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Explanation of the Site-numbering System

The locations of the sample-collection sites are identified by a site-identification number and a local identification
number. The site-id number is composed of the latitude and longitude of the location to the nearest second plus a sequence
number. The location of the dot in the figure is latitude 36°41°40” and longitude 96°21°59”. A sequence number is added
to make the local identifier unique in the U.S. Geological Survey data base. If the sequence number is 1, the complete site-
id number is 364140096215901. The local identifier number includes the township and range followed by the section and a
series of letters that designate the quarter-section subdivisions, from the largest to the smallest. The order of the quarter-
section subdivisions differs from that used by the U.S. Bureau of Land Management and the public land survey. As
illustrated in the figure, the public land survey description of the site indicated by the dot as NW1/4 NW1/4 NW1/4 sec. 32,

T. 26 N.,R. 09 E., is denoted by the local identifier number 26N~09E~32 BBB. If the sequence number is 1, the complete
identifier number is 26N-09E—-32 BBB 1.

26N-09E-32 BBB 1
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Water Quality of the Quaternary and Ada-Vamoosa Aquifers on the Osage
Reservation, Osage County, Oklahoma, 1997

By Marvin M. Abbott

ABSTRACT

The project was to provide information on the qual-
ity of ground water from rural-domestic-water wells
within the Osage Reservation and compare the
water-quality to proximity to oil wells. About 38,500
oil wells have been drilled in the Reservation since
drilling began in 1896. About 1,480 square miles or 64
percent of the Reservation is within a quarter mile of an
oil well. The unconfined Quaternary sand aquifer cov-
ers about 315 square miles or about 14 percent of the
Reservation and the confined Ada-Vamoosa sandstone
aquifer covers about 800 square miles or about 35 per-
cent of the Reservation. Fifty-eight percent of the Qua-
ternary aquifer and 69 percent of the outcrop area of
the Ada-Vamoosa aquifer are within a quarter mile of
an oil well.

One hundred twenty domestic ground-water wells
were sampled from the Quaternary and Ada-Vamoosa
aquifers. Forty-nine percent of the Reservation is
underlain by the aquifers. Ground-water quality is
good on most of the Reservation, but the use of domes-
tic-water-supply wells tend to minimize water-quality
problems. Existing water-supply wells commonly are
located in areas that produce usable volumes of potable
water. ’

Several constituents in samples from the
Ada-Vamoosa-aquifer within a quarter mile of an oil
well were significantly greater than from the aquifer
not near oil wells. The constituents include specific
conductance, dissolved solids, sodium, sulfate, chlo-
ride, bromide, and silica. These ions are probably
derived from brine water. In the Ada-Vamoosa aquifer
subgroups, 57 percent of the samples near oil wells and
24 percent of the samples not near oil wells had dis-
solved-solids concentrations greater than 500 milli-
grams per liter.

The water quality in the Quaternary and
Ada-Vamoosa aquifers is similar in areas where no oil
wells have been drilled but is significantly different for
several constituents. Median concentrations of major

constituents from the Ada-Vamoosa aquifer not near
oil wells were less than or equal to values from the
Quaternary aquifer. Sixty-four percent of the
water-quality samples from the Quaternary and 51 per-
cent from the Ada-Vamoosa aquifers have dis-
solved-solids concentrations less than the secondary
drinking water regulations of 500 milligrams per liter.
Fifty-nine percent of the aquifer samples in the Quater-
nary aquifer subgroups not near oil wells and 70 per-
cent of the samples near oil wells had dissolved solids
less than 500 milligrams per liter.

Areas in the Ada-Vamoosa aquifer near Hominy,
Pershing, and Hula Lake have dissolved-solids con-
centrations greater than the secondary drinking water
regulations. Water-quality samples from the Quater-
nary aquifer in these areas also have dissolved-solids
concentrations greater than 500 milligrams per liter.

INTRODUCTION

In response to concemns about the effects that oil
production might have on water quality and to obtain
information needed to plan and manage the increasing
demands for water on the Osage Reservation, the U.S.
Geological Survey, in cooperation with the Osage Tribe
conducted a study of the water quality in the Quaternary
and Ada-Vamoosa aquifers in the Osage Reservation,
northeastern Oklahoma (fig. 1). The project included
documenting information for rural-domestic-water wells,
collecting 120 water-quality samples from those wells, and
comparing the water-quality to proximity to oil wells.
Locating and sampling the wells was conducted from
September to December 1997.

About 38,500 oil wells have been drilled in the
Reservation since drilling began in 1896 (fig. 2). Location
of oil wells in the Reservation was from the Natural
Resources Information System data base (Geo Information
Systems, 1999). About 17,600 oil wells were drilled before
1940 (Bass and others, 1942) and 3,200 of these were dry
and abandoned. In 1988 only about 12,680 oil wells were
actively operated and 4,200 of these were classified as
pressure maintenance, salt-water disposal, or water-flood

1
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System Series Group Formation Informal subsurface unit
: Oologah Limestone Big lime
Marmaton Fort Scott Limestone Peru sand Oswego lime
o = ' Prue sand
= ] Cabaniss Verdigris lime
.g % Skinner sand
> =] . .
é E Pink lime
S A Red Fork sand
Krebs Burbank sand
Bartlesville sand
Burgess sand
Pitkin Limestone
= Fayetteville Shale
é Batesville
g Hindsville Limestone Mississippi chat
2 Moorefield Mississippi lime
= Keokuk Limestone
Reeds Spring
St. Joe Group
Mississippian/Devonian Chattanooga Shale
Ordovician Simpson
Cambrian/Ordovician Arbuckie Limestone Siliceous lime

Figure 3. Subsurface-geologic and major time-stratigraphic units in the Osage Reservation, Oklahoma (from Bass and others, 1942; Marcher and

Bingham, 1971, and Miser, 1954).

injection wells. The remaining oil wells (about 26,000) are
temporarily or permanently plugged and abandoned. About
1,480 square miles or 64 percent of the Reservation is
within a quarter mile of an oil well. Peak annual production
on the Reservation was more than 40,000,000 barrels in
1922 (Bass and others, 1942). The term “oil well” is an
industry well drilled through the freshwater aquifers to oil
and gas production depths; including oil and gas producers,
nonproducing wells, injection wells, salt-water disposal
wells, plugged wells, and abandoned wells.

Many subsurface formations listed in figure 3 have been
oil-producing strata in the Reservation. Qil production is
shallow by United States standards, with producing zones
ranging from a few hundred to about 3,500 feet in depth.

Purpose and Scope

The report documents the water-quality data and
presents the summary statistics of the water-quality data for
the aquifers and aquifer subgroups, as determined by
proximity to oil wells. The report describes nonparametric
statistical comparison tests of the water-quality data for the
aquifers and aquifer subgroups to determine if the groups
are statistically different. The report compares the
water-quality summary statistics for the aquifers and
aquifer subgroups. Areal distribution of aquifer boundaries,
water-quality sample locations, oil-well locations within a

quarter-mile buffer zone, box plots of the summary
statistics for selected constituents, and water-quality
diagrams of the aquifer samples are presented.
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Description of the study area

The Osage Reservation, otherwise known as Osage
County (fig. 1), consists of about 2,260 square miles. The
Reservation is characterized by gently-rolling uplands
with locally sharp cuestas formed by resistant sandstone
and limestone ledges. The Arkansas River borders the
Reservation on the south and southwest. The eastern and
southeastern part of the Reservation is known informally
as the Cross Timbers, an area characterized by open oak
and hickory woodlands with scattered, grassy savannah
areas. The western part of the Reservation, known
informally as the Bluestem Hills, is mostly open savanna.
The highest altitude is about 1,350 feet above sea level
along the cuesta northeast of Foraker in the northwestern
part of the Reservation; the lowest altitude is about 600
feet above sea level along Hominy and Delaware Creeks
south of Skiatook in the southeastern part of the
Reservation. Mean annual precipitation across the
Reservation ranges from 34 inches near Ponca City, on
the western edge to greater than 38 inches near Tulsa, in
the southeast part (Oklahoma Climatological Survey,
1999).

