time of the first sam 
pling, produced water with concentrations above that 
level throughout the study. Nitrate concentrations in 
samples from two monitor wells, LCGC05 and 
NPGC03, were below the MCL at the beginning of the 
study, but were above the MCL for one or more sam 
plings during the study (fig. 16).

Monitor wells with nitrate concentrations in 
water samples above the MCL during any part of the 
study period were in or near areas of irrigated, row- 
crop agriculture. However, nitrate concentrations in or 
near areas of irrigated row-crop agriculture did not 
exceed, or rarely exceeded, 10 mg/L in water samples 
from some monitor wells LCGC05, LCGC06, 
NPGC03, NPGC07D, NPGC07S, NPGC09D, 
NPGC09S, NPGC11, and OSHML1-1 through 
OSHML1-8.

Seasonal variation in nitrate concentrations in 
water samples from many of the monitor wells was 
observed. In most instances nitrate concentrations 
increased in samples collected in September and Octo 
ber. This increase could result from one or any combi 
nation of the following: (1) the time it takes for nitrate 
to leach through the soil during the irrigation season 
(late July through early September), (2) a decrease in 
the uptake of nitrogen by the crops, as they start to enter 
the dormant season (winter), associated with continued 
leaching of nitrogen through the unsaturated zone, or 
(3) the re-establishment of steady-state, natural or near 
natural, ground-water flow conditions following the 
irrigation season. The last consideration could be 
important if ground-water withdrawals during the irri 
gation season pull in ground water containing lower 
nitrate concentrations from upgradient areas, such as 
near NPGC01. Termination of active ground-water irri 
gation could cause the low-nitrate-containing ground 
water from upgradient areas to be replaced with higher- 
nitrate-containing ground water from adjacent areas. In 
any case, it appears that the highest concentrations of 
nitrate typically occurred after the irrigation season.

Nitrate concentrations in ground-water samples 
from the two monitor wells in Lost Creek Valley, 
LCGC05 (except for one sample on 10-5-93) and 
LCGC06, were below the MCL. These two monitor 
wells are north and upgradient of three wells at Osh- 
kosh NPGC07D, NPGC07S, and NPGC08. Nitrate 
concentrations in water samples from the sites in and

38 Geohydrology and Water Quality of the North Platte Alluvial Aquifer, Garden County, Western Nebraska, 1993-94



2
.0

1 
£2

-
 

X
(8 

o
 

1-s
 

5 
z

a
 

Z

^ 
3

« 
O

0
 

h-
 

 
 . 

H

*
 

0
3

 
LJ

J 
«> 

DC
 

2
 

n 
o 

.
S

 
_
] 

0.
5

2
 

<
 

SJ.
 

Q

E
 

s! s o 0) i

- - - - - - -

O o 3 i »

,
A

- - - -  

.

i
l
l
 

I 
ll 

I 
H 

I 
I 

i 
ll,

 
i 

ll 
I 

H
i 

I 
I 

i 
, 

,l 
,l 

, 
i 

ill 
1 

i
l
l
 

i

M
 

J
J
A

S
O

N
D

J
F

M
A

M
 

J
J
A

S

19
93

 
19

94

S
ou

rc
e:

 N
at

io
na

l 
O

ce
an

ic
 a

nd
 A

tm
os

ph
er

ic
 

A
dm

in
is

tr
at

io
n,

 1
99

4,
 1

99
5

z 
F

ig
ur

e 
21

. 
D

ai
ly

 p
re

ci
p 

ta
tio

n 
fo

r 
Ap

ril
 1

99
3 

to
 S

ep
te

m
be

r 
19

94
, 

at
 O

sh
ko

sh
, 

G
ar

de
n 

C
ou

nt
y,

 w
es

te
rn

 N
eb

ra
sk

a.

i f i



near Oshkosh have remained below the MCL of 
10 mg/L as N (U.S. Environmental Protection Agency, 
1996), whereas nitrate concentrations in samples from 
most of the monitor wells flanking Oshkosh to the east 
and west were greater than the MCL. It is likely, there 
fore, that the influx of ground water from Lost Creek 
Valley to the north of Oshkosh is diluting the nitrate 
concentrations in ground water in and near the town.

Nitrate concentrations at two of the three multi 
level monitor wells generally decreased with depth 
(figs. 19-20). Nitrate concentrations in water samples 
collected from monitor wells OSHML2 and OSHML3 
typically were higher (greater than or equal to 
30 mg/L) within the top 30 ft of the alluvial aquifer 
than they were at greater depth. During the last two 
sample periods (August and September 1994), how 
ever, nitrate concentrations in water samples collected 
near the middle of the aquifer, monitor well 
OSHML3-5, were similar to, and exceeded, concentra 
tions near the top of the aquifer (fig. 20) OSHML3-2.

Nitrate concentrations in water samples from 
two of the three nested monitor-well sites varied with 
well depth. Nitrate concentrations from monitor wells 
NPGC04S and NPGC04D (fig. 17) were greater in 
water samples from the deeper well than from the shal 
lower well. The reverse was true for nitrate concentra 
tions in samples from monitor wells NPGC07S and 
NPGC07D (fig. 17).

Historical Comparisons, 1989 to 1994

Comparisons were made between May 1989 and 
February and August 1994 (fig. 22) to determine if 
there were substantial changes prior to and following 
application of ground water by irrigation in 1994. Feb 
ruary and August 1994 were the last two times that 
samples were collected from all eight discrete depths of 
the multilevel monitor wells.

Concentrations of nitrate in ground water at all 
three multilevel monitor wells varied from 1989 to 
1994. At all eight discrete depths of monitor well 
OSHML1, nitrate concentrations in ground-water sam 
ples increased from May 1989 to February and August 
1994. The maximum increase in concentrations of 
nitrate in ground-water samples from multilevel moni 
tor wells from 1989 to 1994 was in water from monitor 
well OSHML2 (fig. 22). At this well, nitrate concentra 
tions for the intervals of 40 to 60 ft increased 14 to 
19 mg/L as N from May 1989 to February 1994. 
Decreases in nitrate concentrations for depths of 20 and 
30 ft from May 1989 to February 1994 and slightly

greater decreases in nitrate concentrations from May 
1989 to August 1994 were observed in ground-water 
samples at monitor well OSHML2. Nitrate concentra 
tions in the top half of the alluvial aquifer at this site 
have decreased from May 1989 to August 1994, with 
the greatest decrease being 6 mg/L as N. Nitrate con 
centrations in monitor well OSHML3 generally 
increased throughout the thickness of the alluvial aqui 
fer from May 1989 to February and August 1994. The 
increase was most noticeable at the 60-foot interval in 
August 1994.

The changes in nitrate concentrations from 1989 
to 1994 can be affected by many factors including: 
amount and intensity of precipitation, volume of 
ground water withdrawn for irrigation, total recharge 
and evapotranspiration, soil moisture, depth to water, 
and ground-water flow conditions. Therefore, the com 
plexities of the system preclude definitive conclusions 
concerning the reasons for changes in nitrate concen 
trations.

Triazine- and Acetamide-Herbicide 
Concentrations

Ground-water samples were collected from the 
monitor wells to determine concentrations of eight tri- 
azine and acetamide herbicides and two atrazine 
metabolites. Of these ten constituents, atrazine and its 
metabolite, deethylatrazine, were the two most com 
monly detected herbicides in the water samples. No 
acetamide herbicides were detected during the study. 
Atrazine was detected in 10 of 34 samples (29 percent), 
and deethylatrazine was detected in 18 of 34 samples 
(53 percent) (table 12 in Supplemental Data section). 
The maximum concentrations of ametryn, atrazine, 
deethylatrazine, and deisopropylatrazine detected were 
0.05, 2.9, 3.0, and 0.11 |ig/L, respectively (table 12). 
Median concentrations were all less than the reporting 
limit of 0.05 |ig/L. The atrazine metabolites, deethyla 
trazine and deisopropylatrazine, also can be produced 
by the degradation of propazine and simazine, respec 
tively; however, atrazine metabolites are thought to 
represent atrazine degradation, based on the large num 
ber of atrazine detections (table 12).

