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CONVERSION FACTORS, ABBREVIATED WATER-QUALITY UNITS,
AND VERTICAL DATUM

Multiply By To obtain

foot (ft)

mile (mi)

square mile (mi2)

0.3048

1.609

2.590

meter

kilometer

square kilometer

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

°F=1.8(°C) + 32

The following terms and abbreviations are also used in this report: 
centimeters2(cm2) 
liter(L) 
micron (|i)
micrograms per liter (|ig/L) 
micrograms per kilogram per day [(M-g/kg)/day] 
microsiemens per centimeter (|j,S/cm) 
milligrams per liter (mg/L) 
milliliter (ml)
millirems per year (mrems/yr) 
picocuries per liter (pCi/L)

National Geodetic Vertical Datum of 1929 (NGVD of 1929: A geodetic datum derived from a 
general adjustment of the first-order level nets of both the United States and Canada, formerly 
called Sea Level Datum of 1929.



GROUND-WATER-QUALITY ASSESSMENT OF THE
CENTRAL OKLAHOMA AQUIFER, OKLAHOMA: 

HYDROLOGIC, WATER-QUALITY, AND QUALITY- 
ASSURANCE DATA 1987-90

By Dale M. Ferree, Scott Christenson, Alan H. Rea, 
and Benard A. Mesander

ABSTRACT

This report presents data collected from 202 wells between June 1987 and September 1990 
as part of the Central Oklahoma aquifer pilot study of the National Water-Quality Assessment 
Program. The report describes the sampling networks, the sampling procedures, and the results 
of the ground-water quality and quality-assurance sample analyses. The data tables consist of 
information about the wells sampled and the results of the chemical analyses of ground-water 
and quality-assurance sampling.

Chemical analyses of ground-water samples in four sampling networks are presented: A 
geochemical network, a low-density survey bedrock network, a low-density survey alluvium and 
terrace deposits network, and a targeted urban network. The analyses generally included 
physical properties, major ions, nutrients, trace substances, radionuclides, and organic 
constituents.

The chemical analyses of the ground-water samples are presented in five tables: (1) Physical 
properties and concentrations of major ions, nutrients, and trace substances; (2) concentrations 
of radionuclides and radioactivities; (3) carbon isotope ratios and delta values (8-values) of 
selected isotopes; (4) concentrations of organic constituents; and (5) organic constituents not 
reported in ground-water samples.

The quality of the ground water sampled varied substantially. The sum of constituents 
(dissolved solids) concentrations ranged from 71 to 5,610 milligrams per liter, with 38 percent 
of the wells sampled exceeding the Secondary Maximum Contaminant Level of 500 milligrams 
per liter established under the Safe Drinking Water Act. Values of pH ranged from 5.7 to 9.2 
units with 20 percent of the wells outside the Secondary Maximum Contaminant Level of 6.5 to 
8.5 units. Nitrite plus nitrate concentrations ranged from less than 0.1 to 85 milligrams per liter 
with 8 percent of the wells exceeding the proposed Maximum Contaminant Level of 10 
milligrams per liter. Concentrations of trace substances were highly variable, ranging from 
below the reporting level to concentrations over the Maximum Contaminant Levels for several 
constituents (arsenic, barium, cadmium, chromium, lead, and selenium). Radionuclide activities 
also were highly variable. Gross alpha radioactivity ranged from 0.1 to 210 picocuries per liter 
as 230thorium. Of the wells sampled, 20 percent exceeded the proposed Maximum Contaminant 
Level of 15 picocuries per liter for gross alpha radioactivity. Organic constituents were detected 
in 39 percent of the 170 wells sampled for organic constituents; in most cases concentrations 
were at or near the laboratory minimum reporting levels. Ten of the wells sampled for organic



constituents had one or more constituents (chlordane, dieldrin, heptachlor epoxide, 
trichloroethylene, 1,1-dichloroethylene, 1,1,1-trichloroethane) at concentrations equal to or 
greater than the Maximum Contaminant Level or acceptable concentrations as suggested in the 
Environmental Protection Agency's Health Advisory Summaries.

Quality-assurance sampling included duplicate samples, repeated samples, blanks, spikes, 
and blind samples. These samples proved to be essential in evaluating the accuracy of the data, 
particularly in the case of volatile organic constituents.



INTRODUCTION

Beginning in 1986, Congress has appropriated funds annually for the U.S. Geological 
Survey to test and refine concepts for the National Water-Quality Assessment (NAWQA) 
Program. The long-term goals of the NAWQA Program are to:

(1) Provide a nationally consistent description of current water-quality conditions for 
a large part of the Nation's surface- and ground-water resources;

(2) Define long-term trends (or lack of trends) in water quality; and

(3) Identify, describe, and explain, as possible, the major factors that affect the 
observed water-quality conditions and trends.

The results of the NAWQA Program will be made available to water managers, policy 
makers, and the public, and will provide an improved scientific basis for evaluating the 
effectiveness of water-quality management programs (Hirsch, Alley, and Wilber, 1988).

Before implementing a full-scale NAWQA Program, pilot projects were initiated to test and 
refine concepts for a full-scale program. Seven pilot project areas were selected throughout the 
country that represent diverse hydrologic environments and water-quality conditions. Although 
each pilot project studied either ground water or surface water, the full-scale NAWQA programs 
will study both ground and surface water. For ground-water projects, the pilot study units are 
large parts of aquifers or aquifer systems, and for surface water the study units are major river 
basins. The study units are large, involving areas of a few thousand to several tens of thousands 
of square miles. Pilot project areas focusing primarily on ground water include the Carson basin 
in Nevada and California, the Central Oklahoma aquifer in Oklahoma, and the Delmarva 
Peninsula in Delaware, Maryland, and Virginia. Pilot project areas focusing primarily on surface 
water include the Yakima River basin in Washington, the lower Kansas River basin in Kansas 
and Nebraska, the Kentucky River basin in Kentucky, and the upper Illinois River basin in 
Illinois, Indiana, and Wisconsin.

The Central Oklahoma aquifer (fig. 1) was selected for study in the pilot NAWQA Program 
because it is a major source of water in central Oklahoma and because it has several known or 
suspected water-quality problems. These problems include: Arsenic, chromium, and selenium 
concentrations, and gross alpha radioactivity in excess of public drinking-water standards; 
contamination by synthetic organic constituents; and contamination by oil-field brines and 
drilling fluids. The aquifer also was chosen because it underlies the Oklahoma City urban area, 
and the effects of an urban environment on regional ground-water quality have not been studied 
extensively.