The Reservation is underlain by sedimentary rocks of
Quatemnary, Permian, and Pennsylvanian1 age that dip
gently west-northwest (figs. 1 and 2). Rocks under the
western part of the Reservation in the open savanna
consist predominately of limestone, dolomite, and shale;
whereas rocks under the eastern part in the woodlands
consist primarily of sandstone, shale, and some limestone
and dolomite.

Description of hydrogeologic units

Fresh ground-water aquifers on the Reservation
consist of alluvial and terrace deposits of Quaternary age
and sandstones of Pennsylvanian age (fig 4). Water in the
aquifers is comprised of recharge from rainwater and
surface water, connate water deposited with the
sediments, and brines from greater depths (Drever, 1988,
Richter and Kreitler, 1991). Most of the fresh water in the
aquifers is from the infiltration of rainwater into the
aquifer through the outcrops. Regionally fresh ground
water is underlain by briny water (Richter and Kreitler,
1991).

Quaternary aquifers The Quaternary aquifer covers
about 315 square miles or about 14 percent of the
Reservation (fig. 1) and consists of alluvial and terrace
deposits of sand, silt, clay, and gravels (fig. 4). The
alluvium is deposited by water in the stream and river
valleys. Thickness of these deposits ranges from 30 to 80

! The strati graphic nomenclature and age determination
used in this report are those accepted by the Oklahoma
Geological Survey and do not necessarily agree with
those of the U.S. Geological Survey.

feet along major streams and from O to 60 feet along
minor streams (Bingham and Bergman, 1980, plates 1 and
2). The terrace deposits are wind-deposited, and the
maximum thickness of those deposits is 75 feet along
major streams (Bingham and Bergman, 1980). The
Quatemnary is an unconfined aquifer and is uncemented in
most areas.

Recharge to the Quaternary alluvial and terrace
deposits in the Reservation was estimated to be similar to
the Enid isolated terrace aquifer that receives 2.3 inches
of recharge from 31 inches of precipitation or 7.4 percent
of mean annual precipitation (Kent and others, 1982). The
Enid isolated terrace aquifer, 50 miles west of the
Reservation, is of similar age, deposition, and
cementation and has hydraulic-conductivity values
ranging from 93 to 134 feet per day (Beausoleil, 1981).
Using the Enid aquifer as a model, recharge to the
Quaternary aquifer in the Reservation would range from
about 2.5 inches near Ponca City to about 2.8 inches near
Tulsa.

Pennsylvanian age sandstone aquifers The outcrop for the
Ada-Vamoosa aquifer system includes about 800 square
miles or about 35 percent of the Reservation in a broad
north-south band (figs. 1 and 2) (Bingham and Bergman,
1980, plates 1 and 2). The Ada Formation in the
Reservation is about 400 feet thick and consists of
interbedded limestone and shale units near the Kansas
border grading into fine-grained sandstones interbedded
with limestone and shale near the southem border of the
Reservation. The Vamoosa Formation is about 630 feet
thick and consists of alternating layers of shale and fine to
coarse-grained sandstone with some limestone (Bingham
and Bergman, 1980, plate 1). The aquifer is mostly
semiconfined or confined by the alternating lithologic
units, except where the individual sandstones crop out.
The sandstones are well cemented to semicemented with
clay and calcite (Oakes, 1959; Shelton and others, 1985;
Greig, 1959). D’Lugosz and others (1986) reported
hydraulic conductivity values ranging from 2 to 4 feet per
day. Recharge to the aquifer was estimated to be 4 percent
of mean annual precipitation (D’Lugosz and others, 1986)
or an average of 1.4 inches across the Reservation.
Recharge to the Ada-Vamoosa aquifer is about half the
rate of recharge in the Quaternary aquifer. Most of the
fresh ground water withdrawn from sandstone aquifers in
the Reservation is from the Ada-Vamoosa aquifer (figs. 1
and 2) (Bingham and Bergman, 1980, plates 1 and 2).

The Tallant, Barnsdall, Wann, and Chanute Formations
comprise the minor Pennsylvanian aquifer; crop outin a
north-south band along the eastern portion of the
Reservation, and underlie the Ada-Vamoosa aquifer (figs.
1 and 2) (Bingham and Bergman, 1980, plates 1 and 2).
The combined outcrop of these units covers about 480
square miles or about 21 percent of the Reservation. The

8  Water quality of the Quaternary and Ada-Vamoosa aquifers on the Osage Reservation, Oklahoma
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formations consist of shale, fine to medium-grained sand-
stone, and thin limestone layers. Combined thickness of
these units ranges from 127 to 600 feet. Fresh ground
water from the Tallant, Barnsdall, Wann, and Chanute
Formations also is reported but in lesser amounts (figs. 1
and 2) (Bingham and Bergman, 1980, plates 1 and 2). Few
ground-water wells are completed in the minor Pennsyl-
vanian aquifer, possibly because of the limited amount of
water available. The water-quality samples from the
minor Pennsylvanian aquifer are included with the
Ada-Vamoosa aquifer samples for statistical and discus-
sion purposes.

METHODS

Sampling Network Design

The ground—water—quality-sampling network was
designed to randomly select sites to obtain a statistical
representation of the water quality from areal subsets
across the Reservation. The subsets had common spatial
characteristics that divided the Reservation into
categories, by aquifer type and proximity to oil wells,
using a geographic information system. Water-quality
samples were categorized as being from wells completed
in:

* Quaternary aquifer, nof near.an oil well,

» Quaternary aquifer, near an oil well,

» Ada-Vamoosa aquifer, not near an oil well,
» Ada-Vamoosa aquifer, neai an oil well.

The region of each category was divided into 30
equal-area cells, based on the number of samples initially
planned for each category (Scott, 1990). Primary and
alternate sampling sites were randomly selected within
each cell. Initial efforts to locate an existing well within a
cell were directed near these sites. If wells were not
located near the selected sites, any available existing well
within the cell was alternatively selected for sampling.
Some cells contained no water wells.

An arbitrary radial distance of a quarter mile was
selected to define the buffer zone in which an oil well
might affect the quality of water in the freshwater
aquifers. About 1,480 square miles or 64 percent of the
Reservation is within the quarter-mile buffer zones of the
oil wells (fig. 3). Fifty-eight percent of the Quaternary
aquifer, 69 percent of the outcrop area of the
Ada-Vamoosa aquifer, and 78 percent of the outcrop area
of the minor Pennsylvanian aquifer are near oil wells. Qil
wells with proper mechanical integrity and operating
procedures have limited likelihood of affecting water
quality in the freshwater aquifers. Possibly these wells
may affect the aquifers only near the oil well borehole. Qil
wells with poor mechanical integrity or poor operating

procedures are more likely to affect water quality and may
have a large area of influence some distance from the
borehole.

