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Abstract

The Arkansas River’s natural water quality has caused it to be largely abandoned as a source of
municipal/industrial and public water supply. In general, the river’s water quality is greatly
influenced by the mineral and salt concentrations of the Salt Fork, Cimarron and Canadian
tributaries draining into it from across western Oklahoma. However, within the 42-mile long study
area from the Keystone Dam to the Tulsa/Wagoner County line certain physical and chemical
constituents of the river are typical of other streams’ water quality within the United States. This
would include pH, temperature, alkalinity, hardness, chloride, sulfate, total dissolved solids, heavy
metal concentrations and others. In addition, the Oklahoma Water Resources Board’s beneficial use
determinations and the US Environmental Protection Agency’s Water Quality Standards for the river
are being supported and/or met, respectively. This is substantiated by three Oklahoma Water
Resources Board’s monitoring stations, five City of Tulsa monitoring stations, and seven years of
recent water quality data. Throughout most of the study area, the river is supported for the Oklahoma
Water Resources Board’s designated beneficial uses that include; Emergency Water Supply, Warm
Water Aquatic Community, Agriculture, and Aesthetic Quality. This also includes the river not
being Nutrient Threatened. The water quality of the river is also influenced by anthropogenic
(manmade) sources of pollution mostly in the form of biological constituents. Thus, the Oklahoma
Water Resources Board’s beneficial use for Primary Body Contact—Recreation is variously
impaired or not impaired throughout most of the study area because of fecal coliform, E. Coli and
Enterococci bacteriological concentrations and number of occurrences. The industrial facilities
located along the river within the study area includes; nine (9) wastewater treatment plants, three (3)
public electricity generation utilities, nine (9) sand & gravel operations or concrete batch operations,
two (2) petroleum refineries, one (1) petroleum pipeline, one (1) paper product manufacturer, and
three (3) chemical product manufacturers or processors. These industrial facilities are permitted
under the US Environmental Protection Agency’s National Pollutant Discharge Elimination System
or the Oklahoma Pollutant Discharge Elimination System. In general, because of the long-standing
success of the state’s permitting program, the Oklahoma Water Resources Board’s beneficial use
criteria and the US Environmental Protection Agency’s Water Quality Standards ( where
applicable) are still being met within the 42-mile study area.



Arkansas River Corridor (ARC) Water Quality Data Report

Purpose of Study

The Greater Tulsa Area communities recognize the Arkansas River Corridor (ARC) is an important
natural resource that could be developed to stimulate immense private investment and greatly improve
the quality of life for current and future generations. A Tulsa County, one-penny, 13-year sales tax
was approved to support this vision (Vision 2025) with a portion of the tax devoted to studies and
improvements along the ARC. The Indian Nations Council of Governments (INCOG) directed and
oversaw the development of an ARC Master Plan/Phase I Vision Plan that was completed in August
2004. The US Army Corps of Engineers (USACE), Tulsa District and INCOG developed a Phase 11
Master Plan and Pre-Reconnaissance Study in October of 2005. Some of the objectives of the Phase II
Plan involved addressing potential environmental issues. This led to a letter agreement between Tulsa
County, the Oklahoma Water Resources Board (OWRB) and the USACE Tulsa District to inventory,
assess and evaluate environmental data for the Arkansas River from the Keystone Dam to the
Tulsa/Wagoner County line, a 42-mile long corridor. The environmental initiatives included a: 1)
faunal and floral inventory; 2) fish community structure and composition assessment; 3) aquatic
macro-invertebrate structure and composition; 4) water quality data assessment; 5) and cultural
resource evaluation. This report is specific to the water quality data assessment.

This ARC water quality data assessment was conducted in 2006/07 and included the compilation,
analysis and synopsis of existing water quality data. The water quality data was compiled from
available published reports and scientific literature produced by municipal agencies, county agencies,
state agencies, federal agencies, and private industry. A thorough analysis of the existing water
quality data produced this synopsis (report) of the current water quality conditions within the study
area. The study area was defined as the 42-mile long corridor of the Arkansas River within Tulsa
County from the Keystone Dam to the Tulsa/Wagoner County line (Figure 1). In addition to the
analysis and synopsis of the water quality data, this study included a supporting GIS database for
mapping. The GIS database and mapping format was designed to be compatible with the USACE and
county agency mapping formats. The GIS database and mapping format used for this study was based
on state of Oklahoma’s FIPS 3501 (feet), NAD83 horizontal datum plane and NAVDS88 vertical datum
plane coordinate system. The GIS database format also included all of the appropriate features that
support the USACE’s Spatial Data Standards for Facilities, Infrastructure, and the Environment
(SDSFIE) Release 2.5 requirements.

