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Aquifer Characteristics, Water Availability, and Water
Quality of the Quaternary Aquifer, Osage County,
Northeastern Oklahoma, 2001-2002

By Shana L. Mashburn, Caleb C. Cope, and Marvin M. Abbott

Abstract

Additional sources of water are needed on the Osage Res-
ervation for future growth and development. The Quaternary
aquifer along the Arkansas River in the Osage Reservation may
represent a substantial water resource, but limited amounts of
hydrogeologic data were available for the aquifer. The study
area is about 116 square miles of the Quaternary aquifer in the
Arkansas River valley and the nearby upland areas along the
Osage Reservation. The study area included the Arkansas River
reach downstream from Kaw Lake near Ponca City, Oklahoma
to upstream from Keystone Lake near Cleveland, Oklahoma.

Electrical conductivity logs were produced for 103 test
holes. Water levels were determined for 49 test holes, and 105
water samples were collected for water-quality field analyses at
46 test holes. Water-quality data included field measurements
of specific conductance, pH, water temperature, dissolved oxy-
gen, and nitrate (nitrite plus nitrate as nitrogen). Sediment cores
were extracted from 20 of the 103 test holes.

The Quaternary aquifer consists of alluvial and terrace
deposits of sand, silt, clay, and gravel. The measured thickness
of the alluvium ranged from 13.7 to 49.8 feet. The measured
thickness of the terrace sediments ranged from 7 to 93.8 feet.
The saturated thickness of all sediments ranged from 0 to 38.2
feet with a median of 24.8 feet. The weighted-mean grain size
for cores from the alluvium ranged from 3.69 to 0.64φ, (0.08-
0.64 millimeter), and ranged from 4.02 to 2.01φ(0.06-0.25 mil-
limeter) for the cores from terrace deposits. The mean of the
weighted-mean grain sizes for cores from the alluvium was 1.67
φ (0.31 millimeter), and the terrace deposits was 2.73φ (0.15
millimeter). The hydraulic conductivity calculated from grain
size of the alluvium ranged from 2.9 to 6,000 feet per day and
of the terrace deposits ranged from 2.9 to 430 feet per day. The
calculated transmissivity of the alluvium ranged from 2,000 to
26,000 feet squared per day with a median of 5,100 feet squared
per day. Water in storage in the alluvium was estimated to be
approximately 200,000 acre-feet. The amount of water annually
recharging the aquifer was estimated to be approximately 4,800
acre-feet.

Specific conductance for all water samples ranged from
161 to 6,650 microsiemens per centimeter. Median specific

conductance for the alluvium was 683 microsiemens per centi-
meter and for the terrace deposits was 263 microsiemens per
centimeter. Dissolved-solids concentrations, estimated from
specific conductance, for water samples from the aquifer ranged
from 88 to 3,658 milligrams per liter. Estimated median dis-
solved-solids concentration for the alluvium was 376 milli-
grams per liter and for the terrace deposits was 145 milligrams
per liter. More than half of the samples from the Quaternary
aquifer were estimated to contain less than 500 milligrams per
liter dissolved solids. Field-screened nitrate concentrations for
the sampling in December 2001-August 2002 ranged from 0 to
15 milligrams per liter. The field-screened nitrate concentra-
tions for the second sampling in September 2002 were less than
corresponding laboratory reported values.

Introduction

Additional sources of water are needed on the Osage Res-
ervation for future growth and development. The Quaternary
aquifer along the Arkansas River in the Osage Reservation may
represent a substantial water resource, but limited amounts of
hydrogeologic data were available for the aquifer. The U.S.
Geological Survey (USGS), in cooperation with the Osage
Tribe and the Bureau of Indian Affairs, conducted a study to
assess the availability and quality of ground water in the Qua-
ternary aquifer in the Osage Reservation, Osage County, north-
eastern Oklahoma. The study area is about 116 square miles of
the Quaternary aquifer in the Arkansas River valley and the
nearby upland areas along the Osage Reservation. The study
area included the Arkansas River reach downstream from Kaw
Lake near Ponca City, Oklahoma to upstream from Keystone
Lake near Cleveland, Oklahoma (fig. 1). The field work was
conducted from December 2001 to September 2002 and 103
test holes were driven in the aquifer during that time. Saturated
thickness of the aquifer was determined by measuring water
levels in the test holes. Data collected included electrical con-
ductivity logs, sediment cores, and water-quality field measure-
ments of specific conductance, pH, water temperature, dis-
solved oxygen, and nitrite plus nitrate as nitrogen (referred to as
nitrate in this report).
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Figure 1. Location of the study area, Quaternary aquifer, and site locations, western Osage County, Oklahoma.



Methods 3

Purpose and Scope

This report describes aquifer characteristics, water avail-
ability, and water quality for the Quaternary aquifer in Osage
County based on data collected in 2001-2002. This report pre-
sents the measured sediment thickness, saturated thickness, sed-
iment grain-size, net sand, and calculated hydraulic conductiv-
ity and transmissivity. This report also presents potential water
availability for the Quaternary aquifer. Summary statistics for
aquifer characteristics and water-quality data are included.