The objectives of the Central Oklahoma aquifer NAWQA project are to: (1) Investigate 
regional ground-water quality throughout the aquifer, emphasizing the occurrence and 
distribution of potentially toxic substances in ground water, including trace substances, organic 
constituents, and radioactive constituents; (2) describe the relation of ground-water quality to 
hydrogeologic and other pertinent factors; and (3) provide a general description of the location, 
nature, and causes of selected water-quality problems within the study unit.
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Purpose and Scope

This report presents the data collected between 1987 and 1990 from 202 wells in four 
sampling networks. Maps are provided showing the locations of wells sampled in each sampling 
network. The report includes a discussion of the design of the sampling networks and sampling 
procedures and a description of the data tables. The data tables include well information, 
constituents analyzed, minimum reporting levels for each sampling network, and results of the 
analyses of the ground-water and the quality-assurance samples. Interpretation of the data is 
beyond the scope of this report, and will be included in subsequent reports.



SAMPLING NETWORK DESIGN

At the beginning of the Oklahoma NAWQA project, a decision was made to sample only 
existing water-supply and monitoring wells instead of drilling and completing monitoring wells. 
The decision was economic, based on the large cost associated with drilling wells in the 
consolidated geologic units of the Central Oklahoma aquifer. Ground-water sampling networks 
were designed at three different scales: (1) Geochemical sampling, designed to investigate the 
geochemistry of the Central Oklahoma aquifer, (2) low-density survey sampling, designed to 
provide a broad description of the water-quality of the Central Oklahoma aquifer, and (3) 
targeted sampling, designed to study specific water-quality problems. A single network was 
implemented to investigate geochemical processes. Two sampling networks were implemented 
for low-density survey sampling, a bedrock and an alluvium and terrace deposits network. The 
Permian bedrock geologic units of the Central Oklahoma Aquifer consist of the Garber 
Sandstone, the Wellington Formation, and the undivided Chase, Council Grove, and Admire 
Groups. The alluvium and terrace deposits are Quaternary alluvial deposits adjacent to streams 
(fig. 2). Two sampling networks were implemented for the targeted sampling, an urban 
sampling network in the Oklahoma City area and a network for investigating problems with 
naturally occurring trace substances.

Geochemical Network

A total of 37 wells were sampled for the geochemical network (fig. 3). Wells located along 
suspected flow paths were selected for the geochemical network sampling. Wells were located 
along flow paths to measure the changes in water chemistry as ground water moves through the 
Central Oklahoma aquifer. At some locations, one shallow and one deep well were selected.

Low-Density Survey Networks

Random-selection techniques were employed for both low-density survey sampling 
networks. These random-selection techniques were used to obtain water samples that were 
distributed throughout the study area, both areally and vertically, so that a representative sample 
of the water resource could be collected.

Wells sampled in the low-density networks were randomly selected using a computer 
program described by Scott (1990). The computer program was designed to select points such 
that all points in an area had an equal probability of being selected.

The well nearest the point was located by field personnel and sampled, if it met certain 
suitability requirements. A well was considered suitable for sampling if: (1) The well was 
completed in the appropriate geologic unit, (2) the well was of the appropriate depth for the 
network, (3)the well was equipped with a submersible pump, and (4) a water sample could be 
taken near the wellhead before the water passed through water-treatment systems or pressure 
tanks. If a suitable well could not be found near the computer-selected point, alternate points 
were used. The alternate points were selected by the program at the same time the primary point 
was selected.

The study area was subdivided into areas where either the Permian geologic units or the 
alluvium and terrace deposits are present at the land surface. The freshwater zone in the 
Permian geological units can be as much as 900 feet (ft) in thickness. To obtain water samples
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distributed vertically as well as areally, the low-density survey sampling of Permian 
geologic units was divided into three categories based on well depth: (1) Shallow wells, less 
than 100 ft in depth, (2) intermediate-depth wells, 100 ft to 300 ft in depth, and (3) deep wells, 
greater than 300 ft in depth.

Deep wells are not as abundant in the study area as shallow or intermediate-depth wells. 
Deep wells suitable for sampling could not be found close to points generated by the computer 
program. Instead, an effort was made to locate all the deep wells in the study area, a grid was 
overlaid on the study unit map, and deep wells were selected randomly from each grid cell.

A total of 25 shallow, 35 intermediate, 27 deep wells completed in Permian geologic units 
were sampled (fig. 4). A total of 42 wells completed in the alluvium and terrace deposits were 
sampled (fig. 5).

Targeted Urban Network

Locating wells suitable for targeted urban sampling was difficult in the Oklahoma City area, 
because most of the water use in the urban area is from public water supplies. To locate wells, a 
television news story and an announcement in a local newspaper briefly explained the NAWQA 
project and requested that well owners in the area contact the U.S. Geological Survey if they 
were interested in having their wells sampled. Candidate wells were subject to the same 
sampling suitability requirements as the wells in the low-density survey sampling networks, and 
were all less than 300 ft deep. All wells located in this manner were plotted on a map of the 
urban area. A grid was placed over the urban area map and wells were selected randomly from 
each grid cell. A total of 41 wells were sampled for the targeted urban network (fig. 6).

Targeted Naturally Occurring Trace Substances Network

Nine test holes were drilled in the Central Oklahoma aquifer to investigate local occurrences 
of potentially toxic, naturally occurring trace substances in water. These substances include 
arsenic, chromium, selenium, residual alpha-particle activity, and uranium. Chemical analysis 
of water samples from eight test holes and geophysical logs for nine test holes were presented in 
Schlottmann and Funkhouser (1991). Chemical composition of rocks from the Central 
Oklahoma aquifer was presented by Mosier and others (1990). An additional report describing 
the mineralogy and petrology of rock cores was presented by Breit and others (1990). No 
further discussion of the targeted naturally occurring trace substances network is included in this 
report.

Sampling Biases

Although efforts were made to obtain a random, unbiased sampling of wells in each 
network, some biases exist. One known bias is that the sampling was limited to wells that were 
operational and had pumps installed. In areas of known or obvious water-quality problems, few 
wells would be in use and therefore such an area would not have been sampled. Other biases 
might be related to the willingness of the well owners to allow their wells to be sampled, or to 
the similarity of wells constructed in a particular area, many of which may have been drilled by 
the same driller.
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The manner in which the sampled wells were constructed was thought to bias the observed 
water quality. Domestic supply wells completed in the Central Oklahoma aquifer generally are 
drilled by rotary methods, cased to the full depth of the well, screened or perforated at depths 
opposite the most permeable strata, and gravel packed from the bottom of the well to 10 ft 
below land surface. The wells are sealed with cement to the land surface. This method of 
construction increases the yield of a well, particularly wells completed in the Permian geologic 
units, where individual sandstone layers may produce only small amounts of water. This type of 
construction increases the probability that a well could be contaminated by substances 
introduced at or near the land surface. Even if most of the water is withdrawn from deep strata, 
a contaminant introduced at or near the land surface could migrate down the gravel pack and 
affect the water quality.