Wells were located through a compilation of historical
records, local drillers’ records, and door-to-door contacts.
Owners were contacted in person or by phone to obtain
well information and permission to sample. Well depths
and depths to water were determined where possible, and
well construction was documented, where available. The
well locations sampled are shown in figure 5 and the
location and data analyzed for each well is listed in
Appendices 1-4.

Sampling biases No known method of site selection can
remove all biases from a water-quality data set and ensure
that sampling is representative of the ground-water
quality in an aquifer. Some biases that may have occurred
with this well network include:

(1) Existing water-supply wells commonly are located
in areas that produce usable volumes of potable water.
Thus, the use of water-supply wells introduces a bias that
tends to minimize water-quality problems (Scott, 1990).
All water-quality samples collected for this study were
from existing domestic wells. Most sampled wells were
used as a drinking-water source. Some wells were used
for nondrinking water and livestock purposes. Some
sampled wells were not being used. ‘

(2) Existing wells may not be equally distributed
throughout the study area (Scott, 1990). Many wells were
no longer functioning or supplied with power in areas
where rural-water districts operate. The areas in the
Reservation that are supplied by rural-water districts are

shown in figure 6 (Oklahoma Water Resources Board,
1998).

(3) The owner of a selected well may not want their
well inventoried or sampled, which affects the areal

distribution and random selection of sampled wells.

(4) Well design and completion methods can bias the
data. Domestic-supply wells are designed for maximum
available water collection and receive the combined input
of all the strata contributing to the well.

Sampling Procedure and Constituent Selection

Water-quality samples were obtained from existing
pumps in the wells or by bailing. Four wells in the
Quaternary alluvium were sampled with bailers
constructed of polyvinyl chloride plastic. Samples were
collected from the remaining wells at outside faucets near
the wells, to avoid any in-line-water softeners, which
change the ionic concentrations in the samples.

Sampling from pumping wells consisted of a
three-step process: (1) purging the well, (2) sampling and
sample treatment, and (3) field analysis. Silicon tubing
was attached to the faucet with a brass connection

10 Water quality of the Quaternary and Ada-Vamoosa aquifers on the Osage Reservation, Oklahoma
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containing a rubber gasket, and Teflon coupling. Water
was pumped into a five-gallon plastic bucket that
contained pH and temperature probes. Water samples
were collected once consistent pH and temperature
measurements were obtained. Where sustained flow could
not be obtained or where a limited amount of water could
be obtained from a well, samples were collected after the
well had been purged of the initial water in the system.

Specific conductance was measured using a portable
conductivity meter with automatic temperature
compensation. The conductivity meter calibration was
checked daily using standard conductivity solutions that
bracketed the expected field values. Water temperature
was measured to the nearest 0.1 degree Celsius using an
electronic thermistor. pH values were measured using a
portable pH meter, with automatic temperature
compensation. The pH meters were calibrated daily
before starting measurements using standard buffer
solutions that bracketed the expected field pH values. The
calibration was subsequently corroborated, using a third
buffer solution. Samples collected for the analysis of
dissolved-inorganic constituents were filtered through a
0.45-micron pore size disposable-cartridge filter and
preserved with acid. Alkalinity was measured by an
incremental titration (Wells and others, 1990) of a filtered
aliquot. Alkalinity was measured at the sample site or
from a chilled sample at the end of each day. .

Water-quality constituents selected for analysis were
those associated with 0il brines (Collins, 1975), nutrients
associated with agriculture and domestic processes, and
trace elements associated with staining. Constituents
associated with brines include sodium, potassium,
calcium, magnesium, strontium, carbonate, sulfate,
chloride, bromide, iodide, arsenic, boron, lithium and
dissoived-organic carbon. Nutrient constituents are
nitrogen and phosphorus. The trace elements associated
with red and brown staining, iron and manganese, were
expected in the water-quality samples because of reports
from local residents. Standard methods described in
Fishman and Friedman (1989) and by U.S. Environmental
Protection Agency protocols were used in the analyses
(table 1).

WATER QUALITY

Quality-Assurance Sampling

Five duplicate and two blank samples were collected
with the water-quality samples at seven (6 percent) sites.
The quality-assurance samples collected during the study
are listed in Appendix 1.

Duplicate samples consist of two sets of samples
collected from the same source during the same sampling
event and analyzed in exactly the same manner. The

purpose of duplicate samples is to determine the precision
and reproducibility of the sampling procedures and
laboratory analytical methods. Relative percent difference
between a water-quality sample and duplicate sample is
calculated, as follows:

|€1-C

RPD = x 100 (1)

where RPD is the relative percent difference, C, is the
concentration of the water-quality sample, and C, is the
concentration of the duplicate sample. The results of the
calculations of relative percent difference are shown in
Appendix 2. The relative percent difference between
water-quality and duplicate samples is less than 5 percent
for specific conductance, alkalinity, dissolved solids, cal-
cium, magnesium, sodium, potassium, sulfate, silicate,
and strontium. A small RPD, generally 10 percent, indi-
cate the sampling and analytical procedures produce con-
sistent data. The RPD is less than 20 percent for pH,
chloride, boron, lithium, and manganese. The remaining
RPD values range from 22.2 to 120 percent. These larger
values are associated with samples having low concentra-
tions, many of which are near the minimum reporting
level. RPD could not be calculated for samples where val-
ues were less than the laboratory minimum reporting level
for the water-quality or quality-assurance sample.

Equipment blanks were prepared at two sites, at the
time of sampling, by processing blank water in exactly the
same manner as the environmental water-quality samples.
Blank water is inorganic-free water with low
concentrations, less than the minimum reporting level, of
the constituents analyzed. Equipment blanks identify
contamination during the sampling or analysis
procedures. Filtered equipment-blank samples were
prepared by pumping inorganic blank water directly from
the inorganic blank water bottle through a short length of
silicon tubing and a cartridge filter into a sample bottle.
Unfiltered equipment-blank samples were prepared in a
similar manner; through silicon tubing without a cartridge
filer. The silicon tubing was cleaned in a laboratory and
sealed in a plastic bag prior to field work. The equipment
blanks contained concentrations greater than the
minimum reporting level (table 1) for calcium,
magnesium, nitrogen as ammonia, total phosphorus,
phosphorus as orthophosphate, boron, iron, and organic
carbon (Appendix 1). Water-quality sample values for
magnesium and boron are considered to be valid because
the minimum value for the environmental samples is
greater than the detected values in the equipment blanks.
Very low concentrations of some chemical constituents
can occur in blank samples exposed to field conditions,
derived from the sampling equipment or from
wind-blown particles.