Concentrations of atrazine were all less than the 
MCL of 3.0 |ig/L (U.S. Environmental Protection 
Agency, 1996), although concentrations of atrazine in 
two samples, 2.9 and 2.6 |ig/L, were near the MCL. 
Both of these samples were from monitor well 
OSHML2-2. The first, 2.9 |ig/L, occurred on June 24,
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1993, and the second, on August 2,1994. Most atrazine 
concentrations in water samples from the other monitor 
wells were below 1 fig/L. Figure 23 shows the areal 
distribution of atrazine detections.

Deethylatrazine-to-atrazine ratio (DAR) was 
computed for the nine samples that contained measur 
able concentrations of deethylatrazine and atrazine. 
The DAR is the dimensionless ratio of deethylatrazine 
concentration to atrazine concentration and is a possi 
ble indicator of a point-source versus nonpoint-source 
contamination by atrazine (Adams and Thurman, 
1991). DAR values greater than 0.7 indicate the possi 
bility that atrazine is being slowly transported into the 
ground-water system and that deethylation of the atra 
zine by soil microorganisms has occurred (consistent 
with nonpoint-source contamination). DAR values of 
0.2 to 0.3 may indicate rapid entry into the ground- 
water system (point-source contamination) without 
deethylation of the atrazine compound (E. Michael 
Thurman, U.S. Geological Survey, oral commun., 
1996). DAR values between 0.3 and 0.7 generally can 
not be interpreted to reflect nonpoint-source or point- 
source contamination.

DAR values ranged from 0.45 at monitor well 
OSHML2-2 on June 6, 1993, to 8.22 at NPGC10 on 
August 1, 1994, with a median of 2.45. The 0.45 value 
at monitor well OSHML2-2 was the only sample with 
a ratio of less than 0.7. However, this site had atrazine 
concentrations greater than 2.0 fig/L and the DAR 
value for this site was higher than the 0.3 value that 
generally indicates contamination from a point source. 
This suggests the possibility that point-source contam 
ination could have occurred and the atrazine compound 
has since been subject to deethylation (E. Michael 
Thurman, U.S. Geological Survey, oral commun., 
1996). The DAR values at the other sites or times gen 
erally indicate nonpoint-source contamination or fur 
ther deethylation of the atrazine previously present.

SUMMARY

In 1993, the U.S. Geological Survey and the 
North Platte Natural Resources District began a 3-year 
study to determine the geohydrology and water quality 
of the North Platte River alluvial aquifer near Oshkosh, 
Garden County, Nebraska. The objectives of the study 
were to describe the geohydrology of the alluvial aqui 
fer near Oshkosh, to establish a well network for long- 
term monitoring of concentrations of agricultural 
chemicals including nitrate and herbicides, and to 
describe the water quality of the aquifer emphasizing 
agricultural chemicals.

Fourteen monitor wells were installed at 11 sites 
near Oshkosh. The geohydrologic properties of the 
aquifer were estimated from water-level measurements 
plus short-term constant-discharge aquifer tests near 
two monitor wells. Water samples were collected 
approximately bimonthly and analyzed for specific 
conductance, pH, water temperature, dissolved oxy 
gen, and nutrients including dissolved nitrate. Samples 
were collected semiannually for analysis of major ions, 
and annually for triazine and acetamide herbicides.

The alluvial aquifer has locally high hydraulic 
conductivity and transmissivity values. Hydraulic con 
ductivities and transmissivities calculated from two 
short-term constant-discharge aquifer tests ranged 
from 169 to 183 ft/d and 12,700 to 26,600 ft2/d, 
respectively. For the alluvial aquifer, specific yields 
averaged 0.34 at NPGC03 and 0.06 at NPGC08 for a 
combined average of 0.20 and the overall ground-water 
gradient in the study area was 0.0012 ft/ft. Ground- 
water flow velocities were estimated to be about 1 ft/d. 
Ground-water flow direction in the North Platte River 
alluvial aquifer was northwest to southeast or generally 
parallel to the North Platte River. Ground-water flow in 
Lost Creek Valley is generally to the south until it 
mixes with flow in the North Platte River alluvial aqui 
fer.

Specific conductance values ranged from 228 to 
2,250 iiS/cm, with a median value of 1,270 fiS/cm. 
Wells shallower than 75 ft had significantly higher spe 
cific conductance values than wells deeper than 75 ft. 
The pH ranged from 6.9 to 8.0 standard units, with a 
median of 7.5 standard units. Water temperature ranged 
from 4.5 to 17.0 °C, and dissolved oxygen ranged from 
0.1 to8.9mg/L.

Ground water in the study area varied between a 
calcium and sodium bicarbonate type depending on the 
location. Calcium was the predominant cation in wells 
in Lost Creek Valley and generally just downgradient 
from it, whereas sodium was the predominant cation in 
a few scattered wells. Water from wells with high spe 
cific conductance values and high concentrations of 
sodium were not dissimilar to the water found in the 
underlying confined Chadron Formation.

Elevated (greater than 10 mg/L as N) nitrate con 
centrations in ground-water samples collected by the 
North Platte Natural Resources District in 1988 contin 
ued to increase through 1994. Mary Exner-Spalding 
(University of Nebraska-Lincoln, written commun., 
1991) attributed these elevated nitrate concentrations 
to the use of commercial fertilizers.
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Nitrate concentrations in the study area varied. 
Nitrate concentrations in water-quality samples col 
lected from the 14 monitor-well sites ranged from 1.5 
to 56 mg/L as N. The median nitrate concentration by 
well ranged from 1.7 to 50 mg/L as N. Nitrate concen 
trations in at least one sample from 7 of the 14 monitor- 
well sites were greater than the MCL of 10 mg/L as N.

Except for one sample from monitor well 
LCGC05, in October 1993, concentrations of nitrate in 
water samples from wells located near the upgradient 
and downgradient ends of the study area generally did 
not exceed the MCL of 10 mg/L. Furthermore, nitrate 
concentrations collected from the North Platte River at 
Lisco, just upstream of the study area, were less than 
4.2 mg/L as N. Results of rank-sum tests indicate that 
there is a significant difference between nitrate concen 
trations in the North Platte River and water samples 
collected from NPGC01. This indicates that nitrate 
concentrations in the ground water probably were not 
derived from the North Platte River.

Monitor wells that produced water samples with 
nitrate concentrations higher than the MCL prior to the 
start of the study or at the time of the first sampling pro 
duced water with concentrations above that level 
throughout the study. In addition, monitor wells that 
produced samples with nitrate concentrations above 
10 mg/L during any part of the study period were from 
wells in or near areas where agricultural row crops are 
present.

Ground water in Lost Creek Valley, north of 
Oshkosh, generally contained low concentrations of 
nitrates. As a result, ground water from Lost Creek Val 
ley could be diluting nitrate concentrations near the 
town. Monitor wells flanking Oshkosh to the east and 
west continue to produce nitrate concentrations greater 
than the MCL.

Nitrate concentrations increased in most water- 
quality samples collected from the three multilevel 
sampling wells from May 1989 to February and August 
1994. During this time, nitrate concentrations in sam 
ples from one well increased a maximum of 19 mg/L. 
Nitrate concentrations in samples at some intervals in 
the multilevel monitoring wells have declined from 
May 1989 to February and August 1994. Nitrate con 
centrations in samples from the monitor wells are prob 
ably affected by the amount and intensity of 
precipitation, the volume of water recharged to the 
aquifer, as well as the soil moisture, depth to water, and 
ground-water flow conditions. Thus, the complexities

of the system preclude definitive conclusions concern 
ing the reason(s) for changes in nitrate concentrations.