A geologic bias could exist for wells sampled as part of the urban network. Oklahoma City 
is located at the eastern edge of the outcrop of the Hennessey Group and much of the urban area 
is situated where a thin layer of the Hennessey Group overlies the Garber Sandstone. Many 
wells in the urban network are drilled through the Hennessey Group and completed in the 
Garber Sandstone, but outside the urban area, few wells were sampled where the Garber 
Sandstone is overlain by the Hennessey Group. However, the concentrations of the inorganic 
constituents within the urban sampling network did not appear to be spatially correlated with the 
Hennessey Group.

13



SAMPLING PROCEDURE

Sampling for the Central Oklahoma aquifer NAWQA project was a three-step process: 
(1) Purging the well, (2) field analysis, and (3) sampling and sample treatment. These steps 
were not independent, but interrelated parts of a process.

All well purging, with the exception of five small-diameter test holes in the geochemical 
network, was accomplished using pumps already in the well, and samples were taken as close to 
the wellhead as possible. The test holes initially were purged using a portable air compressor 
by air lifting three casing volumes of water from the well. Following this initial purging, the test 
holes were purged and sampled with a stainless-steel and Teflon I 1 bladder pump with Teflon 
sampling lines until field parameters (specific conductance, pH, water temperature, and 
dissolved oxygen) stabilized. The bladder pump was controlled electrically and driven with dry 
compressed nitrogen.

The field parameters of the water, for all wells, were measured continuously during the 
purging process using a flow-through measuring chamber. The pH values in the flow-through 
chamber were determined after the inflow valve was closed and the pressure in the chamber 
equilibrated with atmospheric pressure. The well was considered purged when a minimum of 
three casing volumes of water had been pumped from the well and the field parameters were 
stable. The field parameters were considered stable when three consecutive measurements, 
taken at intervals of 5 minutes or more, differed by less than the following amounts: Water 
temperature, 0.2 degrees Celsius (°C); specific conductance, five percent (or 5 microsiemens per 
centimeter at 25°C (|iS/cm) when less than 100 |iS/cm); andpH, 0.1 units. Continuously 
operated production wells were purged only until the field parameters were stable. Some of the 
sampled wells were not equipped with submersible pumps, or access to the well was not close to 
the wellhead; additional purging time was allowed in those cases.

Specific conductance was measured using a portable conductivity meter with automatic 
temperature compensation. The conductivity meter calibration was checked daily, or whenever 
field conditions warranted, using standard conductivity solutions that bracketed the expected 
field values. Water temperature was measured to the nearest 0.1 °C using a thermistor circuit 
within the conductivity meter. All thermistor circuits were checked daily using an American 
Society for Testing and Materials mercury thermometer. Values of pH were measured using a 
portable pH meter, with automatic temperature compensation and a Ross combination pH 
electrode. The pH meters were calibrated at every site before starting measurements and 
checked after all measurements were completed using standard buffer solutions that bracketed 
the expected field pH values; then the calibration was corroborated using a third buffer solution. 
Dissolved oxygen (DO) concentration was measured using a portable DO meter that was 
calibrated at the beginning of each day, or when field conditions warranted, in water-saturated 
air using a calibration wand. Alkalinity of the water was determined by the electrometric 
method, which uses an incremental titration of 0.16-normal standardized sulfuric acid past the 
carbonate-bicarbonate inflection point (at an approximate pH of 8.3) and the bicarbonate-

1. The use of firm and trade names in this report is for identification purposes only and does 
not constitute endorsement by the U.S. Geological Survey.
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carbonic acid inflection point (at an approximate pH of 4.5). The titration was done in 
duplicate or until agreement within two percent was achieved.

Stabilization of field parameters marked the beginning of the field analysis phase of the 
sampling. The field parameters were measured at 15-minute intervals or less for the remainder 
of the sampling process. Samples were collected and analysed for alkalinity. Sampling for the 
various inorganic constituents and, for wells in the geochemical survey, 14carbon sampling was 
started at this time. The inorganic samples and field measurements were taken from a sampling 
manifold constructed of poly vinylchloride pipe and valves that connected the various 
components (flow-through chamber, plate filter, cartridge filter, radon sampling port, and a flow 
meter on the waste line) to sampling lines made of flexible polyvinylchloride tubing. Samples 
for total inorganic-constituent analysis were collected first, followed by samples for dissolved 
radiological, major ions, trace substances, and nutrient analyses.

Samples collected for the analysis of dissolved inorganic samples were filtered through a 
142-millimeter diameter, 0.45-micron pore size, cellulose-nitrate membrane filter, using an 
acrylic in-line filter holder; if the sediment load was significant, the sample was filtered through 
a disposable, 700-centimeters2, 0.45-micron pore size, pleated, cartridge filter before any other 
treatment. Samples for the analysis of radon were the last of the inorganic samples collected. 
Samples for the analysis of radon were collected, using a syringe and hypodermic needle, 
through a septa-port in the manifold system, while the water was still under pump pressure. 
Duplicate 10-milliliter (ml) samples were collected and injected below the surface of the "radon 
cocktail" (a measured volume of mineral oil) directly into a scintillation vial.

Samples for the analysis of organic constituents were collected using a short piece of Teflon 
tubing equipped with a stainless-steel tip. The Teflon tubing was connected directly to the well 
outlet. The metal connectors and stainless-steel tip were washed with laboratory detergent, 
rinsed with carbon-free water and baked for 1 hour at 180°C prior to use. The Teflon tubing was 
washed in laboratory detergent, acid rinsed, and then rinsed in carbon-free water. Samples for 
the analysis of volatile organic constituents were collected first, at a very low flow rate to avoid 
aeration; followed by samples for the analysis of pesticides; and, finally, a sample for the 
analysis of dissolved organic carbon was collected.

