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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
acre 4,047 square meter
foot 0.3048 meter

gallon per minute 0.06309 liter per second
inch 254 millimeter
inch per hour 254 millimeter per hour
mile 1.609 kilometer
million gallons per day 0.04381 cubic meter per second
pound 453.6 gram
square mile 2.590 square kilometer
ton 0.9072 megagram

To convert degree Fahrenheit (°F) to degree Celsius (°C) use the following formula:
°C =5/9 (°F - 32)

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum
derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea
Level Datum of 1929.

The use of brand or trade names in this report is for identification purposes only and does not constitute
endorsement by the U.S. Geological Survey.
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Reconnaissance of Ground-Water Quality in the
North Platte Natural Resources District, Western

Nebraska, June-July 1991

By I.M. Verstraeten, S.S. Sibray, J.C. Cannia, and D.Q. Tanner

Abstract

This report presents a reconnaissance of
the ground-water quality in the North Platte
Natural Resources District of western
Nebraska. One hundred twenty wells com-
pleted in unconfined Quaternary age, Ogallala
Group, and Arikaree Group water-bearing
units, fractured-bedrock and sand water-
bearing units in the Brule Formation, confined
Chadron Formation water-bearing units, and
undifferentiated water-bearing units of
Cretaceous age were sampled during June and
July 1991.

Overall, more than 75 percent of the water
samples had dissolved nitrate plus nitrite as
nitrogen concentrations equal to or less than 6
milligrams per liter. Water samples from six
wells completed in Quaternary-age water-
bearing units and fractured-bedrock water-
bearing units in the Brule Formation exceeded
the U.S. Environmental Protection Agency
Primary Maximum Contaminant Level of 10
milligrams per liter for dissolved nitrate plus
nitrite as nitrogen. Conversely, water samples
collected from sandstone and conglomerate of
the confined Chadron Formation water-bearing
units and undifferentiated water-bearing units
of Cretaceous age had concentrations of
dissolved nitrate plus nitrite as nitrogen gener-
ally less than the detection level, which may
indicate the presence of a reducing environ-
ment disassociating the dissolved-nitrate ion as
supported by the low dissolved-oxygen con-
centrations detected in the water from these
units or reduced leaching at depth due to the
presence of confining layers. Water from

several wells completed in Quaternary-age
water-bearing units and fractured-bedrock and
sand water-bearing units in the Brule Form-
ation had detectable concentrations of alachlor,
atrazine, deethylatrazine, or prometon.
Insecticides were not detected in ground water
in the study area.

Major element concentrations in the water
from 44 wells indicated that the water-bearing
units had distinct chemistry. Water from the
Quaternary-age, Ogallala Group, and Arikaree
Group water-bearing units, and fractured-
bedrock and sand water-bearing units in the
Brule Formation generally was a calcium
bicarbonate type with moderate hardness, and
water from the Chadron Formation water-
bearing units and undifferentiated water-
bearing units of Cretaceous age generally was
a sodium bicarbonate type with soft, mineral-
ized water reflecting the older age of the water.
Water samples from Quaternary-age water-
bearing units had significantly different distri-
butions of concentrations of calcium, magne-
sium, potassium, and sulfate than water
samples from the other water-bearing units.

Overall, the quality of water from Chadron
Formation and undifferentiated water-bearing
units of Cretaceous age is not suitable for
domestic and irrigation use. High pH and
concentrations of calculated dissolved solids,
sodium, chloride, fluoride, arsenic, and beryl-
lium that exceeded U.S. Environmental
Protection Agency Primary or Secondary
Maximum Contaminant Levels characterized
the water in these units. Water in the Chadron
Formation water-bearing units and undifferen-
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tiated water-bearing units of Cretaceous age,
characterized by a relatively large degree of
mineralization and softer water, had signifi-
cantly different distributions of concentrations
of all major ions except potassium, sulfate, and
chloride than water from the other units.