During the study, ground water samples were 
collected to analyze for eight triazine and acetamide 
herbicides and two atrazine metabolites. Atrazine was 
detected in 10 of 34 samples (29 percent), and its 
metabolite deethylatrazine was detected in 18 of 
34 samples (53 percent). All samples produced con 
centrations of atrazine less than the MCL (3.0 |ig/L); 
however, two samples, 2.9 |ig/L and 2.6 jag/L, were 
just under the MCL.
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î
-§
60

§

60

1

&a 
Q

_o

_o"S

 a

 S>i~i
 "§
C/J

V

01

Olin

^

Ovl

f  .'

^

-

f-;

01

in
ON

in
in

NO 
01
CO

0

NO

CO
ON

01 
01
NO
O

oo
o 
U 
O
CL,

O 
oo
O
01
01
O

01

04

^

V

ON

£

NO

NO
in

CO

ON

NO

oo

ON
06

in
in

Sco

01

CO
ON
6
CO

^

oo
o 
U 
O
CL,

O 
oo
O
01
01
O

01

01

^

01

'v

m in

00

O

o
CO

co 
Ol

ON

ON 
01

O
NO

ON
NO
oo

in

NO

ON

O
00
O

oo
o 
U 
O
CL,

0 oo
o
01
01
0

0-1

01

^

V

CO
V

NO 
NO

CO

01
in

in
01

ON

O 
CO

01

CO^"

s
CO

0
CO
CO

CO
ONo'l
Ol

8

Q
o 
U 
O
CL,
^

0
CO 
01
oo
Ol
0
NO
_)-
01

^

V

NO

3

CO

Tf
in

04

00

CO

00
in

ON
CO

CO 
00
01

m

m

ON

O
00
O

Q/*^
)OD9dN 1

o
CO 
04
OO

Olo
NO
-j-
04

^

V

NO

ON 
m

^

COin'

00

oo

in
01

NOin'

00
co

NO

8Tt

co
o'l
Ol

8
00
2:o 
U 
O
CL,
^

O 
co
01
00

01o
NO
_)-
Ol-*

V

CO
V

CO 
NO

^.

CO
^-f

ON

ON

04

m«

00
CO

00 
NO
04

O

o

CO
ON

6 
CO

-

2;o 
U 
O
CL,

04
0 
PO
04
00

04
O

NO
_)-
O4

-t

V

PO
V

01
NO

^

O
in

00

oo

NO 
01

NO
in

CO

r-H

01

o
in

ON

O
OO
O

00

U 
O
CL,

O co
01
00

04
O

NO
,-j-
0|

-*

V

in

-t
Ol

O
CO

NO

NO

O in

O
01

O

o
  t

o o
r-H

PO
o'l

NOo

0

U 
O
OH
^

O 
CO

00

01o
m
co
Ol

-t

V

CO

00in

NO

0
01

0
Ol

01

'

8
Ol

ON

O

s
p

8
in

CO
ON

O 
CO

-

0

U 
O
CL,
^

O
PO
01
00

01
O
in
PO
01

^

V

"v

in

NO

, _ i
01

8
01

01

J

8

O
01

O
Ol

O in
p

in
04
 *] 

ON

O
00
O

0

U 
O
CL,
^

0

01
oo
O4
O
in
CO
01

^

V

'v

in

TJ-

^
06

oo
00

in

01in

2

O

O
in

o
ON
O

ON
01 
01

8

u o
CL,
^

O

O

01
O
r-
,_)
01

^

V

s

 ,
o

o
00

NO

e

NO

NO

O

NO 
NOin

O in

O

ON
O

^

U 
O
OH
^

O

o
01o
r-
r-H

O4

-*

V

PO
V

s

co

0

0

NO

9

s
o
01

NO 
00in

o
co

ON

O
00
O

U 
O
CL,
^

0

0 
co

01
0

CO

O4

^

O in

O
01

O in

o

00

o
0

3

ON

O oo

o
04

O

o in
in

in
co
 *] 

ON

oj

-

-

[ OSHML

o 
oo

04 
O4
O

o
in
01

^

ON 
01

CO
V

O

m

,   ,TJ-

O in

O
01

O 
oo

oo
01

o

0
<"!

o
04
r-H

ON

01

O

rs,

> OSHML

o oo

04 
01
O

o
in
04
"*

NO

'v

0 in

,   ,
CO

O
CO
PO

O
04

in

01

NO

ON

in
NO
ON

CO

r-H

ON

p
OO
O

04

I OSHML

0 
00

01 
04
O

O
in
01

-*

in

CO
V

coin

in

01
CO

0 oo
to

NO

04

O 
04

in
01

0in

O

0

in
04
 *] 

CO
ON
ON 
04

-

in

5 OSHML

0 
00
^t-
04o
QO in
04
-*

co
V

in 
in

m

oo
01

o
04

CO

PO

0

^

O

co in

S
^l-

CO
ON
ON 
04

^

OO

J OSHML

o
00

O4 
01
O

Oo
04
-*

V

NO

R

co

ON
04

O 
00

o
CO

04

O 
O

PO

o  1

o in
ON

in
04
in

PO
ON
ON 
04

^

OJ

i OSHML:

o
04in
04 
04o
NO
04in
04-*

V

PO
V

in

^.

04
CO

0

01

in

CO

O in

S

ON
ON

0

°,

O
01
O

co
ON

4 
01

8
01
<-!j
i OSHML:

o
01in
Ol 
01
O
NO
Olin
01

-*

V

CO

V

s

in

,   ,
CO

O 
04
04

CO
NO

PO

5

3

CO
ON

O
CO
°,

04
04

ON
04
O
OO
0

O4
OJ> OSHML:

o
04in
04s
NO

in
04

^

V

oo

in

in

ON
04

O 
ON
O4

in

CO

0 
CO

CO

O   '

O
CO
O

in

in

CO
ON

ON 
01

^

in
0]5 OSHML:

o
01in
01

S
NO
01in
01

^

V

PO
V

01in

NO

f~
O4

0

CO

co
CO

04

O

04 
01

O
PO

£
ON

in
O
in

CO
ON

ON
01

^

oo
0)j OSHML:

o
01in
04

S
NO 
04in
04

Tt

V

S

o

f 
Tt

o
04

00

CO

o in

00 
01

0

O in
o,

Oo
NO

CO
ON

ON
01

^

rni OSHML:

in 
in
01

S
ON

in
0-1

^

V

CO
V

in 
in

o

oin

O

CO

CO

O in

00 
04

O
CO

O
CO
O

in
O
ON 
O

CO
ON

4 
04

8
Ol
rni OSHML:

in 
in
04

S
ON

in

-*

V

ro
V

O 
NO

^

NO
10

O 
01

oo

co

0

N.O 
01

0
01

0

°.

s
co

ONo'l 
cp
co
O

01
m

i OSIIML:

0

in 
in

o
ON
in

"*

V

CO
"

fc

NO

,   i
CO

O
CO
04

04

04

O 
04

00 
01

ot~-

0
"~i

in 
in
in

CO
ON

ON 
04

^

in
rn5 OSHML:

in 
in
04
04
O
ON

in
04

^

V

CO
V

in

in

f 
01

O
01
01

-

Ol

g

CO 
01

ô
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska 
1993-94

[All values are in milligrams per liter; USGS, U.S. Geological Survey;  , no analysis]