The suite of analytes (physical properties, major ions, nutrients, trace substances, 
radionuclides, and organic constituents) monitored in the sampling networks were, with a few 
exceptions, constant. In addition to the analytes common to all samples, water samples from the 
geochemical network were analyzed for 14carbon, 13/12carbon isotope ratios, 34/32sulfur isotope 
ratios, 226radium, and 228radium. The geochemical network also included an additional sample 
for the analysis of chromium using a more sensitive graphite furnace atomic-absorption method 
of analysis. Samples from the geochemical network and from deep wells in the low-density 
survey network also were analyzed for 2/1 hydrogen and 18/16oxygen isotope ratios. The 
geochemical network did not include any samples for the analysis of antimony, mercury, or 
organic constituents. An additional sample for analysis of hexavalent chromium was collected 
from wells in the low-density survey bedrock network. Several organic constituents were added 
to the list of analytes during the course of the low-density survey sampling, as needs arose or 
constituent coverages of the laboratory were expanded.

Samples were stabilized as quickly as possible after collection. Sample treatment was 
specific for each type of sample and is described in table 1. Sample treatment was also carried

15



Table \.~Sample treatment and types of containers 

[ml, milliliter, L, liter; °C, degrees Celsius; mg, milligrams; |i, micron]

Sample type

Physical 
properties

Anions

Sample treatment

None 

Filtered

Type of Container

250-ml polyethylene 
bottles

250-ml polyethylene

Cations and trace 
substances

Hexavalent- 
chromium

Graphite furnace 
chromium

Mercury

Nutrients

Radiochemical

Tritium 

Radon

34/32Sulfur 

isotopes
13/12Carbon 

isotopes

14Carbon

2/1Hydrogen and 
18/16oxygen 

isotopes

voc

Pesticides

Dissolved organic 
carbon

Filtered, and pH adjusted to 2.0 
with nitric acid

Filtered, and pH adjusted to 2.5 with 
hydrochloric acid

Filtered, and pH adjusted to 2.0 
with ultrex nitric acid

Filtered, and treated with 5-ml potassium 
dichromate/nitric acid solution

Filtered, and treated with 1-ml of 10'4 
molar mercuric chloride, chilled to 4°C

Filtered, and acidified with 1-ml/L 
hydrochloric acid

None

Sample is injected below the surface of the 
"radon cocktail" in the scintilation vial

1-ml 10"4 molar mercuric chloride solution 
is added, and chilled to 4°C

Treated with ammonium hydroxide, precipitated 
with strontium chloride, and a 10-mg 
mercuric chloride tablet is added

bottle

1-L polyethylene 
bottles (acid rinsed)

250-ml polyethylene 
bottle (acid rinsed)

250-ml Teflon 
bottle (acid rinsed)

250-ml glass 
bottle (acid rinsed)

250-ml amber 
polyethylene bottle

1 to 4-L polyethylene 
bottles

1-L glass bottles

40-ml scintilation 
vial

2-L polyethylene 
bottle

1-L glass bottle 
(carbon free)

Precipitated with 6 molar sodium hydroxide and 2-L glass bottle 
3 molar strontium chloride in an inert atmosphere (carbon free)

A 10-mg mercuric chloride tablet is added, 250-ml glass 
and chilled to 4°C

1 drop hydrochloric acid is added to vial 
before sampling, and sample chilled to 4°C

Chilled to 4°C

Filtered through a 0.45|J. silver filter,
and a 10-mg mercuric chloride tablet is added

40-ml septa vial

1-L glass bottle 
(carbon free)

125-ml glass
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out in a specific order. Samples preserved with hydrochloric acid were treated first, 
followed by samples treated with nitric acid, then samples to which potassium dichromate/nitric 
acid solution was added, and finally those samples that required mercuric chloride preservative.

All samples, except those for 14carbon, were submitted to the USGS National Water Quality 
Laboratory in Arvada, Colorado, for analysis. The 14carbon samples were submitted to the 
Radiocarbon Laboratory of Southern Methodist University in Dallas, Texas, for analysis.

Samples sent to the U.S. Geological Survey's National Water-Quality Laboratory were 
analyzed using standard analytical methods. Methods for inorganic constituents are described in 
Brown, Skougstad, and Fishman (1970). Radiochemical analyses were completed using standard 
methods as described in Thatcher, Janzer, and Edwards (1977). Analytical methods for organic 
constituents are described in Wershaw and others (1987). 14Carbon was analyzed by 
quantitative conversion of the carbon to benzene followed by liquid scintillation counting.
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SUMMARY OF GROUND-WATER QUALITY

The quality of the sampled ground water varied substantially. The sum of constituents 
(dissolved solids) concentrations ranged from 71 to 5,610 mg/L, with 38 percent of the wells 
sampled exceeding the Secondary Maximum Contaminant Level (SMCL) of 500 mg/L 
established under the Safe Drinking Water Act (U.S. Environmental Protection Agency, 1986a, 
1988b). pH ranged from 5.7 to 9.2 standard units with 20 percent of the wells outside the 
SMCL 6.5 to 8.5 standard units (U.S. Environmental Protection Agency, 1988b). Nitrite plus 
nitrate concentrations ranged from <0.1 to 85 mg/L with 8 percent of the wells exceeding the 
proposed MCL of 10 mg/L (U.S. Environmental Protection Agency, 1988c). Concentrations of 
trace substances were also highly variable, ranging from below the minimum reporting levels 
(see table 3) to concentrations equal to or greater than the MCL for several constituents (arsenic, 
barium, cadmium, chromium, lead, and selenium) (U.S. Environmental Protection Agency, 
1986a, 1988c, 1989). Gross alpha radioactivity ranged from 0.1 to 210 pCi/L as 230thorium, and 
twenty percent of the wells sampled exceeded the proposed MCL of 15 pCi/L (U.S. 
Environmental Protection Agency, 1991). Organic constituents were reported in 39 percent of 
the 170 wells sampled for organic constituents, usually at or near the minimum reporting levels 
of the various constituents. Of the wells sampled for organic constituents, 10 had one or more 
constituents (chlordane, 1,1-dichloroethylene, dieldrin, heptachlor epoxide, 1,1,1- 
trichloroethane, and trichloroethylene) at concentrations equal to or greater than the MCL or in 
excess of acceptable concentrations as suggested in the Environmental Protection Agency's 
Health Advisory Summaries (U.S. Environmental Protection Agency, 1986a, 1990b).
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QUALITY-ASSURANCE SAMPLING

Quality-assurance sampling was used to evaluate the precision and accuracy of ground-water 
sampling. Several types of quality-assurance samples were used:

(1) Blanks: Blanks are solutions that have no detectable concentrations of the 
constituents of interest. Blanks were used to determine if water samples were 
being contaminated during the sampling or analytical process. The National 
Water Quality Laboratory, which analyzed most of the Oklahoma NAWQA 
samples, uses several different types of blank samples as part of the analytical 
process, but these laboratory blanks are not discussed in this report. Three 
different types of blanks were used in the field-sampling program. Trip blanks 
are blank solutions that are put in the same type of bottle as that used for water 
samples; they are stored with the sample bottles both before and after sample 
collection. Trip blanks are prepared in the laboratory and are never opened in 
the field. Trip blanks identify contaminants that might be introduced directly by 
the sample bottle or by diffusion into the sample bottle while it is being 
transported. In this study, trip blanks were used only with samples for volatile- 
organic constituent (VOC) analysis. VOC samples are thought to be the only 
samples susceptible to contamination during transportation. Sampler blanks are 
blank solutions that are subjected to all aspects of sample collection, including 
field processing, preservation, transportation, and laboratory handling. Analysis 
of sampler blanks identifies contaminants introduced by the sampling 
equipment. Sampler blanks generally are used in conjunction with other types 
of blank samples to identify the source of contamination, but are not related to 
specific wells or samples. Field blanks, for the Oklahoma NAWQA sampling, 
were sampler blanks which were prepared in the field exclusively for organic 
constituent analysis. Field blanks are associated with specific samples. The 
frequency with which field blanks were prepared ranged from daily at the 
beginning of the bedrock network sampling to a set of blanks with every water 
sample collected for VOC analysis during the alluvium and terrace network 
sampling. Analysis of field blanks identify sampling problems for specific 
samples.

(2) Spikes: Spikes are samples to which known concentrations of specific
constituents have been added. Field spikes are used to determine the effects of 
sampling, preservation, and transportation to the laboratory on the constituents 
of interest. In this study spikes were prepared in duplicate to determine the 
precision of the spiking process. Starting in 1989, a third spiked sample was 
added, a laboratory spike. The laboratory spike was prepared in the laboratory 
immediately before sample analysis. The analysis of laboratory spikes was used 
in conjunction with field spikes to evaluate the degradation of specific 
constituents between the time when the sample was collected and the time when 
the sample was analyzed.

(3) Blind samples: Blind samples are solutions of known composition that are 
submitted for analysis. The sample of known composition is referred to as the 
reference material. Blind samples test the accuracy of the analytical process.
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(4) Duplicate samples: 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. In this study, the duplicate sample was collected immediately 
following the normal sample without using a splitting device.

(5) Repeated samples: At some wells where the analytical determinations were 
equivocal, a second sample was collected and analyzed. This second sample 
was collected weeks or months after the first sample.

Several sampling problems were identified using quality-assurance samples. Teflon tubing 
used as part of the sampling equipment during the alluvium and terrace deposits network 
sampling, from June 5 to 26, 1989, was contaminated with trichlorofluoromethane, and 
contaminated field blanks isolated the problem. After the problem was identified, the Teflon 
tubing was given an additional rinse prior to sampling; trichlorofluoromethane was not detected 
in any blanks after that.

Methylene chloride was reported in the water used for rinsing equipment and for preparing 
field blanks during the early 1989 organic sampling. The methylene chloride was not reported in 
subsequent blanks that were prepared with organic-free water from the National Water-Quality 
Laboratory. Water samples collected during this period could have been contaminated during 
collection by rinse water containing methylene chloride. Methylene chloride is a common 
laboratory solvent and some ground-water samples could have been contaminated while in the 
laboratory for analysis.

Sampler blanks prepared June 30 and July 15, 1988, had elevated concentrations of some 
organic constituents (chloroform, toluene, and methylene chloride) that were attributed to 
aerosol lacquer in the ambient air at the time the sampler blanks were prepared. Sampler blanks 
were collected in non-confined, field sampling environments after it became apparent that the 
sampling environment could make measurable differences in the concentrations of volatile 
organic constituents in water samples.

The use of hydrochloric acid as a preservative in volatile organic samples promotes the 
chemical breakdown of toluenes and xylenes. If these constituents were initially present in 
samples or blanks they could have been broken down and not present when the samples or 
blanks were analyzed. Thus, the Oklahoma NAWQA sampling may have understated the 
occurrence of toluene and xylene in ground water.

The sample contamination problem was not confined to organic constituents. Examination 
of sampler-blank data indicated a measurable contamination of dissolved zinc and, to a much 
lesser extent, dissolved copper and lead. The most probable source of this contamination was 
the filter and assembly used to remove suspended material from the samples. The dissolved 
trace-substance concentrations are reported herein for water that was collected, processed, and 
analyzed using other than ulrraclean techniques. The concentrations are reported in ug/L and 
could reflect contamination introduced during some phase of the procedure.

Recovery rates for pesticide-spiked samples ranged from 20 to 160 percent, with an average 
of 86 percent. Recovery rates for spiked VOC samples ranged from 36 to 102 percent, with an 
average of 70 percent. The results of one spiked sample were unexplainable. Several of the 
spiking constituents were unreported and other constituents were present that were not in either 
the matrix or the spiking solution, and a third group were present in the spiked sample at the
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expected concentrations. The results of this spiked sample are not included in the recovery 
statistics.

The quality-assurance sampling for the Oklahoma NAWQA project showed that the results 
for inorganic constituents and pesticides analyses were reproducible and reasonably accurate. 
Blind samples produced data that compared favorably with the most probable values of the 
reference material. Problems with sampling for VOC's were detected by the use of quality- 
assurance sampling and corrected.
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DESCRIPTION OF DATA TABLES

Most of this report consists of tables that list the results of laboratory analyses of the water 
samples collected for the Oklahoma NAWQA project. Although the tables generally are self- 
explanatory, an overview is useful to explain the structure of the tables, especially for organic 
constituents.

Wells that were sampled are identified in the tables by three different methods:

(1) Wells are uniquely identified in the National Water Information System (NWIS) 
data base, the primary repository for the Oklahoma NAWQA data, by a 15-digit 
site-identification number. This number originally is generated by determining 
the latitude and longitude of the well to the nearest second and adding a 2-digit 
sequence number for each well located at the same latitude and longitude. 
However, if the original latitude and longitude are later determined to be in 
error, the site-identification number is not changed. Thus, the site-identification 
number should not be used as the latitude and longitude of the well.

(2) A modified version of the standard legal method for describing the location of 
land is applied to wells in this report. The standard legal method of giving 
location by fractional section, section, township, and range is replaced in this 
report by the method illustrated in figure 7. This method of locating wells is 
referred to as the "local identifier" in this report.

(3) Because both the site-identification number and the local identifier are lengthy, 
numbers were assigned to the 202 wells sampled for the Oklahoma NAWQA. 
These numbers are simply integers 1 through 206 (numbers 111, 127,172, and 
194 are omitted), and are referred to as the "well number" in this report. The 
well number is used on figures that show locations of wells.