~"Water-quality data from the Quaternary-
age water-bearing units indicated that adjusted
gross-alpha activities in the units also
exceeded U.S. Environmental Protection
Agency Maximum Contaminant Levels. In
addition, samples from 39 of the 44 wells
completed in all water-bearing units, except
for the Arikaree Group water-bearing units,
had radon activities that exceeded the
proposed Primary Maximum Contaminant
Level of 300 picocuries per liter. The radon
activities were different in water samples from
the fractured-bedrock and sand water-bearing
units in the Brule Formation than in those from
the other water-bearing units. Nine of the
44 water samples from wells completed in
Quaternary-age and Ogallala Group water-
bearing units had uranium concentrations that
exceeded the U.S. Environmental Protection
Agency Primary Maximum Contaminant
Level of 20 micrograms per liter.

INTRODUCTION

Ground water is the primary source of drinking
water in Nebraska, but a common problem is the
presence of dissolved-nitrate concentrations in
ground water (Conservation and Survey Division,
1980a; 1980b) that exceed the 10 mg/L (milligram
per liter) primary Maximum Contaminant Level
(MCL) for dissolved nitrate plus nitrite as nitrogen
established by the U.S. Environmental Protection
Agency (USEPA) (1988a). The use of herbicides,
insecticides, and fungicides, as well as the addition
of fertilizer to soil and irrigation water, has affected
the ground-water quality in Nebraska (Spalding
and others, 1978; Gormly and Spalding, 1979;
Exner, 1990; Spalding, 1991). Radionuclides,
such as gross-alpha, gross-beta, and radon activi-
ties, in ground water have received more recent
attention from the Nebraska Department of Health
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(A.M. Pour, Nebraska Department of Health, oral
commun., 1992).

The State of Nebraska has been divided into 23
Natural Resources Districts (NRDs) to address
natural-resource issues of soil and water manage-
ment. Originally, each NRD was required to sub-
mit a ground-water management plan to the
Nebraska Department of Water Resources by
January 1986. Under Nebraska Law LB 51 (1991),
each NRD is required to amend the water-quality
section of its ground-water management plan by
July 1, 1993, LB 51 (1991) states the amended
plans are to “. . .identify levels and sources of
ground-water contamination and to recommend
practices that would stabilize, reduce, and prevent
to the extent possible additional spread, occur-
rences, and increases of ground-water contamina-
tion.” The U.S. Geological Survey entered into a
cooperative agreement with the North Platte
Natural Resources District (NRD) in 1990 to
conduct a water-quality study to determine the
chemical character of water in the primary water-
bearing units. The study focused on dissolved
nitrate plus nitrite as nitrogen, agricultural organic
pestcides, and radionuclide concentrations.

Purpose and Scope

This report provides a general description of
the water quality of the principal water-bearing
units in the North Platte NRD (fig. 1). Consttuent
concentrations are compared with USEPA
Drinking-Water Regulations. Varnations in concen-
tration are discussed in relation to water-bearing
units. The report emphasizes the spatial distri-
bution of dissolved nitrate plus nitrite as nitrogen
and selected pesticides, including carbamate
insecticides and triazine and acetanilide herbicides.
The report also describes the concentrations of
major and trace-clement constituents, including
radionuclides in ground water. Whereas organic
industrial compounds associated with landfills,
spills, and underground storage tanks were not
addressed in this study, the effects of agricultural
practices on ground-water quality were evaluated
on the basis of the concentrations of organic and
inorganic constituents.
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DESCRIPTION OF STUDY AREA

Location and Landforms

The North Platte NRD covers approximately
5,124 square miles in the central part of the
Nebraska Panhandle and includes Banner, Garden,
Morrill, and Scotts Bluff Counties and the southern
part of Sioux County (fig. 1). Most of the study
area lies in the North Platte River Basin. The
population of approximately 45,000 in 1990-91
(Clerk of the Legislature, 1991) is concentrated in
small towns located along the North Platte River.
The largest town is Scottsbluff with a population of
approximately 13,700.

The North Platte NRD is located in the High
Plains section of the Great Plains physiographic
province, as defined by Fenneman (1931). The
study area can be divided further by landforms and
geographic areas (fig. 2).