Acknowledgments

The authors thank the farmers, ranchers, and landowners
for providing access to their land. Thanks to Greg McMahn,
Chesapeake Energy, for scanning the large-scale maps of the
study area into digital format (Bowen, 1918 and Bowen and
others, 1919). Special thanks are extended to the Osage Tribal
Council and the Osage Environmental Council. The authors
also thank U.S. Geological Survey colleagues Scott Christenson
for technical support, Mike Sughru for creating the illustrations,
and Scott Strong for field assistance.

Description of Study Area

The Osage Reservation, comprising Osage County, con-
tains about 2,260 square miles (fig. 1). The Reservation is char-
acterized by gently rolling uplands with sharp cuestas formed
by resistant sandstone and limestone ledges. The Arkansas
River borders the Reservation on the south and southwest (fig.
1). The western part of the Reservation, known informally as
the Bluestem Hills, is mostly open savanna. The altitude of the
surface of the alluvium ranges from 945 feet above NAVD 88
below the dam on Kaw Lake near Ponca City, Oklahoma to 725
feet west of Cleveland. The distance along the Arkansas River
is about 94 miles. Mean annual precipitation across the study
area ranged from 34 inches near Ponca City to 37 inches near
Cleveland during the period 1971 to 2000 (Oklahoma Climato-
logical Survey, 2002).

Description of Quaternary Aquifer

The Quaternary aquifer (figs. 1, 2, and 3) consists of allu-
vial and terrace deposits of sand, silt, clay, and gravel of Qua-
ternary age (Bingham and Bergman, 1980, plates 1 and 2). The
contact between the alluvial and the terrace deposits, for this
study, is located where the slope in the Arkansas River valley
changes from a low angle on the alluvium to a greater angle on
the terrace deposits (fig. 4). The alluvium was deposited by the
Arkansas River and the lesser tributary streams. The terrace
deposits were deposited by the Arkansas River at a time when
it flowed at a higher level. The material was later reworked by
the prevailing wind from the southwest, and deposited on the
upland areas generally north of the Arkansas River valley

(Oakes, 1952, p. 95-96). The Quaternary aquifer is unconfined
and uncemented in most areas. Recharge to the alluvial and ter-
race deposits in the Reservation is mostly from precipitation.
Recharge in the study area is about 1.5 inches per year (Petty-
john and others, 1983, p. 42-43).

Maps of the study area in this report will be presented in
the format shown in figures 2 and 3. The western area will be
presented first and then the eastern area, because of the scale
needed to see closely-spaced test holes.

Methods

Test hole locations were distributed across the alluvial and
terrace deposits on private land and along road rights-of-way.
Data from these 103 test holes were used to characterize the
Quaternary aquifer. Electrical conductivity log data were used
to define the sediment in the aquifer. Water-level measurements
were used to describe the saturated thickness of the aquifer.
Water samples were collected from test holes and used to mea-
sure water-quality properties. Sediment cores were analyzed for
grain size and used to calculate hydraulic conductivity and
transmissivity. Net sand and saturated thickness were mapped
to provide a tool for evaluating potential water availability of
the Quaternary aquifer.

Site Selection

Test holes were placed on private land and along road
rights-of-way underlain by alluvial and terrace deposits. Test
hole locations depended on landowner permission and road
accessibility. The 103 test holes were distributed across the
alluvial and terrace deposits (figs. 2 and 3). Geologic sections
X-X' and Y-Y' were constructed from test-hole data obtained
along two transects of closely-spaced test holes that extended
from the terrace deposits to the alluvium near the river channel
(figs. 2 and 3). These transects were located to investigate
changes in the sediment type, water level, and water quality
across the aquifer. Site locations were determined using a glo-
bal positioning system with a horizontal accuracy of about 30
feet. Each site was assigned a local identifier number made up
of a site sequence number and a letter identifying alluvium (A)
or terrace deposit (T).

Field Procedures

A truck-mounted Geoprobe was used to make 103 tempo-
rary test holes. No materials were permanently installed in the
aquifer. Electrical conductivity logs were produced for each test
hole to define the aquifer thickness and to estimate sediment
grain size. Water levels were determined for 49 test holes, and
water samples were collected for water-quality field analyses at
46 test holes yielding enough water to sample. Sediment cores
were extracted from 20 of the 103 test holes for sieve analyses
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of grain size and interpretation of sediment grain size from the
electrical conductivity logs.

Electrical Conductivity Logs

An electrical conductivity probe, 15 inches long and 1.5
inches in diameter, was used to measure the electrical conduc-
tivity of the alluvial and terrace deposits in a vertical profile.
Conductivity log data were relayed through a coaxial cable to a
computer at the surface as the probe advanced into the ground.
The depth where the probe penetration slowed markedly was
assumed to be bedrock at the base of the Quaternary aquifer.

Water Levels and Water Samples

A 1-foot long stainless steel screen of 1.25-inch diameter
was driven down into the aquifer to make a hole for water-level
measurements and water samples. Extraction of the conductiv-
ity probe out of the test hole disturbed the aquifer sediments and
the possibility of collecting water samples from discrete zones;
therefore, a new hole was created within 6 inches of the hole
used for conductivity measurements. An electric water-level
sounding device was lowered into the new test hole to measure
the depth to water from land surface. Measurements were
recorded to the nearest 0.1 foot.