USGS site 
identification

412648102274001

412648102274001

412648102274001

412648102274001

412648102274001

412648102274001

412648102274001

412648102274001

412648102274001

412553102250701

412553102250701

412553102250701

412553102250701

412553102250701

412553102250701

412553102250701

412553102250701

412500102240301

412500102240301

412500102240301

412500102240301

412500102240301

412500102240301

412500102240301

412500102240301

412435102223301

412435102223301

412435102223301

412435102223301

412435102223301

412435102223301

412435102223301

412435102223301

412435102223301

412435102223302

412435102223302

Field 
identifi 
cation

NPGCOl

NPGC01

NPGCOl

NPGCOl

NPGCOl

NPGCOl

NPGCOl

NPGCOl

NPGCOl

NPGC02

NPGC02

NPGC02

NPGC02

NPGC02

NPGC02

NPGC02

NPGC02

NPGC03

NPGC03

NPGC03

NPGC03

NPGC03

NPGC03

NPGC03

NPGC03

NPGC04D

NPGC04D

NPGC04D

NPGC04D

NPGC04D

NPGC04D

NPGC04D

NPGC04D

NPGC04D

NPGC04S

NPGC04S

Well location

17N45W13BCCD1

17N45W13BCCD1

17N 45W13BCCD1

17N 45W13BCCD1

17N45W13BCCD1

17N 45W13BCCD1

17N45W13BCCD1

17N45W13BCCD1

17N45W13BCCD1

17N44W20BDDC1

17N44W20BDDC1

17N44W20BDDC1

17N44W20BDDC1

17N44W20BDDC1

17N44W20BDDC1

17N44W20BDDC1

17N44W20BDDC1

17N 44W28CBAA1

17N 44W28CBAA1

17N 44W28CBAA1

17N 44W28CBAA1

17N44W28CBAA1

17N44W28CBAA1

17N 44W28CBAA1

17N 44W28CBAA1

17N 44W27DCCC1

17N 44W27DCCC1

17N 44W27DCCC1

17N44W27DCCC1

17N 44W27DCCC1

17N 44W27DCCC1

17N 44W27DCCC1

17N 44W27DCCC1

17N 44W27DCCC1

17N 44W27DCCC2

17N 44W27DCCC2

Date
05-11-93

06-23-93

08-17-93

10-05-93

11-30-93

02-02-94

05-04-94

08-02-94

09-01-94

05-11-93

06-23-93

08-17-93

10-05-93

11-30-93

05-04-94

08-02-94

09-01-94

05-11-93

06-23-93

08-17-93

10-05-93

11-30-93

05-04-94

08-02-94

09-01-94

05-10-93

06-23-93

08-17-93

10-05-93

12-01-93

02-02-94

05-04-94

08-02-94

09-01-94

05-10-93

06-23-93

Time

0940

1305

1530

1610

1345

1345

1200

1400

1735

0855

1225

1500

1545

1305

1245

1145

1610

0805

1140

1425

1510

1415

1415

1035

1505

1925

0900

1335

1435

0827

1110

0920

0945

1410

1940

0920

Nitrate 
plus nitrite

7.2

8.5

8.2

8.5

8.7

8.5

7.9

8.1

8.5

15

16

21

18

18

19

23

18

6.6

6.8

8.0

5.3

7.5

7.5

34

24

16

17

18

18

20

19

18

20

21

12

13

Phosphorus 
asPO4

0.09

.09

~

-

-

-

-

.09
-

.18

.06
-

-

-

-

.09
-

.12

.06
-

~

-

-

.21

-

.06

.09

-

-

-

-

-

.09
-

.12

.06
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska, 
1993-94--Continued