The Cheyenne Tablelands, Northern
Tablelands, and Wildcat Ridge are erosional
remnants of the High Plains, which slope eastward
from the Front Range of the Rocky Mountains.
Erosion of the Pumpkin Creek and North Platte
Valleys has left steep escarpments and ridges
adjacent to the valleys. The Sandhills Region,
located in northeastern Morrill County and north-
ern Garden County, consists of sand dunes that
were deposited within the last 8,000 years
(Ahlbrandt and others, 1983) and now generally
are covered with grass.

Climate

The climate of the study area is characterized
by extreme temperature ranges and relatively low
average annual precipitation, typical of a mid-
latitude, continental setting. On the basis of
records from 1951 to 1980 at the Scottsbluff
weather station, the mean annual temperature is
48.5 °F, the mean maximum temperature in July is
89.2 °F, and the mean minimum temperature in
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January is 11.2 °F (National Oceanic and
Atmospheric Administration, 1982). Mean annual
precipitation is 15 to 18 inches on the basis of
records from 1951 to 1980 (Lawson and others,
1977). Most of the precipitation is produced by
thunderstorms during late spring and early
summer. May and June are the two wettest months
of the year. Potential evapotranspiration in the area
usually is greater than precipitation (I.awson and
others, 1977).

Hydrogeology

Many earlier investigations describe the
geology and occurrence of ground water in the
study area (Darton, 1903a, 1903b; Wenzel and
others, 1946; Smith and Souders, 1975; Souders,
1986). A summary of the hydrogeologic units of
the study area is given in table 1. Generalized
geologic sections are presented in figure 3. The
stratigraphic nomenclature used in this report
conforms with the usage as described by Swinehart
and others (1985).

In general, sufficient differences in the hydro-
logic and geochemical characteristics among the
water-bearing units in the study area exist to war-
rant discussion of the water-bearing units separ-
ately. However, the sediments of the Ogallala and
Arikaree Groups are not sufficiently different
within each group from a hydrogeologic perspect-
ive to justify further subdivision of the Ogallala or
Arikaree Groups in this report. Because of differ-
ences in the hydrogeologic characteristics between
the fractured bedrock (secondary permeability) and
the sand deposits (primary permeability) in the
Brule Formation, the Brule Formation was divided
into the fractured-bedrock and sand or channel
water-bearing units of the Brule Formation,
referred to as fractured-bedrock and sand
water-bearing units of the Brule Formation in the
remainder of the text.

The areal distribution of sediments of Pliocene
and Quaternary age is shown in figure 4. The most
intensively developed water-bearing units in the
study area are the Quaternary-age water-bearing
units located in the Pumpkin Creek and North
Platte Valleys. The Pleistocene sand and gravel
water-bearing units consist largely of granitic and
metamorphic material. Depth to the water table is
generally less than 50 feet.
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CHLORIDE, FLUORIDE, NITRATE CHLORIDE, FLUORIDE, NITRATE
PERCENT PERCENT

PERCENTAGE OF TOTAL, IN MILLIEQUIVALENTS PER LITER

Figure 13. lonic composition of ground water by water-bearing unit, North Platte Natural Resources District,
western Nebraska: (A) Quaternary-age water-bearing units; (B) Ogallala Group water-bearing units; (C) Arikaree
Group water-bearing units; (D) fractured-bedrock and sand water-bearing units in the Brule Formation; (E)
Chadron Formation water-bearing units; and (F) undifferentiated water-bearing units of Cretaceous age.
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units, and undifferentiated water-bearing units of
Cretaceous age contained different concentrations
of sodium than water in the other water-bearing
units. In general, the water from the Chadron
Formation water-bearing units and undifferentiated
water-bearing units of Cretaceous age had larger
concentrations of sodium, a larger sodium-
adsorption ratio, and larger amount of alkalinity, as
illustrated in figures 13 and 14.