Water samples were collected using polyethylene tubing
and a peristaltic pump. Water samples were collected at three
depth intervals, where possible. The sample depth listed in
Appendix 2 was the deepest depth of the screened interval. The
objective was to sample at shallow, medium, and deep intervals
below the water table. Designations of shallow, medium, and
deep intervals below the water table in this report were arbi-
trarily chosen as 0 to 10 feet, greater than 10 to 20 feet, and
greater than 20 feet. Water was pumped for at least 2 minutes at
each sample level or until the water visually cleared of turbidity
before sampling. Specific conductance, pH, and water temper-
ature were measured using electrometric meters. Dissolved
oxygen and nitrate were measured using field screening colori-
metric methods. The dissolved-oxygen concentrations were
measured using the indigo carmine method, with a minimum
reporting limit of 1 milligram per liter (mg/L) (CHEMetrics,
CHEMets kit, K-7512). The nitrate concentrations were mea-
sured using cadmium-reduction/azo dye formation method,
with a minimum reporting limit of 2.5 mg/L (CHEMetrics, vac-
uettes kit, K-6902D). Ten test holes were sampled a second
time to evaluate changes in nitrate concentrations with time and
to compare field-screened nitrate concentrations with labora-
tory analyses. The USGS National Water Quality Laboratory in
Lakewood, Colorado, analyzed the 10 nitrate samples using a
cadmium-reduction colorimetry method with a laboratory
reporting limit of 0.06 mg/L. At the same time the 10 nitrate
samples were collected for the laboratory analyses, water sam-
ples were collected and tested using the field screening colori-
metric method for comparison of results.

Laboratory Core Analysis

Sediment cores were collected from 20 of the 103 test
holes, (figs. 2 and 3). Ten cores each were collected from the
alluvium and from the terrace deposits. The cores were col-
lected for the entire thickness of the aquifer in 4-foot intervals
inside 1.5-inch diameter plastic sleeves. The cores were kept
vertical until completely dried to maintain the stratification of
the sediments. After drying, the sediment cores were divided
into units based on visual interpretation of gross grain size. Sed-
iment samples weighing about 100 grams each were collected
from each of the units. A series of 10 wire-mesh sieves with
openings ranging in size from 16 to 0.045 millimeters (mm)
were stacked in descending order with the largest size on top.
Each sediment sample was placed in the top sieve and then
shaken for about 12 minutes in a Rotap sieving machine. This
process separated the sediment sample into 10 units by grain
size. The amount of sediment collected in each sieve was
weighed using a digital scale. Weight percent of each sieve size
was plotted against cumulative weight percent to produce a
cumulative frequency curve for each sample (fig. 5).

Grain sizes shown on the cumulative frequency curves are
expressed in phi (φ) values. Theφ value is a logarithmic scale
that allows grain size data to be expressed in units of equal value
for the purpose of graphical plotting and statistical calculations.
Particle size, expressed in millimeters, decreases with increas-
ing φ values and increases with decreasingφ values (Boggs,
1995, p. 80). The relation of phi to a diameter in millimeters is
expressed by:

φ = -log2 d (1)

where “d” is the diameter of the sediment grains.
The weighted-mean grain size for each core was deter-

mined by the following method:
1. Cumulative frequency curves (fig. 5A and 5B) for each

sample were plotted.

2. The 16, 50, and 84 percentileφvalues were averaged to
get the sample-interval mean grain size, in phi units
(Folk, 1968, p. 45).

3. The sample-interval mean grain size was multiplied by
the sample-interval thickness, in feet, to get an interval-
thickness-mean grain size, in phi units.

4. The interval-thickness-mean grain size values were
summed and divided by the total thickness, in feet, of the
core to get a weighted-mean grain size, in phi units.

Aquifer Characteristics

Aquifer characteristics determined for this report include
sediment thickness, saturated thickness, sediment grain size,
and net sand. The sediment thickness defines how much sedi-
ment was present at each test hole site. The saturated thickness
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establishes how much water was present in the aquifer at the
time of the study. The sediment grain size distribution provided
data for calculating the hydraulic conductivity and transmissiv-
ity. The net sand data describes how much aquifer material was
present to transmit water readily. These aquifer characteristics
were used to calculate hydraulic conductivity and transmissivity
and evaluate the potential water availability of the Quaternary
aquifer.

Sediment Thickness

The total sediment thickness at each test hole was deter-
mined from the depth penetrated by the electrical conductivity
probe. The measured thickness of the alluvium ranged from
13.7 to 49.8 feet (fig. 4, and Appendix 1). The measured thick-
ness of the terrace sediments ranged from 7 to 93.8 feet (fig. 4,
and Appendix 1).

Saturated Thickness

Water levels were determined for 42 of the 52 test holes in
alluvial deposits, and for 7 of the 51 test holes in terrace depos-
its. All test holes in the alluvial deposits contained water, but
water levels were not measured for 10 of the 52 alluvial test
holes because of complications in the field. Water levels were
measured from June to September 2002. Although most of the
test holes in terrace deposits were dry, five of the test holes con-
tained sufficient water for sampling. Water levels could not be
measured for 1 of these 5 test holes in terrace deposits because
of complications in the field. The saturated thickness of all sed-
iments ranged from 0 to 38.2 feet with a median of 24.8 feet,
(figs. 6, 7, and Appendix 1).