Introduction

In order to adequately assess the ARC (42-mile study area) one must first understand the basics of
water quality measurements as well as the natural chemistry of surface water. It is also important to
understand the basic characteristics of the Arkansas River as a whole. Secondly, it is important to
understand the specific characteristics of the river within the study area. These specific characteristics
include the climate, physiography, geology, soils, natural vegetation, hydrology, and watersheds.
Another characteristic to understand is the impact to the river by man (anthropogenic influences). So,
it is important to identify the demographic characteristics within the study area. These demographic
characteristics include the population distribution, municipalities, land use, water use, man-made
structures, and environmental influences.
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A final understanding necessary to assessing the water quality of the study area involves identifying
the governing state and federal water quality standards and regulations. These state and federal
standards and regulations dictate how a water body must be protected, the frequency of monitoring,
and the required types of physical, biological and chemical analysis. The governing agencies include
the OWRB and the United States Environmental Protection Agency (USEPA). The USEPA and the
Oklahoma Department of Environmental Quality (ODEQ) also regulate what type of discharges are
allowed into a river and who must be permitted to discharge into a river (USEPA, Permit
Compliance System [PCS], 2007). Finally, the surface water data must be assessed to establish a
current and relevant baseline of the water quality.

Water Quality Measurements

Water quality is a term used to describe the physical, biological, chemical characteristics and general
composition of water. These characteristics affect the ability of a water body to sustain life and
determine the suitability for human consumption. They can be naturally occurring or have an
anthropogenic (manmade) source. The complexity of water quality as a subject is reflected by the
many types of measurements of water. These measurements can be simple to complex. Most of the
simple measurements can be made on-site in the field, in direct contact with the water. The more
complex measurements have to be measured in a laboratory setting. These require a water sample to
be collected, preserved, and analyzed. The physical, chemical and biological measurements include,
but are not limited to; temperature, color, taste/odor, pH, alkalinity, conductivity, dissolved oxygen,
turbidity, total suspended solids, chemical oxygen demand, biochemical oxygen demand,
microorganisms, nutrients, dissolved metals/metalloids, dissolved organics, pesticides and heavy
metals (Hem, 1986).

Surface water analysis is intended to reflect the actual composition of the water whether it is a
physical, biological or chemical characteristic and whether it is measured directly or indirectly. The
physical characteristics can be measured or observed directly such as stream width, stream depth,
stream flow, sample depth, temperature, color, canopy cover, odor, and other similar observations.
Likewise, the measurement of the biological characteristics (e.g., fecal coliform, E. coli, Enterococci)
would be a direct and/or physical measurement of the number of colonies per a given water volume.
On the other hand, the chemical characteristics of surface water are more complex and require
measurements made by more indirect methods and sophisticated instrumentation. For example,
dissolved oxygen uses an electrode to measure the partial pressure of oxygen in the water and a similar
measurement for its percent saturation takes temperature into account. In addition, while some

inorganic compounds exist in solution as uncharged molecules (silica, SiO;) others dissociate into

cations (e.g., ammonium ion, NH4+1) and anions (e.g., nitrate ion, NO3'1). Another example would be
hardness and alkalinity titrations which are usually measured as an equivalent quantity of calcium
carbonate. And, the quantity of calcium carbonate (hardness & alkalinity) affects the reportable
concentrations of trace heavy metals (arsenic, barium, chromium, etc.).

Chemical Characteristics of Natural Surface Water

Typically, temperature varies with surface water depending on the source, location, depth and width of
the water body. However, temperature is important because of its influence on the water chemistry.
The rate of chemical reactions generally increases at higher temperature, which in turn affects the
biological activity. The pH of pure water at 25° Celsius is 7.00. Surface waters not influenced by
pollution generally have a pH in the range of 6.5 to 8.5. The pH of water determines the solubility and
biological availability of chemical constituents such as nutrients (phosphorus, nitrogen, carbon) and
heavy metals. The dissolved oxygen in water is expressed in mg/l and as a percent saturation. Other
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associated measurements include the biochemical oxygen demand, chemical oxygen demand and
oxidation/reduction potential. Dissolved oxygen concentrations around 2-3 mg/1 or less pose a threat to
aquatic life. Turbidity is a measurement of the fine suspended matter in water. The turbidity is
measured in units that measure the light-scattering and absorbing properties of the suspended matter
(Hem, 1986). The Oklahoma Water Quality Standard for turbidity is 50 Nephelometric Turbidity
Units (NTU) for streams and 25 NTU for lakes, and both only apply to base flow conditions.