Results of the Wilcoxon Rank Sum test on
selected groups of water-bearing units indicated
that the water in the Quaternary-age water-bearing
units had a different distribution of concentrations
of calcium, magnesium, potassium, and sulfate as
compared to the median concentrations of these
constituents in the water of other water-bearing
units at an alpha level of 0.001. The statistical tests
also indicated that the chemistry of water obtained
from the Chadron Formation water-bearing units
and undifferentiated water-bearing units of
Cretaceous age did show significant differences of
median concentrations among all constituents
discussed in this section at an alpha level of 0.001,
except potassium, sulfate, and chlornde.

Summary of Water Chemistry and Water Types
by Water-Bearing Units

Because significant differences in water quality
were detected among the water-bearing units, the
following discussions are by group of water-
bearing units. This section includes a summary of
water chemistry, water types, number of consti-
tuent concentrations that exceed USEPA MCL’s. A
summary of the constituents discussed in this
section and the number of concentrations that
exceed MCL'’s are presented in table 8. Boxplots
showing the distribution of water temperature,
dissolved oxygen, pH, hardness, alkalinity,
calcium, magnesium, sodium, sodium-adsorption
ratio, potassium, sulfate, chloride, fluoride, and
silica are presented in figure 14.

Water types are used in this report to designate
the differences in the ionic composition of the
ground water of the water-bearing units under
study. As water moves from the atmosphere
through the sediments, it interacts with the
minerals in the sediments. The chemistry of the
water is changed through dissolution of minerals or
through cation-exchange processes as it moves

36 Reconnalssance of Ground-Water Qualiity in the North Piatta Naturai Resources District, Western Nebraska, June—Juiy 1991

from recharge areas through the ground-water flow
system to discharge areas. Thus, as ground water
moves through the flow system, the calculated
dissolved-solids concentrations will tend to
increase (Hamilton and others, 1991). The
diagrams in figure 13 reflect the predominant
cation(s) and anion(s) and are used to distinguish
between water types of the water-bearing units.

Quaternary-Age Water-Bearing Unita

Water from the Quaternary-age water-bearing
units is a calcium bicarbonate type (fig. 13) with
small chloride (median 17 mg/L) and fluoride
(median 0.5 mg/L) concentrations and with large
sulfate concentrations in some wells (median
170 mg/L) (fig. 14). The median calcium
(86 mg/L), magnesium (18 mg/L), and potassium
(10 mg/L) concentrations are larger in these water-
bearing sediments than in the others included in
this study (fig. 14, table 9). The wells with water
that have large sulfate concentrations generally are
located along the Platte River and have depths of
less than 130 feet. Overall, the water quality in
Quaternary-age water-bearing units is more vari-
able than that in the other water-bearing units as
illustrated by the interquartile range and length of
the whiskers of the boxplots shown in figure 14 and
by the larger differences between minimum and
maximum values listed in table 9. The variability
in these data could indicate that the water quality in
the Quaternary-age water-bearing units is affected
locally by recharge from irrigation canals, by the
Platte River, and by possible point- and
nonpoint-source contamination.

Water from Quaternary-age water-bearing
units, with a median hardness of 300 mg/L, is hard,
in general. Hardness (as calcium carbonate—
CaCO;) exceeding 100 mg/L is objectionable for
domestic use (Hem, 1985). In general, if hardness
concentrations are greater than 121 mg/L, the
water is considered hard, whereas water with
hardness less than 60 mg/L is considered soft.

The alkalinity of waters in this study is
assumed to be the bicarbonate type. Sources of
alkalinity are atmospheric carbon dioxide and
carbon dioxide produced through decay of organic
matter or lignite. Calcite tends to affect the degree
of alkalinity of water by controlling the concen-
trations of carbonate and bicarbonate ions existing



under equilibrium conditions (Engberg, 1984).
Calcium bicarbonate generally originates from the
presence of calcium in the soil and conversion of
atmospheric carbon dioxide to bicarbonate
(Engberg, 1984). Alkalinity also may increase due
to the presence of anions derived from the solution
of weak acids. Silicate ions also can contribute to
alkalinity. The alkalinity of water within the
Quaternary-age water-bearing units is generally
less than 300 mg/L., with a median of 230 mg/L
(fig. 14 and table 9), which is smaller than the
median alkalinity of the confined Chadron
Formation and undifferentiated water-bearing units
of Cretaceous age, with medians of 530 and

650 mg/L, respectively (tables 14 and 15).