Sediment Grain Size

The weighted-mean grain size for cores from the alluvial
deposits ranged from 3.69 to 0.64φ, (0.08-0.64 mm), and
ranged from 4.02 to 2.01φ (0.06-0.25 mm) for the cores from
terrace deposits. The mean of the weighted-mean grain sizes for
cores from the alluvial deposits was 1.67φ (0.31 mm), and the
terrace deposits was 2.73φ (0.15 mm). Two cores, 028T and
039T (figs. 2 and 3), were located in areas of increased slope
near the boundary of the alluvium and the terrace deposits and
initially were designated as terrace deposits. Samples taken
from the base of these cores are represented by the four anoma-
lous curves on the left in figure 5B. These coarse sediments
indicated in the curves for these samples are more representa-
tive of alluvial deposits than terrace deposits and were not
included in the grain-size calculations for the terrace deposits.

Net Sand

Electrical conductivity logs were compared to the core
data of the alluvial and the terrace deposits to determine log

responses for sand-gravel intervals and for silt-clay intervals.
The electrical conductivity of the sand and gravel intervals was
typically less than 30 millisiemens per meter. The silt and clay
intervals were generally greater than 30 millisiemens per meter
(fig. 8). The net sand (figs. 6, 7, and Appendix 1), which
includes both sand and gravel, was estimated for each test hole
from electrical conductivity logs (fig. 8). The net sand of the
alluvium ranged from 0.7 to 47.5 feet with a median of 24.5
feet. The net sand of the terrace deposits ranged from 0.1 to 85.3
feet with a median of 30.9 feet.

Calculated Hydraulic Conductivity and Transmissivity

Hydraulic conductivity is the rate at which water moves
through a porous medium under a unit head gradient (Fetter,
1988, p. 571). Hydraulic conductivity was calculated from grain
size at which 10 percent of the grains are finer by weight (Fetter,
1988, p. 81). This grain size for each sample is equivalent to the
90 percent cumulative weight percent shown in figure 5. Grain
size values of low permeability, such as clays, were eliminated
from the hydraulic conductivity calculation. The hydraulic con-
ductivity was calculated for each sieve sample by squaring the
10 percent finer grain size, in centimeters, and multiplying by a
constant of 80 to get centimeters per second (cm/s) (Fetter,
1988, p. 81). The hydraulic conductivity in cm/s was converted
to feet per day (ft/d) (Appendix 3). Then the hydraulic conduc-
tivity in ft/day was averaged for each core. The calculated
hydraulic conductivity of the alluvium ranged from 2.9 ft/d to
6,000 ft/d and the terrace deposits ranged from 2.9 ft/d to 430
ft/d. The mean of these hydraulic conductivity values for the
alluvium was 290 ft/d and the mean for the terrace deposits was
30 ft/d.

Transmissivity is defined as the amount of water that can
be transmitted horizontally by a fully saturated thickness of the
aquifer under a unit hydraulic gradient (Fetter, 1988, p. 578).
The standard unit for transmissivity is cubic feet per day per
square foot multiplied by the feet of saturated thickness of the
aquifer, which reduces to feet squared per day, (ft2/d).

Transmissivity values for each cored test hole was calcu-
lated by multiplying the mean hydraulic conductivity value for
the test hole and the saturated thickness for the test hole. The
transmissivity of the six cored test holes in the alluvial deposits
ranged from 2,000 ft2/d to 26,000 ft2/d and the median was
5,100 ft2/d.

Water Availability

Water availability was evaluated by mapping net sand and
saturated thickness of the Quaternary aquifer (figs. 6 and 7).
These maps depict only estimates of water availability for the
aquifer. The most accurate way to evaluate water availability is
to drill wells and perform aquifer tests. Zones that will produce
more water are those that have greater sand thickness and
greater saturated thickness if water-transmitting characteristics
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are similar. Water levels were measured from June to September
2002 to determine saturated thickness. Saturated thickness
varies according to the amount of seasonal precipitation and
river levels for parts of the aquifer near the river, adding some
variability to estimated saturated thickness (figs. 6 and 7). Given
a specific yield of 20 percent (Walton, 1970), 38,450 acres of
alluvial deposits in the study area, and an average saturated
thickness of 25 feet, water in storage in the alluvium was esti-
mated to be approximately 200,000 acre-feet. The amount of
water annually recharging the aquifer is approximately 4,800
acre-feet, given an estimated annual recharge of 1.5 inches per
year (Pettyjohn and others, 1983, p.42-43) and 38,450 acres of
alluvial deposits in the study area. These storage and recharge
estimates would change during development of the aquifer.
Development of pumping well fields would likely induce leak-
age from the adjoining Arkansas River and underlying bedrock
units, potentially providing more water than what is available in
the alluvial and terrace sediments.

Water Quality

Water-quality data from the Quaternary aquifer included
field measurements of specific conductance, pH, water temper-

ature, dissolved oxygen, and nitrate. One hundred five water-
quality samples were analyzed from the 46 test holes that pro-
duced enough water to sample (Appendix 2). Water samples
were collected from December 2001 to August 2002. Ninety-
eight samples were from the alluvial deposits and seven were
from the terrace deposits. The terrace deposit locations that con-
tained ground water were few, but were distributed across the
study area (figs. 9, 10, 11, and 12).