The ground-water data in tables 2, 4, 5, 6,7, and the blank analyses in table 12 are grouped 
by county. Within each county the wells are sorted in ascending order by local identifier. 
Multiple analyses of the same well are listed in chronological order. The constituents for each 
well appear in groups of similar substances. Within each group, the constituents are arranged 
alphabetically and all of the constituents are completed before another group of wells is 
presented. For all properties and constituents, except organic constituents, an entry always 
exists in the appropriate table, for every sample, regardless of whether or not the constituent was 
reported above the minimum reporting level.

Selected information about the wells that were sampled for the Oklahoma NAWQA project 
is listed in table 2. This information includes physical characteristics of the well, such as well 
location, depth, and water level. The chemical constituents and the respective minimum 
reporting levels for samples analyzed in each sampling network are listed in table 3. The 
minimum reporting level is the smallest concentration for a given constituent and sample matrix 
that can be reliably reported by the laboratory. Physical properties and the concentrations of 
major ions, nutrients, and trace substances in water samples from wells are listed in table 4.

Concentration of radionuclides and the radioactivity of water samples from wells are listed 
in table 5. Because of the complexity of the analysis, the data in this table are listed as a value 
plus or minus two standard precision estimates (2SPE). The 2SPE is an estimate of the 
precision of the value; the computation is presented in equation 1:
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Oklahoma has two systems of 
intersecting base lines and meridi­ 
ans: one for the Panhandle, and one 
for the major portion of the state. The 
division between the two systems is 
indicated by the dashed line on the 
state map to the left.

03N-03E-29 BCD 1

The standard method for describing the lo­ 
cation of a data collection site by fractional sec­ 
tion, section, township, and range, usually re­ 
ferred to as the legal description, is replaced in 
this report by a local identifier illustrated by this 
figure. By the legal method, the location of the 
site indicated by the dot would be described as 
SE 1/4 SW1/4 NW1/4, Sec. 29, T 3 N., R. 3 E. The 
method used by this report changes the order 
and indicates quarter subdivisions of the sec­ 
tions by letters. A sequence number is added 
to provide a unique local identifier for each site. 
By this method, the location of the site is given 
as 03N-03E-29 BCD 1.

Figure 7. Explanation of local identifier.
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2SPE = 2x[(C2 + A2 + Y2 + I2 + S2 + R2 ) xVJ (1)

where C is the counting error divided by the value of the measurement, A is the aliquot size 
error, Y is the yield error, / is the instrument calibration error, S is the systematic error, R is the 
random procedural error, and V is the value of the measurement.

Carbon isotope ratios and the delta values (5-values) of selected isotopes for water samples 
from wells are listed in table 6. The 14carbon data are reported as the percentage of the carbon 
isotopes that are less than 40,000 years old (percent modern). The other isotope ratios are 
compared with the ratios of the isotopes in standards, for each constituent, and this difference is 
reported as the lvalue.

Concentrations of organic constituents that were reported in water samples from wells are 
listed in table 7. Only wells with concentrations of at least one constituent at or above minimum 
reporting levels and those constituents with a value equal to or greater than the minimum 
reporting level are included in this table. The samples from wells that are not included in table 7 
have concentrations of all of the organic constituents (see table 3) at levels less than the 
minimum reporting level for each constituent. Samples from the geochemical network were not 
analyzed for organic constituents.

Organic constituents not detected in any ground-water sample are listed in table 8. These 
constituents are grouped into classes of similar substances and are sorted alphabetically. A 
statistical summary of the water-quality data (number of samples, lowest value, median value, 
and highest value), by constituent is presented in table 9. In addition to these statistics, the 
maximum contaminant level (MCL) or regulated level of constituents permitted in public water 
supplies, as well as secondary maximum contaminant levels (SMCL), and suggested health 
advisory levels of the Environmental Protection Agency (U.S. Environmental Protection 
Agency 1976,1986b, 1988a, 1989, 1990a, 1990b, 1991) are included in this table for 
comparison.

Concentrations of organic constituents reported in quality-assurance spiked samples are 
listed in table 10. The theoretical concentrations of the spiked constituents, and the 
concentration of the various organic constituents in the unspiked matrix solution are also 
included in this table. Physical properties and concentrations of major ions, nutrients, trace 
substances, radionuclides, and reported organic constituents in quality-assurance sampler blanks 
are listed in table 11. Concentrations of organic constituents reported in quality-assurance field 
and trip blanks are listed in table 12. These blank samples have identical sample identifiers 
(local identifier, date, time, site identification number, and well sequence number) as the ground- 
water samples with which they were collected. As with the ground-water analyses, these data 
are grouped by county, sorted by local identifier, and listed chronologically. The most probable 
values for physical properties, concentrations of major ions, nutrients, and trace substances in 
reference material and the concentration of those constituents when analyzed as a quality- 
assurance blind sample are listed in table 13.

In summary, a listing of geographic, hydrologic, and construction information about every 
well sampled is presented in table 2. Minimum reporting levels, and the associated sampling 
networks for the chemical constituents analysed in the project are listed in table 3. Table 3 can 
be used in conjunction with the network sampling maps (figures 3 to 6) to determine which 
constituents were analyzed for specific wells. The inorganic analytical results for every well
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sampled are presented in tables 4 through 6. Concentrations of the organic constituents 
reported in at least one ground-water sample, for every well that had at least one organic 
constituent reported, are listed in table 7. The organic constituents that were not reported in any 
ground-water sample are listed in table 8. Table 9 presents a statistical summary, by constituent, 
of the water-quality data presented in tables 4-8, as well as suggested or regulated levels for 
those constituents in public water supplies. Results of the quality-assurance sampling are 
presented in tables 10-13. Duplicate and repeated samples are not listed in any quality- 
assurance tables, but are presented with the ground-water data in tables 4 through 7.
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Table 3. Constituents anaLyssed /or each- samp Ling network and minimum reporting levels

[Network: Geochen, geochemical network; Bedrock, Low-density survey samp Ling bedrock network; 
Urban, targeted sampling urban network; AlIkter, low-density survey sampling alluvium and 
terrace network. X, sampled in every well in this network; °C, degrees Celsius; /iS/cm, 
microsiemens per centimeter at £5°C; Minimum reporting level, dual reporting levels( / ) 
reflect reporting Levels for samples with specific conductance less than 2, 000 ftS/cm, and 
greater than 2t 000 jiS/cm respectively; mg/L, milligrams per liter; /ig/L, micrograms per liter; 
pCi/L, picocuries per liter; Percent modern, 0.7 percent, or less, modern carbon at the 
40f 000-year age; 6 value, delta value; per mil, ((isotope ratio in sample minus ratio in 
standard) divided by ratio in standard) multiplied by 1,000; FOB, Peedee belemnite; SMOW, 
Standard Uean Ocean Water; CDT. Canyon Diablo Troilite]