USGS site 
identification

412435102223302

412435102223302

412435102223302

412435102223302

412435102223302

412435102223302

412435102223302

412605102211001

412605102211001

412605102211001

412605102211001

412605102211001

412605102211001

412605102211001

412605102211001

412605102211001

412526102212301

412526102212301

412526102212301

412526102212301

412526102212301

412526102212301

412526102212301

412526102212301

412526102212301

412434102214201

412434102214201

412434102214201

412434102214201

412434102214201

412434102214201

412434102214201

412434102214201

412434102214201

412434102214202

412434102214202

412434102214202

412434102214202

Field 
identifi 
cation

NPGC04S

NPGC04S

NPGC04S

NPGC04S

NPGC04S

NPGC04S

NPGC04S

LCGC05

LCGC05

LCGC05

LCGC05

LCGC05

LCGC05

LCGC05

LCGC05

LCGC05

LCGC06

LCGC06

LCGC06

LCGC06

LCGC06

LCGC06

LCGC06

LCGC06

LCGC06

NPGC07D

NPGC07D

NPGC07D

NPGC07D

NPGC07D

NPGC07D

NPGC07D

NPGC07D

NPGC07D

NPGC07S

NPGC07S

NPGC07S

NPGC07S

Well location

17N 44W27DCCC2

17N44W27DCCC2

17N 44W27DCCC2

17N 44W27DCCC2

17N 44W27DCCC2

17N 44W27DCCC2

17N 44W27DCCC2

17N 44W23ACAA1

17N 44W23ACAA1

17N 44W23ACAA1

17N 44W23ACAA1

17N44W23ACAA1

17N 44W23ACAA1

17N 44W23ACAA1

17N 44W23ACAA1

17N 44W23ACAA1

17N44W26ABBB1

17N44W26ABBB1

17N44W26ABBB1

17N44W26ABBB1

17N44W26ABBB1

17N44W26ABBB1

17N44W26ABBB1

17N44W26ABBB1

17N44W26ABBB1

17N 44W35BBAA1

17N 44W35BBAA1

17N44W35BBAA1

17N44W35BBAA1

17N 44W35BBAA1

17N 44W35BBAA1

17N 44W35BBAA1

17N 44W35BBAA1

17N 44W35BBAA1

17N44W35BBAA2

17N44W35BBAA2

17N 44W35BBAA2

17N 44W35BBAA2

Date
08-17-93

10-05-93

12-01-93

02-02-94

05-04-94

08-02-94

09-01-94

05-10-93

06-22-93

08-17-93

10-05-93

11-30-93

02-01-94

05-03-94

08-02-94

09-01-94

05-10-93

06-23-93

08-17-93

10-05-93

11-30-93

02-02-94

05-03-94

08-02-94

09-01-94

05-10-93

06-23-93

08-17-93

10-05-93

12-01-93

02-02-94

05-03-94

08-02-94

09-01-94

05-10-93

06-23-93

08-17-93

10-05-93

Time

1350

1450

0844

1130

0940

1000

1425

1710

1555

1050

1245

1135

1240

1355

0735

1145

1750

1035

1130

1320

1225

1305

1500

0820

1235

1840

0755

1245

1400

0735

1025

1550

0900

1315

1850

0820

1305

1415

Nitrate 
plus nitrite

14

14

14

15

18

18

18

5.1

6.5

5.1

11

9.8

8.1

5.3

2.4

2.1

1.6

1.7

1.6

2.3

1.7

1.8

1.5

1.8

1.8

2.8

2.9

2.8

2.8

3.0

2.9

2.7

3.4

3.5

5.6

5.8

4.6

4.8

Phosphorus 
as PO4

-
-
-
-
-

0.09

-

.09

.06

-

-

-

-

-

.09

-

.09

.12

-

-

-

-

-

.09

-

.06

.06

-

-

-

-

-

.09

-

.09

.09

-
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska, 
1993-94-Continued

USGS site 
identification

412434102214202

412434102214202

412434102214202

412434102214202

412434102214202

412424102201801

412424102201801

412424102201801

412424102201801

412424102201801

412424102201801

412424102201801

412424102201801

412424102201801

412416102182301

412416102182301

412416102182301

412416102182301

412416102182301

412416102182301

412416102182301

412416102182301

412416102182302

412416102182302

412416102182302

412416102182302

412416102182302

412416102182302

412416102182302

412416102182302

412416102182302

412345102182301

412345102182301

412345102182301

412345102182301

412345102182301

412345102182301

412345102182301

Field 
identifi 
cation

NPGC07S

NPGC07S

NPGC07S

NPGC07S

NPGC07S

NPGC08

NPGC08

NPGC08

NPGC08

NPGC08

NPGC08

NPGC08

NPGC08

NPGC08

NPGC09D

NPGC09D

NPGC09D

NPGC09D

NPGC09D

NPGC09D

NPGC09D

NPGC09D

NPGC09S

NPGC09S

NPGC09S

NPGC09S

NPGC09S

NPGC09S

NPGC09S

NPGC09S

NPGC09S

NPGC10

NPGC10

NPGC10

NPGC10

NPGC10

NPGC10

NPGC10

Well location
17N 44W35BBAA2

17N44W35BBAA2

17N44W35BBAA2

17N44W35BBAA2

17N44W35BBAA2

17N44W36BADD1

17N44W36BADD1

17N44W36BADD1

17N 44W36BADD1

17N 44W36BADD1

17N44W36BADD1

17N 44W36BADD1

17N 44W36BADD1

17N 44W36BADD1

17N43W31BDAD1

17N43W31BDAD1

17N43W31BDAD1

17N43W31BDAD1

17N43W31BDAD1

17N43W31BDAD1

17N43W31BDAD1

17N43W31BDAD1

17N43W31BDAD2

17N43W31BDAD2

17N43W31BDAD2

17N43W31BDAD2

17N43W31BDAD2

17N43W31BDAD2

17N43W31BDAD2

17N43W31BDAD2

17N43W31BDAD2

17N43W32CCCA1

17N 43W32CCCA1

17N43W32CCCA1

17N 43W32CCCA1

17N 43W32CCCA1

17N 43W32CCCA1

17N 43W32CCCA1

Date
12-01-93

02-02-94

05-03-94

08-02-94

09-01-94

05-10-93

06-22-93

08-17-93

10-05-93

11-30-93

02-01-94

05-03-94

08-01-94

09-01-94

05-10-93

06-22-93

08-17-93

10-05-93

02-01-94

05-03-94

08-01-94

09-01-94

05-10-93

06-22-93

08-17-93

10-05-93

11-30-93

02-01-94

05-03-94

08-01-94

09-01-94

05-10-93

06-22-93

08-17-93

10-05-93

11-30-93

02-01-94

05-03-94

Time

0755

1040

1615

0915

1335

1610

1640

1205

1215

0925

1020

1040

1615

1055

1510

1330

0955

1125

1140

1130

1515

1000

1525

1405

1015

1140

1040

1155

1200

1540

1015

1420

1100

0915

1045

1505

0940

0940

Nitrate 
plus nitrite

5.5

5.9

5.5

7.8

7.7

2.0

2.5

3.4

2.2

2.5

2.1

2.0

2.7

2.8

2.9

3.4

2.5

5.3

2.5

2.2

3.2

2.8

2.3

2.8

3.0

3.0

2.4

2.4

2.1

2.8

3.1

29

29

27

26

28

30
 

Phosphorur 
as PO4

-
-
-

0.09
-

.09

.12
-

-

-

-

-

.15

-

.09

.09
-

-

-

-

.06
~

.09

.09
-

~

-

-

-

.09
-

.37

.31
-

-

-

-
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska, 
1993-94--Continued

USGS site 
identification

412345102182301

412345102182301

412137102130101

412137102130101

412137102130101

412137102130101

412137102130101

412137102130101

412137102130101

412137102130101

412137102130101

412500102241801

412500102241801

412500102241801

412500102241801

412500102241801

412500102241801

412500102241801

412500102241801

412500102241801

412500102241802

412500102241802

412500102241802

412500102241802

412500102241803

412500102241803

412500102241803

412500102241803

412500102241804

412500102241804

412500102241804

412500102241804

412500102241805

412500102241805

412500102241805

412500102241805

412500102241805

412500102241805

Field 
identifi 
cation
NPGC10

NPGC10

NPGC11

NPGC11

NPGC11

NPGC11

NPGC11

NPGC11

NPGC11

NPGC11

NPGC11

OSHML1-1

OSHML1-1

OSHML1-1

OSHML1-1

OSHML1-1

OSHML1-1

OSHML1-1

OSHML1-1

OSHML1-1

OSHML1-2

OSHML1-2

OSHML1-2

OSHML1-2

OSHML1-3

OSHML1-3

OSHML1-3

OSHML1-3

OSHML1-4

OSHML1-4

OSHML1-4

OSHML1-4

OSHML1-5

OSHML1-5

OSHML1-5

OSHML1-5

OSHML1-5

OSHML1-5

Well location
17N 43W32CCCA1

17N 43W32CCCA1

16N43W14ACCB1

16N43W14ACCB1

16N43W14ACCB1

16N43W14ACCB1

16N43W14ACCB1

16N43W14ACCB1

16N43W14ACCB1

16N43W14ACCB1

16N43W14ACCB1

17N 44W29DAAA1

17N 44W29DAAA1

17N 44W29DAAA1

17N44W29DAAA1

17N 44W29DAAA1

17N 44W29DAAA1

17N44W29DAAA1

17N44W29DAAA1

17N44W29DAAA1

17N 44W29DAAA2

17N44W29DAAA2

17N44W29DAAA2