The National Primary Drinking Water Regulations and
National Secondary Drinking Water Standards are used to eval-
uate health risks and drinking water quality (U.S. Environmen-
tal Protection Agency [USEPA], 2002). The primary regula-
tions are enforceable for public water systems based on health
risks, while the secondary standards are guidelines for the aes-
thetic quality of drinking water.

Specific conductance is a measure of the ability of fluid to
transmit an electric current (Hem, 1992, p. 66). Specific con-
ductance for all samples ranged from 161 to 6,650 microsie-
mens per centimeter (µS/cm). The median specific conductance
for the alluvium was 683µS/cm and the median for the terrace
deposits was 263µS/cm.

Specific conductance is directly proportional to dissolved-
solids concentration. Greater specific conductance values indi-
cate greater dissolved solids. Dissolved-solids concentration in
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milligrams per liter were estimated for the Quaternary aquifer
by multiplying the specific conductance values by 0.55. This
constant was determined by linear regression from water-qual-
ity data from domestic wells in the Quaternary aquifer in the
Osage Reservation (Abbott, 2000). Estimated dissolved-solids
concentration for the aquifer ranged from 88 to 3,658 mg/L
(Appendix 2). Estimated median dissolved-solids concentration
for the alluvium was 376 mg/L and for the terrace deposits was
145 mg/L. More than half of the samples from the Quaternary
aquifer were estimated to contain less than the Secondary
Drinking Water Standards recommendation of 500 mg/L for
dissolved solids (figs. 9 and 10).

 A pH of 7.0 indicates a neutral solution (Hem, 1992, p.
63). A pH greater than 7.0 indicates increasing alkalinity and
less than 7.0 indicates increasing acidity. Corrosiveness of
water generally increases with decreasing pH; however, exces-
sively alkaline water also may attack metals. The National Sec-
ondary Drinking Water Standard recommends pH values in the
range of 6.5 to 8.5. The median pH in the aquifer was 6.9 and
ranged from 6.0 to 7.4 (Appendix 2).

Water-temperature values ranged from 12.0 to 28.1
degrees Celsius (°C), with a mean of 20°C. Fifty percent of the
water-temperature values were between 18 and 21°C.

Dissolved-oxygen concentrations ranged from 0.5 to 6.0
mg/L. More than fifty percent of the concentrations were
between 1.0 and 3.0 mg/L (Appendix 2). Median dissolved-
oxygen concentration for the alluvium was 1.5 mg/L and for the
terrace deposits was 4.5 mg/L. Water recharging the aquifer can
contain oxygen similar to surface water in contact with the
atmosphere, which ranges from 7 to 13 mg/L (Hem, 1992,
p.155-156). Concentrations of dissolved oxygen less than 7 mg/
L are probably the result of microbial consumption of oxygen
or the reaction with organic matter or oxidizable minerals in the
aquifer (Hem, 1992, p.155-158).

Nitrogen is commonly associated with fertilizer, domestic
sewage, and animal waste contamination. Biochemical pro-
cesses in treatment plants and soil convert ammonia and organic
nitrogen, the reduced forms of nitrogen found in fertilizer and
animal waste, to nitrite and nitrate (Becker and others, 2003).
The National Primary Drinking Water Regulations maximum
contaminant level (MCL) for nitrate is 10 mg/L (U.S. Environ-
mental Protection Agency, 2002). Nitrate concentration greater
than the MCL can cause methemoglobinemia, (blue-baby syn-
drome), an often fatal disease in infants, and water with nitrate
concentrations greater than the MCL should not be used in
infant feeding, by pregnant women, or by nursing mothers (U.S.
Environmental Protection Agency, 2002).

Field-screened nitrate concentrations of the 105 water-
quality samples ranged from 0 to 15 mg/L (Appendix 2).
Median field-screened nitrate concentration for the alluvium
was 0.5 mg/L and for the terrace deposits was 3.0 mg/L. Nitrate
concentrations greater than 6 mg/L occurred mostly in the shal-
low and medium depths below the water table (figs. 11, 12, and
Appendix 2). At site 008A the nitrate concentration decreased
from 15.0 to 2.5 mg/L.

Ten of the 46 test holes were sampled a second time in
September 2002 to compare the field-screened nitrate values
with laboratory analyses from the USGS, National Water Qual-
ity Laboratory (table 1) and to evaluate changes in the nitrate
concentration with time. Hypothesis testing was used to deter-
mine if the water-quality samples from the first field screening,
second field screening, or the laboratory analysis were statisti-
cally different. The Wilcoxon rank sum test (Wilcoxon, 1945,
P-STAT, Inc., 1990), also called the Mann-Whitney test (Mann,
1945), was used because it is a nonparametric test that requires
no assumptions about the population distributions and is resis-
tant to data outliers. The null hypothesis for the Wilcoxon rank
sum test is that the two data sets have the same median and dis-
tribution. The null hypothesis is rejected if the probability (p-
value) of the 2-sided test is less than or equal to 0.05 (95 percent
confidence of relation) The alternate hypothesis is that the data
groups are significantly different for that constituent.