14 Water quality of the Quaternary and Ada-Vamoosa aquifers on the Osage Reservation, Oklahoma



Table 1. Listing of analytical methods used at the U.S. Geological Survey, Quality of Water Service Unit laboratory in Ocala, Florida

[mg/L, milligrams per liter; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter; °C, degrees Celsius; AE, atomic emission spectropliotometry; ICP,
inductively coupled plasma spectrophotometry; AA, atomic absorption spectrophotometry; /T, trace; I- followed by numbers, a method code used by U.S. Geolog-
ical Survey, Quality of Water Service Unit laboratory in Ocala, Florida; EPA- followed by numbers, a protocol described by the U.S. Environmental Protection

Agency]
Constituents and reporting units Method rephgjriirzligel
‘ WATER PROPERTIES
Specific conductance, field (LS/cm at 25°C) 1
PH, field, standard units 0.1
Water temperature (°C) 0.1
Dissolved solids, calculated sum (mg/L) 1
MATOR CATIONS ,

Calctum, dissolved (mg/L as Calcium) EPA-200.7, ICP/T 4 0.02
Magnesium, dissolved (mg/L as Magnesium) EPA-200.7, ICP/T 0.001
Sodium, dissolved (mg/L as Sodium) 1-1735-85, AA, direct 0.1

k Potassium, dissolved (mg/L as Potassium) 1-1630-85, AA, direct 0.1

MAJOR ANIONS
Alkalinity, total, field, (mg/L as Calcium Carbonate) whole water; incremental titration : 1
Sulfate, diséolved (mg/L as Sulfate) SM 426-C, Turbidimetry, auto, background cor- 0.2
. . rected :

Chloride, dissolved (mg/L as Chloride) 1-2057-85, Colorimetry, thiocyanate, auto 0.1
Fluoride, dissolved (mg/L as Fluoride) 1-2327-85, Ion selective electrode, auto 0.1
Silica, dissolved (mg/L as Silica) EPA-200.7, ICP/T - 0.01
Bromide, dissolved (mg/L as Bromide) EPA-300.0, Colorimetry, fluorescein, auto 0.05
Nutrients : ; ) ;

Nitrogen, nitrite plus nitrate, dissolved (mg/L as Nitrogen) k EPA-353.2 0.002
Nitrogen, ammonia, dissolved (mg/L as Nitrogen) , 1-2522-85 0.002
Nitrogen, ammonia plus organic, dissolved (mg/L as Nitrogen) EPA-351.2° 02
.Phosphorus, total dissolved (mg/L as Phosphorus) 1-4600-85 0.002
Phosphorus, orthophosphate dissolved (mg/L as Phosphorus) 1-4601-85 : 0.001
Carbon organic, total dissolved (mg/L as Carboﬁ) EPA-415.1 , 0.1

TRACE ELEMENTS ; ‘

Arsenic, dissolved (ug/L as Arsenic) EPA-206.2,AA, hydride, auto 1
Boron, dissolved (ug/L as Boron) EPA-200.7, ICP/T 3
Iron, dissolved (ug/L as Iron) EPA-200.7, ICP/T 1
Lithium, dissolved (pg/L as Lithium) 1-1472-87,ICP 4
Manganese, dissolved (ug/L as Manganese) 1-3456-85, AE, ICP 0.2
Strontium, dissolved (1g/L as Strontium) 1-1472.87 AE, ICP 05
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All analyses were performed by the U.S. Geological
Survey, Quality of Water Service Unit laboratory in
Ocala, Florida. The analytical methods used by the
laboratory for the analyses of the water-quality samples
are listed in table 1. The laboratory maintains a blind
sample program to test the bias and variability of
laboratory analytical procedures. Blind samples of known
composition are analyzed as routine environmental
samples and are subjected to identical laboratory
handling, processing, and analytical procedures. Blind
samples are submitted at a rate of 3-5 percent of the
annual environmental sample load for each analytical
procedure. Standard reference sample water (Farrar and
Long, 1997) is used to make the blind samples. These
have an expected most-probable concentration. The
laboratory sets control limits at +2 standard deviation of
the most-probable concentration. Precision and control
charts are prepared to monitor the data quality and -
analytical results. Well information is summarized in
Appendix 3 and analytical results are reported in
Appendix 4.

Hypothesis Testing and Descriptive Statistics

Hypothesis testing was used to determine if the

- water-quality samples from the Quaternary and
Ada-Vamoosa aquifers and the subgroups within each
aquifer, either near or not near an oil well, were
statistically different and which constituents were
diagnostic of the difference. The Mann-Whitney test
(Mann, 1945) (also called the Wilcoxon rank sum test
(Wilcoxon, 1945, P-STAT, Inc., 1990) was used because it
is a nonparametric test that requires no assumptions about
the population distributions and is resistant to data
outliers. The Mann-Whitmey tests the median of the ranks
of data, instead of the actual constituent concentrations, to
determine if the data sets are different. The
Mann-Whitney test is appropriate for small and large data
sets. The null hypothesis for the Mann-Whitney test is
that the two data sets have the same median and
distribution. 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.

Censored data, concentrations reported as less than a
largest-minimum-reporting level for a constituent, were
assigned a value of half the minimum reporting level and
given the same rank. The Mann-Whitney test utilized the
data less than the largest-minimum-reporting level, and
the p-value for censored data is essentially the same
because of ranking the data (Helsel and Hirsch, 1992).
The Mann-Whitney test cannot detect differences in the
median for severely censored data (50 percent or greater)
and conclusions should not be drawn (Helsel and Hirsch,

1992). Arsenic and nitrogen as ammonia plus organic
nitrogen are not included in the results of the
Mann-Whitney test (table 2) for this reason.

The comparison populations were the constituent
concentrations in the water-quality samples from the:

* Quatemnary aquifer and Ada-Vamoosa aquifer,

» Quaternary aquifer not near an oil well and Qua-
temary aquifer near an oil well,

+ Ada-Vamoosa aquifer not near an oil well and
Ada-Vamoosa aquifer near an oil well.

The results of the Mann-Whitney tests are discussed in
comparison of water quality of the Quatemary and
Ada-Vamoosa aquifers and comparison of water quality
not near oil wells and near oil wells.

Summary statistics for the aquifers and subgroups, in
the form of sample size, calculated percentiles, maximum
and minimum concentrations, and
largest-minimum-reporting level for the water-quality
samples are presented in tables 3-8. Box plots of summary
statistics for selected constituents are presented in figures
7-18. Box plots summarize the distribution, range,
skewness, and median or center line data and are useful to

“visually compare several data sets (Helsel and Hirsch,

1992).

The chemical analyses for most constituents listed in
Appendix 4 include censored data less than the
largest-minimum-reporting levels, which are listed in
tables 1 and 3-8. If no censored data were present for a
constituent, percentiles were calculated by standard
methods (tables 3-8). A procedure developed by Helsel
and Cohn (1988) was used to calculate percentiles for the
constituents with censored data. Percentiles less than the
largest-minimum-reporting levels from censored data are
noted in tables 3-8 with an asterisk. No percentiles were
calculated for arsenic or nitrogen as ammonia plus
organic nitrogen because values for each were greater
than 50 percent censored data. No percentile values are
reported less than detected equipment-blank values for
nitrogen as ammonia, total phosphorus, phosphorus as
orthophosphate, iron, and organic carbon.