17N44W29DAAA2

17N 44W29DAAA3

17N44W29DAAA3

17N44W29DAAA3

17N44W29DAAA3

17N 44W29DAAA4

17N 44W29DAAA4

17N 44W29DAAA4

17N44W29DAAA4

17N44W29DAAA5

17N 44W29DAAA5

17N 44W29DAAA5

17N44W29DAAA5

17N 44W29DAAA5

17N 44W29DAAA5

Date
08-01-94

09-01-94

05-10-93

06-22-93

08-17-93

10-05-93

11-30-93

02-01-94

05-03-94

08-01-94

09-01-94

04-21-93

06-24-93

08-18-93

10-06-93

11-29-93

02-01-94

05-02-94

08-02-94

09-01-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

08-18-93

10-06-93

11-29-93

02-01-94

Time
1425

0910

1225

0920

0820

0955

0750

0855

0830

1320

0830

1400

1125

0810

0840

1435

1050

1050

1111

1550

1400

1120

1045

1113

1400

1115

1040

1109

1400

1110

1035

1108

1400

1105

0810

0835

1425

1030

Nitrate 
plus nitrite

31

31

7.6

8.5

9.2

8.6

8.9

8.8

8.2

9.2

8.9

1.6

1.8

2.8

1.9

1.7

2.0

1.9

2.4

2.1

2.2

2.5

2.7

2.8

2.6

2.5

2.8

2.6

2.7

2.5

2.7

2.8

3.2

2.8

1.9

3.1

2.9

3.3

Phosphorus 
asPO4

0.21

-

.15

.15

-

-

-

-

--

.09

-

.21

.28
-

-

-

-

-

.31

-

.15

.09
-

.15

.12

.15

-

.12

.12

.09
-

.12

.09

.12
-

-

-
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska, 
1993-94--Continued

USGS site 
identification

412500102241805

412500102241805

412500102241805

412500102241806

412500102241806

412500102241806

412500102241806

412500102241807

412500102241807

412500102241807

412500102241807

412500102241808

412500102241808

412500102241808

412500102241808

412500102241808

412500102241808

412500102241808

412500102241808

412500102241808

412526102252701

412526102252701

412526102252701

412526102252701

412526102252701

412526102252701

412526102252701

412526102252701

412526102252701

412526102252702

412526102252702

412526102252702

412526102252702

412526102252703

412526102252703

412526102252703

412526102252703

412526102252704

Field 
identifi 
cation

OSHMLl-5

OSHML1-5

OSHMLl-5

OSHML1-6

OSHML1-6

OSHML1-6

OSHML1-6

OSHML1-7

OSHML1-7

OSHML1-7

OSHML1-7

OSHML1-8

OSHML1-8

OSHML1-8

OSHML1-8

OSHML1-8

OSHML1-8

OSHML1-8

OSHML1-8

OSHML1-8

OSHML2-1

OSHML2-1

OSHML2-1

OSHML2-1

OSHML2-1

OSHML2-1

OSHML2-1

OSHML2-1

OSHML2-1

OSHML2-2

OSHML2-2

OSHML2-2

OSHML2-2

OSHML2-3

OSHML2-3

OSHML2-3

OSHML2-3

OSHML2-4

Well location

17N 44W29DAAA5

17N44W29DAAA5

17N44W29DAAA5

17N44W29DAAA6

17N 44W29DAAA6

17N 44W29DAAA6

17N 44W29DAAA6

17N 44W29DAAA7

17N 44W29DAAA7

17N44W29DAAA7

17N44W29DAAA7

17N 44W29DAAA8

17N 44W29DAAA8

17N 44W29DAAA8

17N 44W29DAAA8

17N44W29DAAA8

17N44W29DAAA8

17N44W29DAAA8

17N 44W29DAAA8

17N 44W29DAAA8

17N 44W19DDDD1

17N 44W19DDDD1

17N44W19DDDD1

17N44W19DDDD1

17N 44W19DDDD1

17N44W19DDDD1

17N 44W19DDDD1

17N44W19DDDD1

17N44W19DDDD1

17N 44W19DDDD2

17N44W19DDDD2

17N44W19DDDD2

17N 44W19DDDD2

17N44W19DDDD3

17N44W19DDDD3

17N 44W19DDDD3

17N 44W19DDDD3

17N 44W19DDDD4

Date
05-02-94

08-02-94

09-01-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

08-18-93

10-06-93

11-29-93

02-01-94

05-02-94

08-02-94

09-01-94

04-21-93

06-24-93

08-18-93

10-06-93

11-29-93

02-01-94

05-02-94

08-02-94

09-01-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

Time

1045

1107

1535

1400

1100

1025

1106

1400

1055

1020

1104

1400

1050

0800

0830

1405

1015

1040

1102

1530

0800

1025

0845

0945

1525

1000

1030

1228

1645

0800

1020

0955

1227

0800

1015

0950

1225

0800

Nitrate 
plus nitrite

2.1

3.4

3.2

2.9

3.4

3.2

3.4

2.9

3.0

2.6

3.1

2.9

3.1

3.2

2.6

3.0

2.7

2.7

2.9

2.4

27

32

16

32

29

35

31

30

29

37

29

35

30

30

37

31

28

33

Phosphorur 
asPO4

-
0.09

-

.09

.09

-

.09

.09

.09

-

.09

.09

.09

-

-

-

-

-

.09

-

.15

.15

-

-

-

-

-

.15

-

.12

.15

-

.15

.21

.18

-

.21

.21

64 Geohydrology and Water Quality of the North Platte Alluvial Aquifer, Garden County, Western Nebraska, 1993-94



Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska, 
1993-94~Continued

USGS site 
identification

412526102252704

412526102252704

412526102252704

412526102252705

412526102252705

412526102252705

412526102252705

412526102252705

412526102252705

412526102252705

412526102252705

412526102252705

412526102252706

412526102252706

412526102252706

412526102252706

412526102252707

412526102252707

412526102252707

412526102252707

412526102252708

412526102252708

412526102252708

412526102252708

412526102252708

412526102252708

412526102252708

412526102252708

412526102252708

412549102255401

412549102255401

412549102255401

412549102255401

412549102255401

412549102255401

412549102255401

412549102255402

412549102255402

Field 
identifi 
cation

OSHML2-4

OSHML2-4

OSHML2-4

OSHML2-5

OSHML2-5

OSHML2-5

OSHML2-5

OSHML2-5

OSHML2-5

OSHML2-5

OSHML2-5

OSHML2-5

OSHML2-6

OSHML2-6

OSHML2-6

OSHML2-6

OSHML2-7

OSHML2-7

OSHML2-7

OSHML2-7

OSHML2-8

OSHML2-8

OSHML2-8

OSHML2-8

OSHML2-8

OSHML2-8

OSHML2-8

OSHML2-8

OSHML2-8

OSHML3-1

OSHML3-1

OSHML3-1

OSHML3-1

OSHML3-1

OSHML3-1

OSHML3-1

OSHML3-2

OSHML3-2

Well location

17N 44W19DDDD4

17N 44W19DDDD4

17N44W19DDDD4

17N44W19DDDD5

17N44W19DDDD5

17N 44W19DDDD5

17N 44W19DDDD5

17N 44W19DDDD5

17N 44W19DDDD5

17N 44W19DDDD5

17N 44W19DDDD5

17N 44W19DDDD5

17N 44W19DDDD6

17N 44W19DDDD6

17N 44W19DDDD6

17N 44W19DDDD6

17N44W19DDDD7

17N44W19DDDD7

17N44W19DDDD7

17N44W19DDDD7

17N 44W19DDDD8

17N 44W19DDDD8

17N 44W19DDDD8

17N44W19DDDD8

17N44W19DDDD8

17N44W19DDDD8

17N44W19DDDD8

17N 44W19DDDD8

17N44W19DDDD8

17N44W19DBBA1

17N44W19DBBA1

17N 44W19DBBA1

17N44W19DBBA1

17N 44W19DBBA1

17N 44W19DBBA1

17N44W19DBBA1

17N 44W19DBBA2

17N 44W19DBBA2

Date
06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

08-18-93

10-06-93

11-29-93

02-01-94

05-02-94

08-02-94

09-01-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

08-18-93

10-06-93

11-29-93

02-01-94

05-02-94

08-02-94

09-01-94

06-24-93

08-18-93

10-06-93

11-29-93

02-01-94

05-02-94

08-02-94

04-21-93

06-24-93

Time

1010

0945

1223

0800

1005

0840

0935

1515

0940

1000

1221

1635

0800

1000

0935

1219

0800

0955

0930

1217

0800

0950

0840

0930

1505

0925

0955

1215

1625

0915

0910

1020

1600

0910

0935

1302

1000

0905

Nitrate 
plus nitrite

33

26

27

31

36

30

28

26

23

23

22

24

22

20

20

18

22

22

17

18

16

16

16

16

17

16

15

13

14

43

41

50

52

50

51

45

41

50

Phosphorus 
as PO4

0.18

-

.21

.21

.18

-

-

-

-

-

.21

-

.21

.25

-

.18

.15

.12

-

.18

.09

.06

--

~

-

-

-

.09

-

.18

-

-

-

-

-

.21

.15

.12
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Table 11. Results of ground-water quality analyses for nutrients, Garden County, western Nebraska, 
1993-94--Continued