There was no statistically significant difference between
the first field screening, second field screening, or the labora-
tory analysis. The p-value was 0.32 between the first and sec-
ond field screening. This indicates that the values for the first
and second field screening were similar. The p-value was 0.57
between the first field screening and the laboratory analysis,
indicating that the values for the first field screening and the
laboratory analysis were similar. The p-value was 0.18 between
the second field screening and the laboratory analysis. If the p-
value was less than or equal to 0.05, then the field screening
methods would have been inconsistent with what the laboratory
reported and the two sample sets could not be compared. How-
ever, the field screening methods remained consistent to what
the laboratory reported and the two sample sets can be com-
pared.

The field-screened nitrate concentrations for the second
sampling in September 2002 were less than the corresponding
laboratory reported concentrations for every sample pair. This
difference indicates the field-screened nitrate concentrations
were probably less than a laboratory analysis would report. To
quantify this difference, a linear regression of the two data sets
was created. The linear regression indicates a field-screened
concentration of about 6.2 mg/L would be approximately equiv-
alent to a laboratory analysis of 10 mg/L or the Primary Drink-
ing Water Regulation MCL (fig. 13). Therefore, any field-
screened nitrate concentration greater than 6.0 mg/L could be
near the MCL or could be exceeding the MCL. During the ini-
tial sampling, five sample sites had nitrate concentrations
greater than 6.0 mg/L (table 1). Nine sites had similar nitrate
concentration values at both the initial and second samplings
(table 1).

Water-quality results indicate water in the Quaternary
aquifer could be suitable for drinking and/or irrigation supply.
Most areas in the aquifer contained nitrate and dissolved-solids
concentrations less than the MCL for drinking water regulations
and standards. Water in these areas could be used for public or
domestic drinking water supply. Isolated areas exist where con-
centrations of nitrate and dissolved solids exceed the MCL for
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drinking water regulations and standards. Water in those areas
could be used for irrigation and stock supply.

Summary

Additional sources of water are needed on the Osage Res-
ervation for future growth and development. The Quaternary
aquifer along the Arkansas River in the Osage Reservation may
represent a substantial water resource, but limited amounts of
hydrogeologic data were available for the aquifer. The Quater-
nary aquifer covers about 116 square miles in the study area
along the Arkansas River in western Osage County. It consists
of alluvial and terrace deposits of sand, silt, clay, and gravel.
The contact between the alluvial and the terrace deposits, for
this report, is located where the slope changes from a low angle
on the alluvial deposits to a greater angle on the terrace deposits.
Recharge to the Quaternary aquifer in the Osage Reservation is
about 1.5 inches per year. Thickness of the alluvium ranges
from 13.7 to 49.8 feet. Thickness of the terrace deposits at the
sites ranges from 7 to 93.8 feet.

Data collected from 103 test holes included electrical con-
ductivity logs, sediment cores, and water-quality measurements
of field parameters. Water levels were determined for 42 of the
52 test holes in the alluvial deposits, and for 7 of the 51 test
holes in terrace deposits. All test holes in the alluvial deposits
contained water, but water levels were not measured for 10 of
the 52 alluvial test holes because of complications in the field.
Although most of the test holes in terrace deposits were dry, five
of the test holes contained sufficient water for sampling.

The weighted-mean grain size for cores from the alluvium
ranged from 3.69 to 0.64φ, (0.08-0.64 millimeters) and ranged
from 4.02 to 2.01φ (0.06-0.25 millimeters) for cores from the
terrace deposits. The mean of the weighted-mean grain sizes for
the cores from the alluvium was 1.67φ (0.31 millimeters), and
the terrace deposits was 2.73φ(0.15 millimeters). The net sand
of the alluvium ranged from 0.7 to 47.5 feet with a median of
24.5 feet. The net sand of the terrace deposits ranged from 0.1
to 85.3 feet with a median of 30.9 feet. The calculated hydraulic
conductivity of the alluvium ranged from 2.9 to 6,000 feet per
day, and of the terrace deposits ranged from 2.9 to 430 feet per
day. The calculated transmissivity of the alluvium ranged from
2,000 to 26,000 feet squared per day, with a median of 5,100
feet squared per day. Given a specific yield of 20 percent,
38,450 acres of alluvial deposits in the study area, and an aver-
age saturated thickness of 25 feet, water in storage in the allu-
vium was estimated to be approximately 200,000 acre-feet. The
amount of water annually recharging the aquifer is approxi-
mately 4,800 acre-feet, given an estimated annual recharge of
1.5 inches per year and 38,450 acres of alluvium in the study
area.

Water-quality data from the Quaternary aquifer included
field measurements of specific conductance, pH, water temper-
ature, dissolved oxygen, and nitrate (nitrite plus nitrate as nitro-

gen). One hundred five water-quality samples were analyzed
from the 46 test holes that produced water.

Specific conductance ranged from 161 to 6,650 microsie-
mens per centimeter with a median of 683 microsiemens per
centimeter. Specific conductance is directly proportional to dis-
solved-solids concentration. The estimated dissolved-solids
concentration for the aquifer ranged from 88 to 3,658 milli-
grams per liter. Estimated median dissolved-solids concentra-
tion for the alluvial deposits determined by a relation to specific
conductance was 376 milligrams per liter and for the terrace
deposits was 145 milligrams per liter. More than half of the
samples from the Quaternary aquifer were estimated to contain
less than the secondary drinking water standard of 500 milli-
grams per liter dissolved solids.