Comparison of Ground-Water Quality From Quaternary and
Ada-Vamoosa Aquifers

The quality of water from the unconfined Quaternary
aquifer is significantly different from the quality of water
from the confined Ada-Vamoosa aquifer for many
constituents at the 95-percent confidence level (table 2).
The p-values calculated by the Mann-Whitney test for the
physical properties and constituents that rejected the null-
hypothesis are indicated by values less than 0.05 and are
shown in bold print and underlined. Constituents with
p-values of 0.05 or less were pH, calcium, sodium,

16  Water quality of the Quaternary and Ada-Vamoosa aquifers on the Osage Reservation, Oklahoma .



Table 2. Results of the Mann-Whitney tests, p-values, comparing the concentrations of constituents from water-quality samples collected in the Osage

Reservation, Oklahoma

[p-values are decimal percentages; numbers in bold type and underlined indicate constituent concentrations are significantly different between the éomparison

groups at the 95 percent confidence level]

Constuent Serplesttom Marecss o lE UL eleand it vt s wels o
near oil wells near oil wells
Specific conductance, field 0.15 0.00 0.99
PH, field 0.03 0.51 0.28
Alkalinity, total, field 0.58 0.13 0.57
Dissolved solids, sum 0.38 0.01 0.96
Calcium 0.00 093 0.72
Magnesium : ‘ 0.86 047 0.72
Sodium 0.00 0.01 0.64
Potassinm 0.01 0.08 0.61
Sulfate ‘ 0. 0.02 0.50
Chloride 0.04 0.00 0.77
Fluoride 034 0.16 0.70
Bromide 0.49 0.00 0.06
Silica 0.00 0.05 0.66
Nitrogen, nitrite plus nitrate 0.05 0.78 0.99
Nitrogen, ammonia 0.03 0.56 - 0.06
‘Phosphorus; total . 0.00 0.87 0.60
Phosphorus, orthophosphate 0.00 0.31 040 .
Boron 0.01 0.11 0.58
Iron 0.15 042 0.16
Lithium 0.01 022 0.60
Manganese 047 0.55 0.38
Strontium 0.48 0.80 0.59
Carbon organic, total 045 022 0.80

potassium, sulfate, chloride, silica, nitrogen as nitrite plus
nitrate, nitrogen as ammonia, total phosphorus, phosphorus
as orthophosphate, boron, and lithium. No significant dif-
ference was determined for dissolved-solids concentration
of the two aquifers at the 95 percent confidence level.

Summary statistics of the water-quality data collected
from the Quaternary aquifer is presented in table 3 and
from the Ada-Vamoosa aquifer in table 4, Water in the
Quaternary aquifer is predominately a
calcium-bicarbonate-type water with median
dissolved-solids concentration (fig. 7) of 439 milligrams
per liter. Water in the Ada-Vamoosa aquifer is :
predominately a sodium-bicarbonate-type water with
median dissolved solids concentration of 490 milligrams
per liter. The National Primary Drinking Water Regulations
and National Secondary Drinking Water Regulations are
guidelines to evaluate health risks and drinking water

quality (U.S. Environmental Protection Agency [USEPA],
1998). The primary regulations are enforceable for public
water systems based on health risks; while the secondary
regulations are guidelines for the aesthetic quality of
drinking water. The standards recommend that the
dissolved solids should not exceed a secondary regulation
of 500 milligrams per liter. Over half of the water samples
from the Quaternary and Ada-Vamoosa aquifers are better
than the secondary regulations for dissolved-solids
concentration without processing or purifying the water.

A pH of 7.0 indicates a neutral solution. Values greater
than 7.0 indicate increasing alkalinity; values less than 7.0
indicate increasing acidity (Hem, 1992). Corrosiveness of
water generally increases with decreasing pH, however,
excessively alkaline water also may attack metals. The
median pH in the Quaternary and Ada-Vamoosa aquifer

17
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EXPLANATION

Dissolved solids, total, milligrams per liter
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i p = 0.38, Mann-Whitney statistical test, p-value, 2-sided test
Difference is not significant at the 95-percent confidence leve!

Figure 7. Comparison of ground-water quality from Quaternary and Ada-Vamoosa aquifers, for dissolved solids, fotal.

samples (tables 3 and 4, fig. 8) is neutral. The median val-
ues for some acid soluble constituents such as alkalinity
(fig. 9), calcium (fig. 10), and strontium are slightly greater
in the Quaternary aquifer than the concentrations of those
constituents in the Ada-Vamoosa aquifer samples. Calcium
is the only acid soluble constituent that is significantly dif-
ferent between the two aquifers at the 95 percent confi-
dence level. Other acid-soluble constituents such as iron
and manganese are slightly less in the Quaternary aquifer
than in the Ada-Vamoosa aquifer but are not significantly
different.

Alkalinity is a measure of the capacity of a water to
neutralize a strong acid, and is expressed in terms of an
equivalent concentration of calcium carbonate. Alkalinity
in natural water usually is caused by the presence of
bicarbonate and carbonate ions. Bicarbonate and carbonate
ions are common to most natural water because of the
abundance of carbon dioxide and carbonate minerals in
nature. Alkaline water may have a distinctively bitter taste.
High alkalinity in irrigation water may increase the pH of
the soil, leach organic material, decrease permeability of
the soil, and impair plant growth. The alkalinity of natural
water varies widely but rarely exceeds 400 to 500
milligrams per liter. Calcium and magnesium cause most of
the hardness and scale-forming properties of water and
reduce the effectiveness of soap.

Nitrogen (fig. 11) and phosphorus (tables 3 and 4), often
associated with domestic sewage and animal waste
contamination, have significantly greater median percentile
values for samples from the unconfined, more vulnerable,
Quaternary aquifer. The maximum contaminant level for
nitrate is 10 milligrams per liter. High nitrate content has
been reported to cause methemoglobinemia, blue-baby
syndrome, (an often fatal disease in infants) and should not
be used in infant feeding, pregnant women, or nursing .
mothers. About 14 percent of the water-quality samples
from the Quaternary aquifer and 6 percent of the
water-quality samples from the Ada-Vamoosa aquifer
exceed 10 milligrams per liter. Nitrogen and phosphorus
encourage the growth of algae and other organisms, which
may cause odor problems in water supplies.

Water samples from the Ada-Vamoosa aquifer have
greater median percentile values for specific conductance,
dissolved solids (fig. 7), sodium (fig. 12), sulfate (fig. 13),
chloride (fig. 14), and boron (tables 3 and 4) than samples
from the Quatemary aquifer. These ions could be derived
from either salt deposits or brine water from greater depths
(Collins, 1975, Richter and Kreitler, 1991). Since there are
no known salt deposits in the stratigraphic section in the
Osage Reservation, deep-connate-brine water is probably
the source of the ions. Sodium, potassium, sulfate, and
chloride are significantly different at the 95-percent
confidence level (table 2). Sulfate in water containing

20  Water quality of the Quatemnary and Ada-Vamoosa aquifers on the Osage Reservation, Okiahoma
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Figure 8. Comparison of ground-water quality from Quaternary and Ada-Vamoosa aquifers, for pH.
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Figure 8. Comparison of ground-water quality from Quaternary and Ada-Vamoosa aquifers, alkalinity, total field.
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Figure 10. Comparison of ground-water quality from Quaternary and Ada-Vamoosa aquifers, for calcium, dissclved.
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Figure 11. Comparison of ground-water quality from Quaternary and Ada-Vamoosa aquifers, for nitrogen, nitrite plus nitrate, dissolved.
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Figure 12. Comparison of ground-water quality from Quaternary and Ada-Vamoosa aquifers, for sodium, dissolved.
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Figure 13. Comparison of ground-water quality from Quaternary and Ada-Vamoosa aquifers, for sulfate, dissolved.
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Figure 14. Comparison of ground-water quality from Quaternary and Ada-Vamoosa aquifers, for chloride, dissolved.

calcium forms hard scale, particularly gypsum (CaSO,)
and barite (BaSQ,), in pipes and steam boilers. Large con-
centrations of sulfate in combination with other ions gives
water a bitter taste and have a laxative effect on those unac-
customed to the water. Drinking water standards recom-
mend that sulfate concentrations should not exceed a
secondary regulation of 250 milligrams per liter (USEPA,
1998). Chloride in large amounts in combination with
sodinm and potassium gives a salty taste to water and in
large quantities increases the corrosiveness of water. Drink-
ing water standards recommend that chloride concentra-
tions not exceed a secondary regulation of 250 milligrams -
per liter (USEPA, 1998).