The Secondary Maximum Contaminant Level
(SMCL) for sulfate is 250 mg/L. (U.S.
Environmental Protection Agency, 1988d). Water
from three wells had sulfate concentrations that
exceeded 250 mg/L (wells Q32, Q86, and Q98
with 270, 280, and 350 mg/L. as SO42‘, respect-
ively). All the wells were completed in the
Quaternary-age water-bearing units (table 7). The
primary natural sources of sulfate ions are dissolu-
tion of evaporite minerals such as salts or gypsum,
oxidation of sulfides, primarily pyrite (FeS,), from
sedimentary or weathered igneous rocks or from
additions to the land surface such as fertilizer—
specifically sulfate additions.

Natural sources of potassium in ground water,
such as a potassium-rich feldspar and clay
minerals, which are abundant in Quaternary-age
water-bearing units, mainly contribute to the
potassium concentrations. Also, application of
potassium phosphate—commonly called potash—
in agricultural areas could be responsible for some
of the large potassium concentrations in the water
from Quaternary-age water-bearing units (fig. 14).
In addition, irrigation might cause exchange of
potassium with calcium and magnesium, which
results in larger concentrations of calcium and
magnesium in solution.

Ogaiiaia Group and Arikaree Group Water-Bearing Units,
and Fractured-Bedrock and Sand Water-Bearing Units
in the Bruie Formation

The water of the Ogallala Group and Arikaree
Group water-bearing units and fractured-bedrock
and sand water-bearing units of the Brule

Formation is generally a calcium bicarbonate type
(fig. 13). Water from fractured-bedrock water-
bearing units of the Brule Formation shows larger
median calcium concentration (54 mg/L) with
larger median hardness (170 mg/L as CaCO3) and
larger median sulfate concentrations (26 mg/L.)
than water from the sand water-bearing units of the
Brule Formation (median calcium, 41 mg/L;
median hardness of 140 mg/L as CaCOj5; and
median sulfate, 20 mg/L) and Ogallala Group
water-bearing units (median calcium, 44 mg/L;
median hardness of 150 mg/L. as CaCOj5; and
median sulfate, 12 mg/L) (tables 10 through 13).
No exceedances of MCL and SMCL for the major
cations and anions were detected in water from
Ogallala Group and Arikaree Group water-bearing
units and fractured-bedrock and sand water-
bearing units of the Brule Formation.

Chadron Formation Water-Bearing Units and
Undifferentiated Water-Bearing Units of Cretaceous Age

The Chadron Formation water-bearing units
and undifferentiated water-bearing units of
Cretaceous age have water of a sodium bicarbonate
type (fig. 13), with small median hardness (35 and
12 mg/L) and small median calcium (9.2 and
3.2 mg/L), magnesium (2.7 and 0.9 mg/L.), and
sulfate (11 and 3.1 mg/L) concentrations,
respectively. The water-bearing units have large
alkalinity (530 and 650 mg/L) and sodium-
adsorption ratio (27 and 38) and large median
sodium (330 and 290 mg/L) and fluoride (1.6 and
1.6 mg/L) concentrations, respectively (tables 14
and 15). The median chloride concentration of
water from the Chadron Formation water-bearing
units was the largest (126 mg/L) of all water-
bearing units studied. Ranges of constituent
concentrations also are noted in tables 14 and 15.