Field-screened nitrate concentration values of the 105
water-quality samples ranged from 0 to 15 milligrams per liter.
Median field-screened nitrate concentration for the alluvial
deposits was 0.5 milligram per liter and for the terrace deposits
was 3.0 milligrams per liter. At site 008A the nitrate concentra-
tion decreased from 15.0 to 2.5 milligrams per liter.

The field-screened nitrate concentrations were less than
corresponding laboratory reported values. A linear regression
of the two data sets indicates a field-screened value of about 6.2
milligrams per liter would be approximately equivalent to a lab-
oratory analysis of 10 milligrams per liter or the maximum con-
taminant level (MCL) for the Primary Drinking Water Regula-
tion. Therefore, any field-screened nitrate concentration greater
than 6.0 milligrams per liter could be at or greater than the
MCL. During the initial sampling, five sample sites had nitrate
concentrations greater than 6.0 milligrams per liter. Nine sites
had similar nitrate concentration values at both the initial and
later samplings.

Water quality results indicate water in the Quaternary
aquifer could be suitable for drinking and/or irrigation supply.
Most areas in the aquifer contained nitrate and dissolved-solids
concentrations less than the MCL or National Drinking Water
Regulations and Secondary Drinking Water Standards. Water
in these areas could be used for public or domestic drinking
water supply. Isolated areas exist where concentrations of
nitrate and dissolved solids exceed the MCL for National
Drinking Water Regulations and Standards. Water in those
areas could be used for irrigation and stock supply.
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28 Aquifer Characteristics, Water Availability, and Water Quality of the Quaternary Aquifer, Osage County, Northeastern
Oklahoma, 2001-2002
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Appendix 3.  Sieve data and calculated hydraulic conductivity for the Quaternary aquifer, western Osage County, Oklahoma

[T, terrace deposits; A, alluvium; *, data not included because of small grain size;Φ10, negative log2 of the grain size in millimeters of the 10 percentile finer by
weight; Diameter10, diameter of the 10 percentile finer by weight; cm, centimeters; ft/d, feet per day]

Local identifier
(figs. 2 and 3)

Sample depth
(feet) Φ10 Diameter10

(cm)

Hydraulic
conductivity

(ft/d)

001T 1.0 4.6 0.00412 3.9

001T 3.0 4.4 0.00474 5.1

001T 5.0 4.7 0.00385 3.4

001T 7.0 4.7 0.00385 3.4

001T 10.0 3.8 0.00718 12

001T 11.0 4.2 0.00544 6.7

001T 13.0 3.6 0.00825 15

001T 15.0 4.8 0.00359 2.9

001T 17.0 4.7 0.00385 3.4

001T 19.0 3.8 0.00718 12

001T 20.0 4.8 0.00359 2.9

001T 23.0 3.8 0.00718 12

001T 24.0 3.8 0.00718 12

002A 2.0 4.7 0.00385 3.4

002A 6.0 4.8 0.00359 2.9

002A 9.5 4.6 0.00412 3.9

002A 13.0 3.6 0.00825 15

002A 15.0 4.0 0.00625 8.9

002A 16.0 3.4 0.00947 20

002A 20.0 1.8 0.02872 190

002A 22.0 3.0 0.01250 35

002A 22.5 3.8 0.00718 12

002A 23.0 0.8 0.05743 750

002A 24.0 1.3 0.04061 370

002A 28.0 2.0 0.02500 140

007A 4.5 4.6 0.00412 3.9

007A 20.0 3.9 0.00670 10

007A 24.0 0.9 0.05359 650

007A 28.0 1.8 0.02872 190

009T 0.5 4.7 0.00385 3.4

009T 1.5 4.7 0.00385 3.4

009T 8.0 2.8 0.01436 47
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009T 12.0 2.8 0.01436 47

009T 16.0 2.8 0.01436 47

009T 22.0 3.4 0.00947 20

009T 24.0 3.7 0.00769 13

009T 26.5 2.8 0.01436 47

009T 30.5 3.0 0.01250 35

010A 14.0 3.8 0.00718 12

010A 16.0 2.6 0.01649 62

010A 20.0 2.3 0.02031 93

010A 22.0 0.9 0.05359 650

011T 1.0 4.3 0.00508 5.8

011T 3.0 4.7 0.00385 3.4

011T 5.0 4.8 0.00359 2.9

011T 9.0 4.6 0.00412 3.9

011T 14.0 4.6 0.00412 3.9

011T 19.0 4.7 0.00385 3.4

011T 24.0 3.5 0.00884 18

011T 28.0 2.6 0.01649 62

022A 3.0 4.8 0.00359 2.9

022A 4.0 4.6 0.00412 3.9

022A 8.0 2.9 0.01340 41

022A 12.0 3.8 0.00718 12

022A 15.0 2.9 0.01340 41

022A 16.0 2.2 0.02176 110

022A 20.0 1.7 0.03078 210

022A 24.0 1.9 0.02679 160

022A 28.0 1.3 0.04061 370

022A 35.0 -0.4 0.13195 3,900

022A 40.0 1.5 0.03536 280

022A 44.0 1.3 0.04061 370

026A 6.0 3.0 0.01250 35

026A 14.0 2.5 0.01768 71

Appendix 3.  Sieve data and calculated hydraulic conductivity for the Quaternary aquifer, western Osage County, Oklahoma—Contin-
ued.