Comparison of Ground-Water Quality From Freshwater
Aquifer Wells Near Oil Wells to Freshwater Aquifer Wells Not
Near Oil Wells

Summary statistics of the water-quality data for the
subgroups of the Quaternary and Ada-Vamoosa aquifers
are presented in tables 5-8. Water from the Quatemnary
aquifer wells within a quarter mile of an oil well were not
significantly different from Quaternary aquifer wells not
near an oil well. No p-values calculated by the
Mann-Whitney test rejected the null hypothesis when
comparing the subgroups of the Quaternary aquifer (table

2). This may be explained by the faster movement of water
in the unconsolidated aquifer; thus the quarter-mile buffer
zone may be inadequate. Further analysis is needed to
determine factors controlling water quality in this aquifer.

Several constituents in samples from the Ada-Vamoosa-
aquifer wells within a quarter mile of an 0il well (Appendix
3) were significantly greater than from Ada-Vamoosa-
aquifer wells not near oil wells. The p-values calculated by
the Mann-Whitney test for the physical properties and
constituents that rejected the null hypothesis (table 2)
include specific conductance, dissolved solids, sodium,
sulfate, chloride, bromide, and silica. These ions are
probably derived from brine water from greater depths
(Collins, 1975, Richter and Kreitler, 1991).

Three subgroups in figure 15 have median percentiles of
dissolved-solids concentrations less than 500 milligrams
per liter, the secondary regulation for dissolved solids. The
Ada-Vamoosa aquifer near oil wells has greater median
dissolved solids (fig. 15 and tables 7 and 8) than not near
oil wells. The Mann-Whitney test (table 2) confirmed the
apparent difference in water quality from the Ada-Vamoosa
aquifer subgroups (fig. 15) is statistically different.
Thirty-three of 58 samples from the Ada-Vamoosa near oil
wells, 57 percent, of the subgroup near oil wells are of

24  Water quality of the Quatemary and Ada-Vamoosa aquifers on the Osage Reservation, Oklahoma
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EXPLANATION
Dissolved solids, total, milligrams per liter

(22) Number of observations
* Data values outside the
10th and 90th percentiles
80th percentile
75th percentile
Median
25th percentile

10th percentile

—-—NSDWR LIMIT (Naticnal
Secondary Drinking Water
Regulations, maximum
concentration, USEPA, 1998)

Q.not.near, Quaternary aquifer not within a quarter mile of an oil well
Q.near, Quaternary aquifer within a quarter mile of an oil well
A-V.not.near, Ada-Vamoosa aquifer not within a quarter mile of an oil well
A-V.near, Ada-Vamoosa aquifer within a quarter mite of an oil well

p =0.96, Mann-Whitney statistical test, p-value, 2-sided test

Difference is not significant at the 95-percent confidence level
for samples from the Quaternary aquifer.

Difference is significant at the 85-percent confidence level
for samples from the Ada-Vamoosa aquifer.

Figure 15. Comparison of ground-water quality from aquifers near oil wells and not near oil wells in the Osage Reservation, Oklahoma, for dissolved

solids, total. -

poorer quality than the secondary standards (USEPA,
1998) (Appendix 4) and 13 of 17 samples, 76 percent, of
the subgroup not near an oil well are of better quality water
than the secondary standards. The Quaternary aquifer sub-
groups near and not near oil wells have similar interquartile
values for dissolved solids (tables 5 and 6) and similar box
plots in figure 15. Seventy percent of the Quaternary sam-
ples near oil wells and 59 percent of the subgroup samples
not near oil wells have dissolved solids less than the sec-
ondary regulation of 500 milligrams per liter (USEPA,
1998).

Sodium concentrations (fig. 16) are similar to
dissolved-solids concentrations. The Ada-Vamoosa aquifer
samples, near oil wells, are statistically different from
samples not near oil wells. Median concentrations of
sodium in samples from the Quaternary aquifer are similar
to those from the Ada-Vamoosa aquifer not near oil wells.

Sulfate concentrations (fig. 17) are similar to
dissolved-solids and sodium concentrations. The
Ada-Vamoosa aquifer near oil wells has greater median
concentration than for wells not near oil wells (tables 7 and
8). Median sulfate concentrations from the Quaternary
aquifer are (tables 5 and 6) similar to the Ada-Vamoosa
aquifer not near oil wells. Ninety-three percent of the
Quaternary water-quality samples and 89 percent of the
Ada-Vamoosa aquifer samples have sulfate concentrations

less than the secondary regulation (USEPA, 1998) of 250
milligrams per liter (Appendix 4). Three water samples
from the Quaternary aquifer not near oil wells and eight
from the Ada-Vamoosa aquifer near oil wells exceeded the
secondary regulations. No water samples from the alternate
subgroups exceeded the secondary regulations.

Chloride concentrations (fig. 18) are similar to sodium
and sulfate concentrations. The Ada-Vamoosa aquifer
samples near oil wells have greater median chloride
concentrations (table 8) than the subgroup not near oil
wells (table 7). Median concentrations for chloride from
the Quaternary aquifer subgroups are (tables 5 and 6)
greater than from the Ada-Vamoosa aquifer not near oil
wells. Ninety-three percent of the Quaternary water-quality
samples and 87 percent of the Ada-Vamoosa aquifer
samples (Appendix 4) have chloride concentrations less
than the secondary regulation (USEPA, 1998) of 250

- milligrams per liter (fig. 18).

“Where no oil wells have been drilled through freshwater
aquifers, the water quality of the Ada-Vamoosa aquifer is
similar to the water quality of the Quaternary aquifer (figs.
15-18). The median concentrations of the major

_constituents (table 1) for water samples from wells
completed in the Ada-Vamoosa aquifer not near oil wells
(table 7) were less than or equal to median concentrations
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EXPLANATION

10,000 £ T T T T 3 ! - .
E (22 (23) 17 (58) 7 Sodium, dissolved, milligrams per liter
5,000 .
™ . 1 (22) Number of observations
p=0.64 p=0.01 1 * Data values outside the
2,000 10th and 80th percentiles
1,000 % 90th percentile

T

75th percentile

Median

500

25th percentile

200

L * J 10th percentile
100 & - - :
50 E ] 3 Q.not.near, Quaternary aquifer not within a quarter mile of an oil well
¥

R Q.near, Quaternary aquifer within a quarter mile of an oil well
i A-V.not.near, Ada-Vamoosa aquifer not within a quarter mile of an oil well
20 A-V.near, Ada-Vamoosa aquifer within a quarter mile of an oil well
| 4 p = 0.64, Mann-Whitney statistical test, p-value, 2-sided test
10 - I Difference is not significant at the 95-percent confidence level
E for samples from the Quaternary aquifer.
5 : Difference is significant at the 85-percent confidence level
N ] for samples from the Ada-Vamoosa aquifer.