The specific conductance (conductivity) of surface water or its ability to conduct an electrical current
is dependent upon the concentration of cations (e.g., hydrogen, sodium, calcium, magnesium) and
anions (e.g., hydroxide, chloride, sulfate, bicarbonate, carbonate, phosphate) in solution. Natural
waters have specific conductances that are much less than one mmho/cm (mS/cm) so the values are
expressed in umho/cm (uS/cm). The measurement of total dissolved solids is a measure of the ions
plus the dissolved solids (e.g., inorganic acids, bases and salts). The United States Geological Survey
(USGS) classifies fresh water as having 500 mg/1 or less of total dissolved solids which is also the
preferable concentrations for domestic use and many industrial processes (Hem, 1986).

The occurrence of ions in surface waters also predicates the degree of salinity which is usually
measured as sodium chloride. Chloride (anion) occurs in all natural waters but typically is low.
Chloride concentrations of 10 mg/l are commonly found in natural waters in humid regions. The
USEPA secondary drinking water standard for chloride is 250 mg/1 as a comparative number. Another
anion (sulfate) is found in natural waters as oxidized sulfides, sulfites and thiosulfates or in organic
matter. It also can occur as industrial pollution (detergents, tanneries). The USEPA secondary drinking
water standard for sulfate is 250 mg/l (Hem, 1986).

Alkalinity is almost entirely a measurement of bicarbonate and carbonate anions expressed as an
equivalent amount of calcium carbonate. It has the capacity to neutralize acid or maintain the pH at a
certain level. Alkalinity values ranging from 5 to 125 mg/1 are expected to be found in surface waters.
Hardness is also expressed as an equivalent of calcium carbonate, but is a measurement of calcium and
magnesium cations in the water. Concentrations from 0 to 50 mg/1 are considered soft, 50 to 150 mg/1
are moderately hard, 150 to 300 mg/1 are hard, and above 330 mg/l are very hard. The degree of
hardness can adversely impact industry processes and build up deposits in piping (Hem, 1986).

The chemical and biological processes that transfer nitrogen to form the lithosphere, atmosphere,
hydrosphere and biosphere are referred to as the nitrogen cycle. Nitrogen is an essential nutrient for
plant growth. Man’s influence on the nitrogen cycle includes the production of synthetic fertilizers
such as ammonia and other nitrogen compounds. It can be measured as total nitrogen, Kjeldahl
nitrogen, nitrate, nitrite, or ammonia. Excessive concentrations of nitrate in drinking water, greater
than 10 mg/l, can cause health problems especially in small children (Hem, 1986).

Phosphorous in its elemental form is insoluble in water and soils. It is found in detergents, animal
waste, sewage and commercial fertilizers. In its anionic form, it is called phosphate and in water
occurs as orthophosphate, polyphosphate and organically bound phosphate. Total phosphate is a
measurement of all three forms. Orthophosphate is the most likely to occur in natural water (Hem,
1986). When phosphates are present in the water they are capable of supporting excessive growth and
high densities of plants and algae. The state of Oklahoma has a numerical criteria limit value for
phosphates of 0.037 mg/1 for scenic rivers.



Trace metals and/or heavy metals in surface water occur naturally and have anthropogenic sources.
Anthropogenic sources can include agricultural runoff, industrial operations, electroplating, leachate
from landfills, chemicals, galvanizing operations and others. As a minor constituent in surface water,
concentrations for arsenic, cadmium, lead, nickel, and zinc range from 0.0001 to 0.1 mg/1 or parts per
million. Also as minor constituents in surface water, other concentration values and ranges are;
mercury (0.5 ug/l in 32% of surface waters sampled), thallium (1.0 ug/l), silver (0.1 to 4 ug/l),
selenium (less than 10 ug/l), copper (less than 20 ug/l), and chromium (1 to 100 ug/l) (Hem, 1986). A
microgram per liter (ug/l) equivalent expression is parts per billion.