In general, water within Chadron Formation
water-bearing units and undifferentiated confined
water-bearing units of Cretaceous age has a
different chemistry than water from other water-
bearing units discussed in this report. The
differences in water chemistry such as alkalinity
and sodium (tables 16 and 17) may indicate the
absence of hydraulic connection between the over-
lying water-bearing units and the Chadron Forma-
tion water-bearing units and undifferentiated
water-bearing units of Cretaceous age and may
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suggest a potential hydraulic connection between
the Chadron Formation water-bearing units and
undifferentiated water-bearing units of Cretaceous
age. The similarities in the major element chemi-
stry of the Chadron Formation water-bearing units
and undifferentiated water-bearing units of
Cretaceous age also may reflect the relative older
age of the water contained in these sediments as
compared to the younger water in the overlying
sediments. In general, both the Chadron Formation
water-bearing units and undifferentiated water-
bearing units of Cretaceous age have water that is
more mineralized and softer with smaller
concentrations of silica than water from the other
units (figure 14 and tables 16 and 17). The larger
silica concentrations in water from the unconfined
water-bearing units are typical of western
Nebraska (Durum, 1952).

The median concentration of chloride
(126 mg/L) in water from the Chadron Formation
water-bearing units was less than the SMCL for
chloride of 250 mg/L. (U.S. Environmental
Protection Agency, 1988d). However, the SMCL
was exceeded in two wells within the Chadron
Formation water-bearing units (domestic wells
CH104 and CH105, with 320 and 350 mg/L,
respectively). In addition, well CR78, a domestic
well completed in the undifferentiated water-
bearing units of Cretaceous age, had a chloride
concentration equal to the SMCL (table 7). The
large chloride and sodium concentrations in the
water from the Chadron Formation water-bearing
units may indicate a good hydraulic connection
with the underlying marine undifferentiated water-
bearing units of Cretaceous age or a similar
chemical evolution of ground water in both units.

Even though the Chadron Formation water-
bearing units and undifferentiated water-bearing
units of Cretaceous age had the largest fluoride
concentrations (tables 14 and 15), only the
Chadron Formation water-bearing units contained
water that exceeds the SMCL of 2.0 mg/L. [wells
CHI106 (2.4 mg/L)) and CH107 (2.3 mg/L), an
irrigation and domestic well, respectively]. No
water samples exceeded the MCL of 4.0 mg/L.
Fluoride is present in sedimentary rock, mainly as
fluorapatite (Cas(PO4)3F) and fluorite (CaF,).

Only water from the Chadron Formation

water-bearing units and undifferentiated water-
bearing units of Cretaceous age had a median
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hardness less than 100 mg/L (35 and 12 mg/L as
CaCOs, respectively). The small calcium and
magnesium and the large sodium concentrations in
the water from these units could indicate exchange
for sodium in clay minerals.

Overall, the major ion water chemistry in the
Chadron Formation water-bearing units and
undifferentiated water-bearing units of Cretaceous
age is relatively uniform, except for sodium and
chloride (fig. 14). The greater variability in
constituent concentrations of sodium and chloride,
and consequently the alkalinity and the sodium-
adsorption ratio, may be related to local variations
in the mineralogy of the water-bearing sediment.
The low concentrations and small variability in
sulfate and dissolved-nitrate concentrations—
constituents that may reflect point- or nonpoint-
source contamination—could indicate that the
ground water within these units generally has not
been affected by contamination or could be related
to the reducing conditions thought to exist within
these water-bearing units.

The water from these confined water-bearing
units, which has large values of specific conduct-
ance and sodium-adsorption ratio, is not suitable
for irrigation because of its potential adverse
effects on crops. The water from these confined
water-bearing units also could affect the uncon-
fined ground water in overlying water-bearing
units by vertical seepage of the irrigation water
through the unsaturated, unconsolidated sediments.
As sodium-adsorption ratio increases, the suit-
ability of the water for irrigation decreases.

pH and Dissolved Oxygen

pH in water from the seven water-bearing units
varied from 7.2 to 9.1, with a median of 7.8 (tables
6 and 8). pH is an indication of the acidity of the
water. Ground water with a pH from 6.5 to 7.8 is
considered neutral (Hem, 1985). Water with a pH
greater than 7.8 is considered alkaline. Water with
a pH less than 6.5 is considered acidic.