SODIUM, DISSOLVED, MILLIGRAMS PER LITER

] | i ]
Q.not.near Q.near A-V.notnear - A-V.near

SAMPLING GROUP

Figure 16. Comparison of ground-water quality from aquifers near oil wells and not near oil wells in the Osage Reservation, Oklahoma, for sodium, dissolved

EXPLANATION
10,000

E T T 1 ]
o (22) (23) (17) (s8) 7 Sulfate, dissolved milligrams per fiter
5,000 |- . :
p=0.50 p=0.02 ] (22) Number of obseryatlons
¥ Data values outside the
2,000 -=------

10th and 90th percentiles

1,000 * 90th percentile
: # . 75th percentile
500 ‘
b Median
C * NSDWR LIMIT % J
200 P2 - 25th percentile
[ * b 10th percentile

L R
]

10

* I — —eed
50 Fooee e ] —— NSDWR LIMIT (National
4 Secondary Drinking Water
g Regulations, maximum
20 f--- % _r‘ * concentration, USEPA, 1998)
*

SULFATE, DISSOLVED, MILLIGRAMS PER LITER
g

3 ¥ E Q.not.near, Quaternary aquifer not within a quarter mile of an oil well
F . 3 Q.near, Quaternary aquifer within a quarter mile of an oil well

Sr ] A-V.not.near, Ada-Vamoosa aquifer not within a quarter mile of an oil well
+ * 4 A-V.near, Ada-Vamoosa aquifer within a quarter mile of an oil well

2 p = 0.50, Mann-Whitney statistical test, p-value, 2-sided test

Difference is not significant at the 95-percent confidence level
for samples from the Quaternary aquifer.

Difference is significant at the 95-percent confidence level
SAMPLING GROUP for samples from the Ada-Vamoosa aquifer.

i ! ] ]
Q.not.near Q.near A-V.nolnear - A-V.near

Figure 17. Comparison of ground-water quality from aquifers near oil wells and not near il wells in the Osage Reservation, Oklahoma, for sulfate, dissolved.
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EXPLANATION

Chiloride, dissolved milligrams per liter

(22) Number of observations
* Data values outside the
10th and S0th percentiles
90th percentile
75th percentile
Median
25th percentile

10th percentile

——NSDWR LIMIT (National
Secondary Drinking Water
Regulations, maximum
concentration, USEPA, 1898)

Q.not.near, Quaternary aquifer not within a quarter mile of an oil well
Q.near, Quatemary aquifer within a quarter mile of an oil well
A-V.not.near, Ada-Vamoosa aquifer not within a quarter mile of an oil well
A-V.near, Ada-Vamoosa aquifer within a quarter mile of an oil well
p=0.77, Mann-Whitney statistical test, p-value, 2-sided test

Difference is not significant at the 95-percent confidence level

for samples from the Quatemary aquifer.

Difference is significant at the 95-percent confidence level

for samples from the Ada-Vamoosa aquifer.

Figure 18. Comparison of ground-water quality from aquifers near oil wells and not near oil wells in the Osage Reservation, Oklahoma, for chloride, dissolved.

in water samples from the Quaternary aquifer not near oil
wells (table 5) except for sulfate, which is slightly greater.

Major lon Chemistry Distribution

Water-quality diagrams (Stiff, 1951) are a means of
showing water-composition similarities and differences. A
polygonal shape is created from three horizontal axes
extending on either side of a vertical zero axis (Hem,
1989). The resulting points are connected to form an
irregular polygonal shape. Cations are plotted on the left of
the zero axis and anions are plotted on the right, both in
milliequivalents per liter. The horizontal axis units are
constant on the water-quality diagrams in figures 19 and
20. The diagram size is an indication of the
dissolved-solids concentration, with greater horizontal
distance from the zero axis representing greater constituent
concentration. The number above the vertical axis is
dissolved-solids concentrations in milligrams per liter (figs.
19 and 20). Diagrams represented in green indicate
dissolved-solids concentrations greater than 500
milligrams per liter and diagrams represented in blue
indicate less than 500 milligrams per liter.

Sixty-four percent of the Quaternary aquifer
water-quality samples have dissolved-solids concentrations
less than the secondary regulation (USEPA, 1998) of 500
milligrams per liter (fig. 19). Fifty-nine percent of the

aquifer samples in the Quaternary aquifer subgroups not
near oil wells and 70 percent of the samples near oil wells
had dissolved solids less than 500 milligrams per liter. The
water-quality diagrams indicate most of the water in the
Quaternary aquifer with dissolved solids less than 500
milligrams per liter is calcium-bicarbonate-type,
sodium+potassium-bicarbonate-type, or
sodium-+potassium+calcium-bicarbonate-type water.

Fifty-one percent of the water-quality samples from the
Ada-Vamoosa aquifer have dissolved-solids concentrations
less than the secondary regulation (USEPA, 1998) of 500
milligrams per liter (fig. 20). In the Ada-Vamoosa aquifer
subgroups, 76 percent of the aquifer samples not near oil
wells and 43 percent of the aquifer samples near oil welis
had dissolved solids less than 500 milligrams per liter. The
water-quality diagrams indicate much of the water'in the
Ada-Vamoosa aquifer with dissolved solids less than 500
milligrams per liter is calcium-bicarbonate-type or
sodium-bicarbonate-type water. Water-quality samples
from the Ada-Vamoosa aquifer with dissolved solids
greater than 500 milligrams per liter are
sodium+potassium-chloride-type, sodium+
potassium+calcium-chloride-type, sodium-+potassium-
sulfate-type, or calcium-chloride+sulfate-type water.

Areas in the Ada-Vamoosa aquifer (fig. 20) near
Hominy (fig. 1), Pershing, and Hula Lake have dissolved-
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solids concentrations greater than the secondary regula-
tions. Many water-quality samples from the Quaternary
aquifer with dissolved solids greater than 500 milligrams
per liter are in these areas (fig. 19).

SUMMARY AND CONCLUSIONS

The project included documenting information for
rural-domestic-water wells, collecting 120 water-quality
samples from those wells, and comparing the water-quality
to proximity to oil wells. Locating and sampling the wells
was conducted from September to December 1997. The
Osage Reservation, otherwise known as Osage County,
consists of about 2,260 square miles. The Reservation is
characterized by gently-rolling uplands with locally sharp
cuestas formed by resistant sandstone and limestone
ledges.

About 38,500 oil wells have been drilled in the
Reservation since drilling began in 1896. About 17,600 oil
wells were drilled before 1940 and 3,200 of these were dry
and abandoned. In 1988 only about 12,680 oil wells were
actively operated and 4,200 of these were classified as
pressure maintenance, salt-water disposal, or water-flood
injection wells. The remaining oil wells (about 26,000) are
temporarily or permanently plugged and abandoned. About
1,480 square miles or 64 percent of the Reservation is
within a quarter mile of an oil well. The term “oil well” is
an industry well drilled through the freshwater aquifers to
oil and gas production depths; including oil and gas
producers, nonproducing wells, injection wells, salt-water
disposal wells, plugged wells, and abandoned wells.