[T, terrace deposits; A, alluvium; *, data not included because of small grain size;Φ10, negative log2 of the grain size in millimeters of the 10 percentile finer by

Local identifier
(figs. 2 and 3)

Sample depth
(feet) Φ10 Diameter10

(cm)

Hydraulic
conductivity

(ft/d)



38 Aquifer Characteristics, Water Availability, and Water Quality of the Quaternary Aquifer, Osage County, Northeastern
Oklahoma, 2001-2002

026A 20.0 2.9 0.01340 41

026A 28.0 1.9 0.02679 160

026A 32.0 1.6 0.03299 250

026A 38.0 1.6 0.03299 250

027T 4.0 4.2 0.00544 6.7

027T 8.0 3.4 0.00947 20

027T 12.0 3.0 0.01250 35

027T 17.0 3.0 0.01250 35

027T 23.0 3.4 0.00947 20

028T 1.0 4.6 0.00412 3.9

028T 4.0 2.8 0.01436 47

028T 12.0 4.1 0.00583 7.7

028T 16.0 3.4 0.00947 20

028T 24.0 2.9 0.01340 41

028T 35.7 3.7 0.00769 13

028T 38.0 1.2 0.04353 430

028T 39.7 1.4 0.03789 330

035T 1.0 4.6 0.00412 3.9

035T 4.0 2.7 0.01539 54

035T 8.0 2.9 0.01340 41

035T 12.0 3.7 0.00769 13

035T 16.0 4.3 0.00508 5.8

035T 23.0 4.0 0.00625 8.9

035T 24.0 4.0 0.00625 8.9

035T 28.0 4.4 0.00474 5.1

035T 32.0 3.6 0.00825 15

035T 40.0 4.6 0.00412 3.9

035T 44.0 3.3 0.01015 23

035T 47.0 3.8 0.00718 12

035T 50.0 3.0 0.01250 35

039T 4.0 4.1 0.00600 8.2

039T 8.0 4.8 0.00359 2.9

Appendix 3.  Sieve data and calculated hydraulic conductivity for the Quaternary aquifer, western Osage County, Oklahoma—Contin-
ued.

[T, terrace deposits; A, alluvium; *, data not included because of small grain size;Φ10, negative log2 of the grain size in millimeters of the 10 percentile finer by

Local identifier
(figs. 2 and 3)

Sample depth
(feet) Φ10 Diameter10

(cm)

Hydraulic
conductivity
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039T 13.0 4.4 0.00474 5.1

039T 20.0 4.1 0.00583 7.7

039T 24.0 2.8 0.01436 47

039T 28.0 4.1 0.00583 7.7

039T 32.0 2.9 0.01340 41

039T 36.0 2.9 0.01340 41

039T 40.0 2.0 0.02500 140

045A 1.5 3.8 0.00718 12

045A 4.0 2.7 0.01539 54

045A 8.0 2.9 0.01340 41

045A 16.0 1.8 0.02872 190

045A 20.0 2.6 0.01649 62

045A 22.0 4.4 0.00474 5.1

045A 28.0 1.7 0.03078 210

045A 32.0 0.9 0.05359 650

045A 41.9 1.0 0.05000 570

047A 1.0 4.6 0.00412 3.9

047A 20.0 2.9 0.01340 41

047A 16.0 2.6 0.01649 62

047A 26.0 1.7 0.03078 210

047A 35.5 2.9 0.01340 41

047A 39.0 1.2 0.04353 430

047A 42.0 0.9 0.05359 650

047A 44.0 1.9 0.02679 160

047A 47.8 1.7 0.03078 210

053T * * * *

056A 8.0 2.9 0.01340 41

056A 12.0 3.1 0.01166 31

056A 16.0 2.3 0.02031 94

056A 23.0 -0.7 0.16245 6,000

056A 24.0 2.9 0.01340 41

056A 33.0 2.8 0.01436 47

Appendix 3.  Sieve data and calculated hydraulic conductivity for the Quaternary aquifer, western Osage County, Oklahoma—Contin-
ued.

[T, terrace deposits; A, alluvium; *, data not included because of small grain size;Φ10, negative log2 of the grain size in millimeters of the 10 percentile finer by

Local identifier
(figs. 2 and 3)

Sample depth
(feet) Φ10 Diameter10
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Hydraulic
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056A 37.0 2.8 0.01436 47

071A 1.0 4.1 0.00583 7.7

071A 4.0 4.7 0.00385 3.4

071A 16.0 3.4 0.00947 20

071A 20.0 2.0 0.02500 140

071A 24.0 2.6 0.01649 62

071A 28.0 2.3 0.02031 94

071A 38.0 1.4 0.03789 330

082T 1.0 4.4 0.00474 5.1

082T 4.0 4.2 0.00544 6.7

082T 24.0 3.8 0.00718 12

082T 28.0 2.9 0.01340 41

092A * * * *

094T * * * *

Appendix 3.  Sieve data and calculated hydraulic conductivity for the Quaternary aquifer, western Osage County, Oklahoma—Contin-
ued.

[T, terrace deposits; A, alluvium; *, data not included because of small grain size;Φ10, negative log2 of the grain size in millimeters of the 10 percentile finer by

Local identifier
(figs. 2 and 3)

Sample depth
(feet) Φ10 Diameter10

(cm)

Hydraulic
conductivity

(ft/d)
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