Network

6 B U A
e e r I
o d b I Minimum
c r a fc reporting Constituent
h o n t level
e c e
m k r

Propert ies

X X X X 0.1 Specific conductance, (//S/cm)
X X X X 0.1 pH (standard units)
X X X X 0.5 Water temperature, (oC)
X X X X 0.1 Oxygen, dissolved (mg/L)
X X X X 1 Hardness, total (mg/L as calcium carbonate)
X X X X 1 Alkalinity, whole water, incremental titration,

	field, total, (mg/L as calcium carbonate)

Dissolved Sol ids

X X X X 1 Solids, sum of constituents, dissolved (mg/L)

Major Ions

X X X X 0.02/0.06 Calcium, dissolved (mg/L)
X X X X 0.01/0.03 Magnesium, dissolved (mg/L)
X X X X 0.2/0.6 Sodium, dissolved (mg/L)
X X X X 1 Sodium, percent
X X X X 0.1 Potassium, dissolved (mg/L)
X X X X 1 Bicarbonate, whole water, incremental titration. field (mg/L)
X X X X 1 Carbonate, whole water, incremental titration, field (mg/L)
X X X X 1 Sulfate. dissolved (mg/L)
X X X X 0.1 Chloride, dissolved (mg/L)
X X X X 0.01 Ruoride. dissolved (mg/L)
X X X X 0.01 Bromide, dissolved (mg/L)
X X X X 0.03 Silica, dissolved (mg/L)

Nutrients

X X X X 0.001 Nitrite, dissolved (mg/L as nitrogen)
X X X X 0.1 Nitrite plus nitrate, dissolved (mg/L as nitrogen)
X X X X 0.002 Ammonia, dissolved (mg/L as N)
X X X X 0.2' Ammonia plus organic nitrogen, dissolved (mg/L as nitrogen)
X X X X 0.001 Phosphorus, orthophosphate, dissolved (mg/L as phosphorus)

Carbon 

XX X 0.1 Carbon, organic, dissolved (mg/L)
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Table 3. Constituents anaLyssed for each, sampling 
network and minimum reporting Leveis  Continued

Network

G
e
o
c
h
e
m

B
e
d
r
o
c
k

U
r
b
a
n

A
1
1
&
t
e
r

Mi nimun
Report ing
level

Const i tuent

Trace Substances

Aluminum, dissolved (fig/L)
Antimony, dissolved (fig/L)
Arsenic, dissolved (flg/L)
Barium, dissolved (flg/L)
Beryllium, dissolved (fig/L)
Boron, dissolved (fig/L)
Cadmium, dissolved (fig/L)
Chromium, dissolved (fig/L)
Chromium, hexavalent, dissolved (fig/L)
Cobalt, dissolved (fig/L)
Copper, dissolved (fig/L)
Iron, dissolved (fig/L}
Lead, dissolved (fig/L)
Lithium, dissolved (fig/L)
Manganese, dissolved (fig/L)
Mercury, dissolved (fig/L)
Molybdenum, dissolved (fig/L)
NickelI, dissolved (iig/L)
Selenium, dissolved (fig/L)
Silver, dissolved (fig/L)
Strontium, dissolved (fig/L)
Vanadium, dissolved (fig/L)
Zinc, dissolved (fig/L)

Radionuclides

Gross alpha, dissolved (pCi/L as 28 °thorium)
Gross alpha, dissolved (fig/L as U-natural)
Gross beta, dissolved (pCi/L as 187 cesium)
Gross beta, dissolved (pCi/L as 90 strontium/ 90 yttrium)
226 Radium, dissolved (pCi/L)
228 Radium, dissolved (pCi/L)
222 Radon, total (pCi/L)
Tritium, total (pCi/L)
284 Uranium, dissolved, (pCi/L)
285 Uranium, dissolved, (pCi/L)
288 Uranium, dissolved, (pCi/L)
Uranium, natural, dissolved (fig/L)

1 GeochemlcaI network chromium data were produced using an atomic adsorption graphite furnace 
method which has a minimum reporting level of 1 fig/L.

X

X
X
X
X
X
X1

X
X
X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X

10
1
1

2/6
0.5/1.5

10
I/ 3
5/15

1
3/9
10/30
3/9
10/30
4/12
1/3
0.1
10/30
10/30

1
1/3

0.5/1.5
6/18
3

0.4
0.4
0.4
0.4
0.02
1.0
80
0.3
0.1
0.1
0.1
0.2
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Table 3. Constituents analyzed far each, samp Ling 
network and mwvimun reporting Levels  Continued

Network

G B U A
e
o
c
h
e
m

e
d
r
o
c
k

r
b
a
n

1
1
£
t
e
r

Minimun
Report ing
level

Const i tuent

x 
x
X X2 
X X2 
X

0.70 
+/- 0.3 
+/- 1 5 
+/- 0-15 
+/- 0.3

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.2
0.20
0.20
0.2
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.2
0.20
0.20
0.2

Isotoplc Ratios

14 Carbon, percent modern
13 /12 Carbon, <5-value relative to PDB (per mil) 
V1 Hydrogen, 5-value relative to SMOW (per mil) 
1B /lfi Oxygen, 5-value relative to SMOW (per mil) 
34 /32 Sulfur. 5-value relative to COT (per mil)

Volatile Organic Compounds

Benzene, total (//g/L)
Bromobenzene, whole water, total (//g/L) 
Bromoform, total (//g/L) 
Chlorobenzene, total (//g/L)
1.2-Dichlorobenzene, total (//g/L)
1.3-D i chlorobenzene, total (//g/L)
1.4-Dichlorobenzene, total (//g/L)
Ethyl benzene, total (//g/L)
Carbon tetrachloride, total (//g/L)
Chloroform, total (//g/L)
Chloroethane, total (//g/L)
1,2-Dibromoethane, whole water, total (//g/L)
1.1-Dichloroethane, total (//g/L)
1.2-Dichloroethane, total (//g/L)
1,1,1,2-Tet rachloroethane, whole water, total (//g/L)
1,1,2,2-Tetrachloroethane, total (//g/L)
1.1.1-Trichloroethane, total (//g/L)
1.1.2-Trichloroethane, total (//g/L)
1,2-Dichloroethene, whole water, recoverable (//g/L)
1.1-Dichloroethylene, total (//g/L) 
Tetrachloroethylene. total (//g/L) 
Trichloroethylene, total (//g/L) 
Chlorodibromomethane, total (//g/L) 
Dibromomethane, whole water, recoverable (//g/L) 
Dichlorobromomethane, total (//g/L) 
Dichlorodi f luoromethane, total (//g/L) 
Tr ichlorof luoromethane, total (//g/L) 
Methyl bromide, total (//g/L) 
Methyl chloride, total (//g/L) 
Methylene chloride, total (//g/L)
1.2-Dichloropropane, total (//g/L)
1.3-Oichloropropane, whole water, total (//g/L) 
2,2 Oicloropropane, whole water, total (//g/L) 
1,2,3-Trichloropropane, whole water, total 0/g/L) 
1,1 Oichloropropene, whole water, total (//g/L) 
cis-1,3-Dichloropropene, total (//g/L) 
t rans-1,3-Dichloropropene, total (//g/L) 
Styrene, total (//g/L)