Fresh ground-water aquifers on the Reservation consist
of alluvial and terrace deposits of Quaternary age and
sandstones of Pennsylvanian age. The Quatemnary aquifer
covers about 315 square miles or about 14 percent of the
Reservation and consists of alluvial and terrace deposits of
sand, silt, clay, and gravels. The Quatemnary is an
unconfined aquifer and is uncemented in most areas. The
outcrop for the Penmsylvanian age Ada-Vamoosa aquifer
system includes about 800 square miles or about 35
percent of the Reservation in a broad north-south band.
The Ada Formation in the Reservation is about 400 feet
thick and consists of interbedded limestone and shale units
near the Kansas border grading into fine-grained
sandstones interbedded with limestone and shale near the
southern border of the Reservation. The Vamoosa
Formation is about 630 feet thick and consists of
alternating layers of shale and fine to coarse-grained
sandstone with some limestone. The aquifer is mostly
semiconfined or confined by the alternating lithologic
units, except where the individual sandstones crop out. The
sandstones are well cemented to semicemented with clay
and calcite.

The Tallant, Barnsdall, Wann, and Chanute Formations
comprise the minor Pennsylvanian aquifer; crop outin a
north-south band along the eastern portion of the
Reservation, and underlie the Ada-Vamoosa aquifer. The
combined outcrop of these units covers about 480 square
miles or about 21 percent of the Reservation. The
formations consist of shale, fine to medium-grained
sandstone, and thin limestone layers. Combined thickness
of these units ranges from 127 to 600 feet. Fresh ground
water from the Tallant, Bamsdall, Wann, and Chanute
Formations also is reported but few ground-water wells are
completed in the minor Pennsylvanian aquifer, possibly
because of the limited amount of water available. The
water-quality samples from the minor Pennsylvanian
aquifer are included with the Ada-Vamoosa aquifer
samples for statistical and discussion purposes.

The ground-water-quality-sampling network was

.designed to randomly select sites to obtain a statistical

representation of the water quality from areal subsets
across the Reservation. No known method of site selection
can remove all biases from a water-quality data set and
ensure that sampling is representative of the ground-water
quality in an aquifer. Existing water-supply wells
commonly are located in areas that produce usable
volumes of potable water. Thus, the use of water-supply
wells introduces a bias that tends to minimize water-quality
problems. All water-quality samples collected for this
study were from existing domestic wells. Existing wells
may not be equally distributed throughout the study area.
Many wells were no longer functioning or supplied with
power in areas where rural-water districts operate. The
owner of a selected well may not want their well
inventoried or sampled, which affects the areal distribution
and random selection of sampled wells. Domestic-supply
wells are designed for maximum available water collection
and receive the combined input of all the strata
contributing to the well. ‘

The Mann-Whitney test was used because it is a
nonparametric test that requires no assumptions about the
population distributions and is resistant to data outliers.
The comparison populations were the constituent
concentrations in the water-quality samples from the:

» Quatemnary aquifer and Ada-Vamoosa aquifer,

« Quaternary aquifer not near an oil well and Quater-
nary aquifer near an oil well,

» Ada-Vamoosa aquifer not near an oil well and
Ada-Vamoosa aquifer near an oil well.

An arbitrary radial distance of a quarter mile was
selected to define the buffer zone in which an oil well
might affect the quality of water in the freshwater aquifers.
About 1,480 square miles or 64 percent of the Reservation

~is within the quarter-mile buffer zones of the oil wells.

Fifty-eight percent of the Quaternary aquifer, 69 percent of
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the outcrop area of the Ada-Vamoosa aquifer, and 78
percent of the outcrop area of the minor Pennsylvanian
aquifer are near oil wells.

The quality of water from the unconfined Quaternary
aquifer is significantly different from the quality of water
from the confined Ada-Vamoosa aquifer for pH, calcium,
sodium, potassium, sulfate, chloride, silica, nitrogen as
nitrite plus nitrate, nitrogen as ammonia, total
phosphorus, phosphorus as orthophosphate, boron, and
lithium. No significant difference was determined for
dissolved-solids concentration of the two aquifers at the
95 percent confidence level. '

Water from the Quaternary aquifer wells within a
quarter mile of an oil well were not significantly different
from Quaternary aquifer wells not near an oil well.
Several constituents in samples from the
Ada-Vamoosa-aquifer wells within a quarter mile of an oil
| well were significantly greater than from Ada-Vamoosa
aquifer wells not near oil wells. The constituents include
| specific conductance, dissolved solids, sodium, sulfate,
chloride, bromide, and silica. These ions are probably
derived from brine water from greater depths.
Thirty-three of 58 samples from the Ada-Vamoosa near
oil wells, 57 percent, of the subgroup near oil wells are of
poorer quality than the secondary standards and 13 of 17
samples, 76 percent, of the subgroup not near an oil well
are of better quality water than the secondary standards.

The water quality of the Ada-Vamoosa aquifer is
similar to the water quality of the Quaternary aquifer
where no oil wells have been drilled through freshwater
aquifers. The median concentrations of the major
constituents for water samples from wells completed in
the Ada-Vamoosa aquifer not near oil wells were less than
or equal to median concentrations in water samples from

the Quaternary aquifer not near oil wells except for
sulfate, which is slightly greater.

Sixty-four percent of the Quaternary aquifer
water-quality samples have dissolved-solids
concentrations less than the secondary regulation of 500
milligrams per liter. Fifty-nine percent of the aquifer
samples in the Quaternary aquifer subgroups not near oil
wells and 70 percent of the samples near oil wells had
dissolved solids less than 500 milligrams per liter. The
water-quality diagrams indicate most of the water in the
Quaternary aquifer with dissolved solids less than 500
milligrams per liter is calcium-bicarbonate-type,
sodium+potassium-bicarbonate-type, or
sodium+potassium+calcium-bicarbonate-type water.

Fifty-one percent of the water-quality samples from
the Ada-Vamoosa aquifer have dissolved-solids
concentrations less than the secondary regulation of 500
milligrams per liter. In the Ada-Vamoosa aquifer
subgroups, 76 percent of the aquifer samples not near oil
wells and 43 percent of the aquifer samples near oil wells

had dissolved solids less than 500 milligrams per liter.
The water-quality diagrams indicate much of the water in
the Ada-Vamoosa aquifer with dissolved solids less than
500 milligrams per liter is calcium-bicarbonate-type or
sodium-bicarbonate-type water. Water-quality samples
from the Ada-Vamoosa aquifer with dissolved solids
greater than 500 milligrams per liter are
sodium-+potassium-chloride-type,
sodium-+potassium-+calcium-chloride-type,

-sodium-+potassium-sulfate-type, or

calcium-chloride+sulfate-type water.

Areas in the Ada-Vamoosa aquifer near Hominy,
Pershing, and Hula L.ake have dissolved-solids
concentrations greater than the secondary regulations.
Many water-quality samples from the Quaternary aquifer
with dissolved solids greater than 500 milligrams per liter
are in these areas.

More detailed investigations of identified
contaminated areas is recommended. This will likely
require drilling of observation wells, surface geophysical
investigations, and collection of historical oil production
records. The Ada-Vamoosa aquifer should be the focus of
such investigations unless additional data suggests the
Quaternary aquifer should be included.
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Water quality of the Quaternary and Ada-Vamoosa aquifers on the Osage Reservation, Oklahoma
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