The largest pH values were detected in water
from the confined Chadron Formation water-
bearing units and undifferentiated water-bearing
units of Cretaceous age (median of 8.2 and 8.8,
respectively). Two water samples obtained from
the Chadron Formation water-bearing units, three
water samples from undifferentiated water-bearing



units of Cretaceous age, and two water samples
from Quaternary-age water-bearing units
exceeded the SMCL for pH of 8.5 (domestic wells
CR78, CH103, CH107, CR108, and CR109 and
irrigation wells Q95 and Q114 with a pH of 8.8,
8.6, 8.8, 8.6, 9.1, 8.6, and 8.7, respectively). All
the unconfined water-bearing units had a similar
median pH of about 7.8. Several outliers can be
seen in the boxplot of pH for water from
Quaternary-age water-bearing units shown in
figure 14.

Although the largest pH value was measured in
water from the confined Chadron Formation water-
bearing units and undifferentiated water-bearing
units of Cretaceous age, the smallest dissolved-
oxygen concentrations were detected in this
confined water. Dissolved-oxygen concentrations
in all of the ground-water samples collected for this
study varied from 0.1 to 15.1 mg/L, with a median
of 6.3 mg/L (table 8). The median dissolved-
oxygen concentrations in water from the Chadron
Formation water-bearing units and undifferentiated
water-bearing units of Cretaceous age were 0.5 and
1.1 mg/L, respectively (tables 14 and 15). In
contrast, the median dissolved-oxygen concen-
trations in water from the unconfined water-
bearing units varied from 6.0 mg/L in the water
from Quaternary-age water-bearing units to
7.3 mg/L in water from sand water-bearing units in

the Brule Formation (tables 9 and 10, respectively).

Specific Conductance and Calculated
Dissolved Solids

Specific conductance varied from 188 to
2,130 pS/cm (microsiemens per centimeter at
25 °C) (table 8). Specific conductance is positively
correlated with calculated dissolved-solids concen-
trations (r = 0.75). Specific conductance and
calculated dissolved-solids concentrations are
positively correlated with sodium (r = 0.92 and
r = 0.68, respectively), chloride (r = 0.87 and
r = 0.64, respectively), and boron (r = 0.92 and
r = 0.68, respectively). The boxplots shown in
figure 15 illustrate that water in confined Chadron
Formation water-bearing units and undifferentiated
water-bearing units of Cretaceous age and in
unconfined Quaternary-age water-bearing units has
larger median specific conductance and calculated
dissolved-solids concentrations than the other

water-bearing units. The distribution of concen-
trations for these characteristics is the same in all
water-bearing units on the basis of the Kruskal-
Wallis test (table 16).

Calculated dissolved solids in all water-bearing
units varied from 158 to 1,240 mg/L, with a
median of 418 mg/L (table 8). Calculated
dissolved-solids concentration is a calculation of
all constituents dissolved in water (sum of consti-
tuents) and generally is correlated positively with
specific conductance as illustrated in figure 15C.
Linear regression analysis indicates that the slope
of calculated dissolved solids and specific conduct-
ance is 0.59 (fig. 15). Increased calculated
dissolved solids can arise from mineral dissolution,
extraneous additions of solids, or the presence of
saline water.

Twenty wells completed in the Quaternary-age
and Chadron Formation water-bearing units and
undifferentiated water-bearing units of Cretaceous
age exceeded the SMCL of 500 milligrams per liter
(mg/L) for calculated dissolved solids. Water with
calculated dissolved-solids concentrations that
exceed 1,000 mg/L can adversely affect crops.
Large concentrations of calculated dissolved solids
also may affect poultry and livestock on a
temporary basis when they are not accustomed to
the consumption of this water (Hem, 1985). Water
in three wells (wells Q98, CH104, and CR78
completed in Quaternary-age and Chadron
Formation water-bearing units and undifferentiated
water-bearing units of Cretaceous age with 1,020,
1,170, and 1,240 mg/L, respectively) had
calculated dissolved-solids concentrations that
exceeded 1,000 mg/L.

Major Metals and Selected Trace Elements

Major metals and trace elements in ground
water can be attributed to both natural and human
sources. Potential human sources include acid
rain, fertilizer additions, such as copper and zinc
sulfates, and industry-related point sources.