2 For bedrock network wells, only those greter than 300 ft deep were sampled for 2 /1 hydrogen 
and 1B /16 oxygen isotopes.
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Table 3. Cbnstvfruents {analyzed far each, samp Ling 
network and minimum reporting Levels  Cont inued

Network

G
e
o
c
h
e
m

B
e
d
r
o
c
k

X
X
X
X
X

U
r
b
a
n

X
X
X
X
X

A
1
1
k
t
e
r

X
X
X
X
X

Minimum
Report ing
level

0.20
0.20
0.20
0.20
0.2

Constituent

Volatile Organic Compounds   Continued

Toluene, total (fig/L)
ortho-Chl orotol uene, whole water, total (fig/L)
para-Ch 1 orotol uene, whole water, total (fig/L)
Vinyl chloride, total (fig/L)
Xylenes, total, whole water, total recoverable </iflA)

	Carbamate Insecticides

XXX 0.5 Aldicarb, whole water, total recoverable (fig/I)
XXX 0.5 Aldicarb sulfone, whole water, total recoverable (lig/L)
XXX 0.5 Aldicarb sulfoxide, whole water, total recoverable (fig/L)
XXX 0.5 Carbofuran. whole water, total recoverable (fig/I)
XXX 0.5 3-Hydroxycarbofuron, whole water, total recoverable (fig/L)
XXX 0.5 Methiocarb, whole water, total recoverable (fig/L)
XXX 0.5 Methomyl. total (fig/L)
XXX 0.5 1-Naphthol, whole water, recoverable (fig/L)
XXX 0.5 Oxyamyl, whole water, total recoverable (fig/L)
XXX 0.5 Propham, total (fig/L)
XXX 0.5 Propoxur. whole water, recoverable (lig/L)
XXX 0.5 Sevin, total (fig/L)

Chlorophenoxy Acid Herbicides, with Dicamba and Picloram

X3 X 0.01 Dicamba, total (fig/L)
X3 X 0.01 Picloram, total (fig/L)
XXX 0.01 Silvex, total (fig/L)
XXX 0.01 2,4-D, total (fig/L)
XXX 0.01 2,4-DP, total (fig/L)
XXX 0.01 2.4,5-T, total (fig/L)

	Organochlorine Compounds

XXX 0.010 Aldrin, total (fig/L)
XXX 0.010 Chlordane, total (fig/L)
XXX 0.010 ODD, total (fig/L)
XXX 0.010 DDE, total (fig/L)
XXX 0.010 DOT. total (fig/L)
XXX 0.010 Dieldrin, total (fig/L)
XXX 0.010 Endosulfan, total (fig/L)
XXX 0.010 Endrin, total (fig/L)
XXX 0.010 Heptachlor, total (fig/L)
XXX 0.010 Heptachlor epoxide. total (fig/L)
XXX 0.010 Lindane, total (fig/L)

3 0nly selected wells (Well numbers 61.192,199,203) were sampled for picloram and dicamba 
in the low density survey sampling bedrock network.
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Table 3. Constituents anaiyssed far each, samp Ling 
network and minintLen reporting LevcLs  Continued

Network

G B 
e e 
o d 
c r 
h o 
e c 
m k

X
X
X
X
X
X

X4
X
X4
X
X
X
X
X
X
X4

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

u
r 
b 
a 
n

X
X
X
X
X
X

X4
X
X4
X
X
X
X
X
X
X4

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

A
1 
1 
* 
t
e 
r

X
X
X
X
X
X

X4
X
X4
X
X
X
X
X
X
X4

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Minimun 
Reporting Constituent 
level

0.
0.
0.
0.
0.
1

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

01
01
01
10
1

01
01
01
01
01
01
01
01
01
01

10
10
10
1
1
1
1
10
1
1
1
1
1
1
1
1
10
10
1
1
10
1

Organoch 1 or i ne Compounds   Cont i nued

Methoxychlor, total (/Jg/L)
Mi rex. total (lig/L)
PCB's. total (flg/L)
Naphthalenes, polychlor inated (flg/L)
Perthane. total (flg/L)
Toxaphene, total (flg/L)

Organophosphorus Insecticides

Def, total (fig/L)
Diazinon, total (flg/L)
Disyston, total (flg/L)
Ethion, total (Ug/L)
Ethyl trithion, total (flg/L)
Malathion, total (flg/L)
Methyl pa rat hi on, total (fig /I)
Methyl trithion, total (flg/L)
Parathion, total (flg/L)
Phorate, total (flg/L)

Triazines and Other Nitrogen-Containing Herbicides

Alachlor, total recoverable (flg/L)
Ametryne, total (flg/L)
Atrazine, total (flg/L)
Bromacil, whole water, recoverable (flg/L)
Butachlor, whole water, recoverable (flg/L)
Butylate, whole water, recoverable (//g/L)
Carboxin, whole water, recoverable (flg/L)
Cyanazine total (flg/L)
Cycloate, whole water, recoverable (flg/L)
Diphenamid, whole water, recoverable (flg/L)
Hexazinone, whole water, recoverable (flg/L)
Metolachlor, whole water, total recoverable (flg/L)
Metribuzine, whole water, total recoverable (flg/L)
Prometone, total (flg/L)
Prometryne, total (flg/L)
Propachlor, whole water, recoverable (flg/L)
Propazine, total (flg/L)
Simazine, total (flg/L)
Simetryne. total (flg/L)
Terbacil, whole water, recoverable (flg/L)
Trifluralin, total recoverable (flg/L)
Vernolate, whole water, recoverable (flg/L)

4 0nly in samples analyzed for Organophosphorus compounds after January, 1990.
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