USGS site 
identification

412549102255402

412549102255402

412549102255402

412549102255403

412549102255403

412549102255403

412549102255403

412549102255404

412549102255404

412549102255404

412549102255404

412549102255405

412549102255405

412549102255405

412549102255405

412549102255405

412549102255405

412549102255405

412549102255405

412549102255405

412549102255406

412549102255406

412549102255406

412549102255406

412549102255407

412549102255407

412549102255407

412549102255407

412549102255408

412549102255408

412549102255408

412549102255408

412549102255408

412549102255408

412549102255408

412549102255408

412549102255408

Field 
identifi 
cation

OSHML3-2

OSHML3-2

OSHML3-2

OSHML3-3

OSHML3-3

OSHML3-3

OSHML3-3

OSHML3-4

OSHML3-4

OSHML3-4

OSHML3-4

OSHML3-5

OSHML3-5

OSHML3-5

OSHML3-5

OSHML3-5

OSHML3-5

OSHML3-5

OSHML3-5

OSHML3-5

OSHML3-6

OSHML3-6

OSHML3-6

OSHML3-6

OSHML3-7

OSHML3-7

OSHML3-7

OSHML3-7

OSHML3-8

OSHML3-8

OSHML3-8

OSHML3-8

OSHML3-8

OSHML3-8

OSHML3-8

OSHML3-8

OSHML3-8

Well location

17N 44W19DBBA2

17N 44W19DBBA2

17N 44W19DBBA2

17N 44W19DBBA3

17N 44W19DBBA3

17N 44W19DBBA3

17N 44W19DBBA3

17N44W19DBBA4

17N44W19DBBA4

17N 44W19DBBA4

17N44W19DBBA4

17N 44W19DBBA5

17N44W19DBBA5

17N 44W19DBBA5

17N 44W19DBBA5

17N 44W19DBBA5

17N 44W19DBBA5

17N 44W19DBBA5

17N 44W19DBBA5

17N44W19DBBA5

17N 44W19DBBA6

17N 44W19DBBA6

17N44W19DBBA6

17N 44W19DBBA6

17N 44W19DBBA7

17N44W19DBBA7

17N44W19DBBA7

17N44W19DBBA7

17N44W19DBBA8

17N44W19DBBA8

17N 44W19DBBA8

17N 44W19DBBA8

17N 44W19DBBA8

17N44W19DBBA8

17N44W19DBBA8

17N 44W19DBBA8

17N 44W19DBBA8

Date
02-01-94

08-02-94

09-01-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

08-18-93

10-06-93

11-29-93

02-01-94

05-02-94

08-02-94

09-01-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

02-01-94

08-02-94

04-21-93

06-24-93

08-18-93

10-06-93

11-29-93

02-01-94

05-02-94

08-02-94

09-01-94

Time

0905

1304

1715

1000

0900

0900

1300

1000

0855

0855

1258

1000

0845

0905

1015

1555

0850

0930

1256

1705

1000

0840

0845

1254

1000

0835

0840

1252

1000

0830

0905

1005

1545

0835

0925

1250

1655

Nitrate 
plus nitrite

51

50

51

44

46

53

54

38

40

50

52

37

35

43

40

43

45

30

55

56

26

22

23

31

31

25

29

26

26

22

24

29

26

23

18

41

47

Phosphorus 
as PO4

-
0.15

-

.15

.12

-

.15

.12

.09

-

.12

.12

.09

--

-

-

-

-

.12

-

.09

.06

--

.09

.09

.06

-

.09

.06

.03

--

--

-

--

-

.06

-
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Table 13. Lithologic log for monitor well NPGC01

Depth
(feet) Lithology

0-5 sand, fine to medium, mostly quartz

5-10 sand, fine to medium, some coarse, poorly sorted, very well rounded

10-15 sand, medium to coarse, mostly quartz, rounded to subrounded grains

15-23 sand, coarse to very coarse, subangular grains, 70 percent quartz

23-27 sand, fine to very coarse, some clay, slight fine gravel

27-30 sand, very coarse, 85 percent quartz, rounded grains, some clay

30-35 gravel, fine gravel to very coarse sand and gravel, 85 percent quartz, subangular

35-36 clay lenses

36-38 gravel, fine gravel to very coarse sand and gravel, 85 percent quartz

38 Brule Formation
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Table 14. Lithologic log for monitor well NPGC02

Depth
(feet) Lithology

0-5 sand, very fine to fine, well sorted

5-8 sand, very fine to fine, some medium sand, slight clay amount

8-10 clay

10-15 sand, medium to coarse, some clay

15-25 sand, coarse to very coarse, well sorted, rounded grains, 90 percent quartz

25-30 same as above some very coarse gravel, limonite grains

30-35 same as above more very coarse gravel

35-40 sand, coarse to very coarse, bottom 20 percent feldspar - 80 percent quartz, very coarse sand to coa-se sand 
	and gravel, some pebbles

40-45 sand, medium with some fine, 90 percent quartz, well sorted, rounded grains, 80 percent medium sand

45-50 gravel, medium to coarse sand, 60 percent quartz, feldspar, well sorted

50-55 sand, very coarse, well sorted, 70 percent quartz, 30 percent feldspar

55-65 sand and gravel, coarse sand to fine gravel, some coarse gravel, subangular to subrounded grains

65-70 sand, very coarse and fine gravel, well sorted, 60 percent quartz, 35 percent feldspar

70-75 sand, coarse, very well sorted, some very coarse sand

75-80 same as above some Brule Formation pebbles, more very coarse sand

80-90 sand, medium to coarse, very well sorted, 90 percent quartz, subrounded grains

90-95 same as above some fine sand

95-100 sand, fine to medium, very well sorted, 85 percent quartz, 10 percent feldspar, 5 percent amphibole

100-105 sand, coarse to very coarse, well sorted, subrounded grains

105-110 sand, coarse to very coarse, with Brule Formation clasts

110-115 sand, medium to coarse

115-120 same as above more very coarse sand, moderate sorting and Brule Formation clasts, very coarse sa^d near 
	bottom

120-125 sand, medium to coarse, well sorted

125-130 same as above some fine sand

130-135 sand, coarse to very coarse, well sorted, 85 percent quartz, subangular grains

135-145 same as above more Brule Formation clasts

145-150 same as above fine gravel to medium gravel, rounded to angular grains

150-155 gravel, coarse, 70 percent feldspar, Brule Formation clasts, subangular grains

155-160 same as above some Brule Formation pebbles

160-165 very coarse sand to medium gravel, 75 percent feldspar, subangular grains

165-170 same as above more coarse gravel

170-175 very coarse gravel to fine cobbles, subrounded grains, 60 percent quartz

175-180 same as above Brule Formation at bottom

70 Geohydrology and Water Quality of the North Platte Alluvial aquifer, Garden County, Western Nebraska, 1993-94



Table 15. Lithologic log for monitor well NPGC03

Depth 
(feet) Lithology

0- 8 sand, very fine to fine, well sorted

8-10 gravel, medium, 65 percent feldspar, 20 percent mafic, 10 percent quartz, some coarse sand and very coarse sand, 
	poorly sorted

10-20 sand, very coarse and fine gravel, mostly feldspar and mafic as above, intermixed, poorly sorted with small peb 
	bles (feldspar and siltstone)

20-40 sand, fine to very coarse, 65 percent quartz, some fine gravel

40-45 gravel, fine to coarse with very coarse sand, poorly sorted, 60 percent feldspar, 30 percent quartz, small pebbles

45-55 same as above with Brule Formation clasts

55-60 gravel, very coarse, siltstone clasts, 65 percent feldspar, 30 percent quartz,poorly sorted, rounded to subrounded

60-65 sand, medium to very coarse, some pebbles, moderate sorting

65-75 same as above siltstone clasts

75-80 gravel, fine with coarse and very coarse sand, 70 percent quartz, moderately well sorted

80-85 sand, coarse to very coarse, coarse gravel at bottom, well sorted, rounded grains

85-90 gravel, very coarse to small pebbles, 60 percent feldspar, rounded grains

90-95 same as above some coarse sand

95-100 same as above more pebbles and siltstone

100-110 sand, very coarse to coarse gravel, some small pebbles, 60 percent quartz, moderate sorting, subrounded to 
	rounded grains

110-120 same as above Brule Formation clasts

120-125 gravel, medium to coarse with very coarse sand, rounded to angular grains, moderately well sorted

125-130 gravel, coarse to very coarse with small pebbles, rounded grains, moderately sorted

130-137 same as above more very coarse sand, siltstone clasts

137-150 Brule Formation

Table 16. Lithologic log for monitor well NPGC04D

Depth 
(feet) Lithology

0- 5 silty sand

5- 8 fine silty sand

8-9.5 clay, light brown

9.5-15 gravel and sand, medium sand to fine gravel, subrounded grains, some very coarse gravel