Many water samples had concentrations of
trace elements less than the detection limit
(table 7). Statistical nonparametric analysis of
major metals and selected trace elements is
difficult because of trace-element concentrations
that are less than the detection level. Although the
preferred method used to estimate the distribution
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is the log-probability test method (Helsel and
Gilliom, 1985), values less than the detection level
were considered to be zero in this study.
Consequently, parametric statistical hypothesis
tesfing, distribution estimation, and correlation
were biased. Boxplots showing the distribution of
arsenic, barium, boron, iron, lithium, manganese,
selenium, strontium, vanadium, and zinc are
presented in figure 6.

Nonparametric analysis of the water-quality
data with the Kruskal-Wallis test (alpha = 0.001)
indicated that the distribution of concentrations of
boron (p=0.00016), selenium (p = 0.00056), and
strontium (p = 0.00062) was different in at least
one group (table 16).

Tukey’s test indicated that water from several
water-bearing units had different concentrations of
boron, selenium, and strontium (table 17). In
addition, subsequent grouping of the water-bearing
units and statistical analysis using the Wilcoxon
Rank Sum test indicated that the Chadron
Formation water-bearing units and undifferentiaced
confined water-bearing units of Cretaceous age
have different median concentrations of boron
(p = 0.00005), iron (p = 0.00026), selenium
(p = 0.00003), strontium (p = 0.00010), and
vanadium (p = 0.00002). Grouping of the data for
water collected from Quaternary-age water-bearing
units compared against the data for water collected
from other water-bearing units indicates that water
in the Quaternary-age water-bearing units has
different median lithium (p = 0.00031) and
strontium (p = 0.00011) concentrations.

In the following sections selected major metals
are discussed. The selection was based on the
number of detections or exceedances of MCL’s or
SMCLs.

fron

Iron concentrations in water from all water-
bearing units varied from less than 3 to 73 ug/L,
with a median of 5 pg/L. (table 8). None of the
water samples exceeded the SMCL of 300 pg/L
for iron (table 8). The largest iron concentrations
were found in water from the undifferentiated
water-bearing units of Cretaceous age (maximum
of 73 ug/L) followed by water in the Chadron
Formation water-bearing units (maximum of
39 ng/l). The smallest iron concentrations were in

water from the Arikaree Group water- bearing
units (maximum of less than 3 pg/L). Water in the
Chadron Formation and undiffer- entiated
water-bearing units of Cretaceous age had small
dissolved-oxygen concentrations, which generally
indicate reducing conditions. Usually, increased
concentrations of iron are due to the presence of
iron-enriched sediment in a reducing environment
with small pH (Freeze and Cherry, 1979). The
confined Chadron and undifferentiated Cretaceous
water-bearing units apparently meet certain
conditions of a reducing environment but show
relatively large pH values. Additional infor-
mation on the geochemistry of these water-bearing
units is needed to provide more meaningful
interpretation of the results.

Manganese

Manganese data are summarized in tables 8
through 15 and figure 16. Manganese concentra-
tions varied from less than 1 to 130 pug/L, witha
median of less than 1 pg/L.. Relatively large
concentrations of manganese (outliers) were
detected in water samples from the Quaternary-age
water-bearing units (wells Q7, Q32, and Q98)

(fig. 16). Two water samples exceed the SMCL of
50 pg/L for manganese (wells Q7 and Q32 with
manganese concentrations of 130 and 61 pg/L as
Mn2+, respectively). Water from well Q98 had a
manganese concentration of 34 pg/l.. Large
manganese concentrations may cause a brown
discoloration of the water, may deposit black
manganese oxide stains on the well casing, and
may affect the taste. Large manganese concen-
trations were not detected in the Chadron
Formation water-bearing units and the undiffer-
entiated water-bearing units of Cretaceous age.

Selected Trace Elements

Arsenic, barium, cadmium, and chromium are
elements occurring in the upper lithosphere (Hem,
1985). Lead is the most abundant heavy element in
the lithosphere. Selenium is found in sedimentary
as well as igneous rocks and reacts in a fashion
similar to sulfur. Distributions of c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>