15-30 same as above very coarse gravel, subangular grains

30-35 sand, coarse to very coarse, 60 percent quartz

35-40 sand, very coarse, 40 percent quartz, 50 percent feldspar, 10 percent mafic, some fine to medium gravel

40-45 sand, medium to very coarse with some coarse gravel and pebbles, well rounded sand, poorly sorted, sub- 
	angular pebbles

45-48 same as above clay clasts

48 Brule Formation
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Table 17. Lithologic log for monitor well LCGC05

Depth
(feet) Lithology

0-11 sand, very fine, silty, dark

11-20 sand, medium to coarse, 10 percent very coarse, well sorted, obsidian clasts

20-25 sand, fine to medium, 80 percent quartz

25-30 same as above some silt lenses

30-40 sand and gravel, coarse sand to medium gravel, moderately sorted

40-45 sand, fine to medium, 5 percent very coarse sand, some fine gravel

45-50 sand, fine to very coarse, 10 percent very coarse gravel, rounded

50-55 gravel, fine to medium with fine sand to very coarse sand, poorly sorted

55-60 sand, medium to coarse, angular, less than 5 percent pebbles

60-65 same as above 10 percent very coarse sand, rounded

65-70 gravel, fine with coarse and very coarse sand, 70 percent quartz

70-74 gravel, very coarse with small to medium pebbles and Brule Formation

74-80 Brule Formation

Table 18. Lithologic log for monitor well LCGC06

Depth
(feet) Lithology

0- 5 sand, very fine, silty

5-10 same as above some fine sand, 10 percent

10-15 same as above silty and clayey at about 15 feet, olive blue

15-20 sand, very fine, dark olive, medium to coarse sand at about 19 feet

20-25 sand, medium to coarse, well sorted

25-30 same as above 5 percent very coarse sand

30-33 same as above 10 percent very coarse sand, Brule Formation at about 33 feet

33-40 Brule Formation
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Table 19. Lithologic log for monitor well NPGC07D

Depth
(feet) Lithology

0- 9 sand, very fine, silty, loamy, some clay

9-10 gravel, very coarse with very coarse sand

10-15 gravel, fine with clay

15-20 gravel, very coarse with very coarse sand, fine to very coarse gravel, poorly sorted, 60 percent feldspar, 
	30 percent mafic

20-25 gravel, fine with very coarse sand, some mafic, subangular, moderately sorted

25-45 same as above some coarse gravel

45-48 sand and gravel, coarse sand to fine gravel, moderately sorted, rounded to subrounded grains

48-50 sand and gravel, very poorly sorted coarse sand to coarse gravel, Brule Formation clasts

50-55 Brule Formation

Table 20. Lithologic log for monitor well NPGC08

Depth
(feet) Lithology

0-15 sand, fine silty

15-20 gravel, medium to coarse, moderately sorted, some very coarse sand, some small pebbles (feldspar), 
	70 percent quartz

20-27 silt, light yellow brown

27-30 sand and gravel, coarse sand to coarse gravel, poorly sorted, coarse gravel mafic

30-35 same as above with small to medium pebbles, subangular

35-40 sand, coarse to veiy coarse, some gravel and small pebbles, 60 percent quartz, 30 percent feldspar

40-45 gravel, very coarse, 70 percent quartz, subrounded, some coarse sand and fine gravel

45-55 same as above Brule Formation clasts and silt

55-60 same as above some medium pebbles

60-70 sand, medium to very coarse with fine gravel and rounded small pebbles, moderately sorted

70-75 sand, medium to very coarse, well sorted, some small to medium pebbles

75-80 same as above cemented light siltstone, some Brule Formation

80-85 sand, medium to coarse, 80-85 percent quartz, some cemented siltstone and very coarse sand and gravel, 
	small pebbles, siltstone effervesces

85-86 same as above more cemented siltstone

86-92 Brule Formation
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Table 21. Lithologic log for monitor well NPGC09D

Depth 
(feet) Lithology

0- 5 sand, very fine silty, dark brown, some clay

5-10 sand, very fine, firm, silty, less clay

10-15 sand, very fine, silty, darker brown, more clay

15-16 same as above light brown silt

16-20 sand, very coarse, some very coarse gravel, subangular, moderately sorted, 20 percent mafic, 60 percent 
	feldspar

20-25 sand, very coarse, some medium gravel and coarse sand, 50 percent feldspar

25-30 gravel, medium with some very coarse sand, 60 percent quartz, subangular, well sorted

30-35 gravel, very coarse to small pebbles, subangular, 20 percent mafic

35-40 sand, very coarse to very coarse gravel, small pebbles, rounded, poorly sorted

40-45 gravel, very coarse, 25 percent small pebbles, well sorted, subangular

45-50 sand, very coarse to very coarse gravel and small pebbles, rounded to subrounded, poorly sorted

50-55 gravel, fine to coarse, 60 percent feldspar, 25 percent mafic, rounded, clay stringers

55-60 same as above more clay stringers and Brule Formation clasts, some small pebbles

60-75 gravel, fine to medium, well sorted, small pebbles, 70 percent feldspar

75-80 sand, very coarse to medium gravel, 50 percent quartz

80-95 sand, coarse to very coarse, well sorted, some very coarse gravel and small pebbles, less than 2 pe-cent

95-100 sand, medium to coarse, 10 percent very coarse, some cemented, well sorted

100-105 same as above some weathered Brule Formation and medium gravel

105-110 same as above more gravel and Brule Formation, 50 percent gravel

110-115 sand, very coarse with fine to medium gravel, small pebbles

115-120 Brule Formation

Table 22. Lithologic log for monitor well NPGC10

Depth 
(feet) Lithology

0- 5 sandy loam

5- 8 sand, fine

8-14 silt, sandy, some medium sand, less than 5 percent

14-15 very coarse sand and gravel, poorly sorted, some coarse sand, rounded to well rounded

15-20 same as above moderately sorted, more coarse sand, 50 percent quartz, 30 percent feldspar

20-35 same as above some clay stringers and small pebbles

35-40 sand, very coarse, well sorted, 50 percent quartz, subrounded

40-45 gravel, fine with very coarse sand, moderately sorted

45-50 same as above more medium gravel

50-61 gravel, medium to coarse, small pebbles, 60 percent feldspar

61-65 B rule Formation
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Table 23. Lithologic log for monitor well NPGC11

Depth
(feet) Lithology

0- 5 sand, very fine with some medium to coarse gravel

5-10 same as above more clay

10-15 gravel and small to large pebbles, gravel, fine to medium, poorly sorted, subrounded

15-20 gravel, fine to very coarse with silt lenses, 65 percent feldspar, 15 percent mafic, 20 percent quartz

20-30 sand, fine to medium with fine gravel, less than 10 percent, well sorted, rounded, silt lenses

30-35 same as above more fine to medium gravel

35-40 sand, fine to very coarse with medium gravel, rounded, approximately 40 percent small pebbles

40-50 same as above some calcareous clasts, silt lenses, red-brown

50-55 gravel, coarse, some fine, small pebbles, angular, moderately well sorted, subrounded

55-60 same as above more calcareous clasts

60-65 sand, fine to medium with some coarse sand

65-70 gravel, medium to coarse, well rounded and moderately sorted

70-75 same as above with very coarse sand

75-80 coarse sand to very coarse gravel, poorly sorted, rounded to angular Brule Formation clasts

80-95 sand, coarse to very coarse with coarse gravel, some medium sand

95-100 same as above small pebbles, angular, feldspar

100-105 sand, medium to coarse, 10 percent very coarse sand, small pebbles

105-110 gravel, medium to fine with some very coarse sand, well sorted

110-115 gravel, fine to medium with 30 percent very coarse sand

115-120 same as above  some very coarse gravel

120-125 same as above more very coarse gravel, angular

125-130 gravel, very coarse, 40 percent very coarse sand and fine gravel, poorly sorted

130-145 same as above Some Brule Formation clasts
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