The biological characteristics include fecal coliform, Escherichia coli (E. coli) and Enterococci. All
three forms are bacteria and are present in the intestine and/or feces of warm-blooded animals. Fecal
coliform generally do not pose a danger to people or animals but they indicate the potential presence
of other disease-causing bacteria, such as those that cause typhoid, dysentery, hepatitis A, and cholera.
Unlike fecal coliform, disease-causing bacteria generally do not survive long enough in the water or
outside the body of animals to be detected. This makes their direct monitoring difficult. So, scientists
and public health officials consider the presence of fecal coliform as an indicator that disease causing
bacteria may be present in the water. The presence of fecal coliform, E. coli and Enterococci bacteria
in water can be an indication of recent sewage or animal waste contamination and in general terms
only are limited to 200 colonies/100ml, 126 colonies/100 ml and 33 colonies /100 ml, respectively for
recreational use (OWRB, 2004).

Arkansas River

The headwaters of the Arkansas River begin near Leadville, central Colorado. The river flows 1,450
miles across Colorado, Kansas, north-central Oklahoma, east-central Oklahoma and through Arkansas
before it reaches the confluence with the Mississippi River. It is the fourth longest river in the United
States. With a drainage basin of nearly 195,000 square miles, the Arkansas River is the largest
tributary of the Mississippi-Missouri River System. It enters Oklahoma near Arkansas City on the
Kansas border above Kaw Lake (Kay County, Oklahoma), then flows generally southeast through
Tulsa and Muskogee before turning east and flowing across the Arkansas State Line into Fort Smith.
In Oklahoma, the Arkansas River is fed by the Salt Fork, Black Bear, Cimarron, Illinois, Verdigris and
Canadian Rivers along with several other smaller rivers, creeks and streams. Numerous dams
including the Keystone Dam west of Tulsa have created very large lakes on the Arkansas River
(McCord, 2007).

The natural water quality of the Arkansas River has caused it to be largely abandoned as a source of
municipal/industrial and public water supply. In general, the water quality is greatly influenced by the
mineral and salt concentrations of tributaries draining into it from across western Oklahoma. These
rivers include the Salt Fork, Black Bear, Cimarron and Canadian. Above Keystone Dam (beginning of
the study area) is the tributary inflow from the Salt Fork, Black Bear and Cimarron Rivers. The
mineral and salt concentrations from these rivers greatly influence the Arkansas River’s natural water
quality throughout the 42-mile study area and to the confluence of the Verdigris, Neosho, Illinois and
Arkansas Rivers some 30 miles below the study area. These eastern Oklahoma Rivers are
significantly less mineralized and provide a large volume of water to dilute the mineralized (total
dissolved solids) concentrations transported by the Arkansas River. It is not until the tributary inflow
of the Canadian River another 30 miles further downstream of the eastern Oklahoma rivers’
confluence that the dissolved solids concentrations increase again because of the western Oklahoma
tributary influence.



Climate

The climate of Tulsa County is temperate. The normal annual temperature is 60.3 degrees Fahrenheit
(F). The average annual maximum and minimum temperatures are 71° and 49° F, respectively. The
highest recorded temperature was 115° F and the lowest recorded temperature was -15° F. On the
average, the relative humidity ranges between 47% and 92%. The normal annual precipitation is
41.91 inches and there are approximately 83 days per year with precipitation. The majority of the
annual rainfall (64%) occurs between April and September. Thunderstorms occur predominantly in
the spring and summer for about 50 days out of the year. The prevailing winds across Tulsa County
are predominantly from the south to southeast and the wind speeds average nearly seven miles per
hour on an annual basis (Bennison, Knight, Creath, Dott, Hayes, 1972). The mean annual pan
evaporation rate for Tulsa County is between 70 and 80 inches (Watson & Burnett, 1993).

Physiography

There are two geomorphic provinces identified in Tulsa County. They are called the Eastern
Sandstone Cuesta Plain and the Claremore Cuesta Plain. The Eastern Sandstone Cuesta Plain forms
rugged hills with one steep face (cuesta) on top of broad shale plains (river floodplain) in the most
western arm of the county. The Claremore Cuesta Plain produces less pronounced and less frequent
hills, but is composed of sandstone and limestone on top of the broad shale plains. The Claremore
Cuesta Plain occurs throughout the rest of the county (Johnson, et al., 1979). These hills form the
topographic highs (elevations) while the Arkansas River itself forms the topographic lows. These
topographic highs and lows define the watersheds and drainage basin boundaries for the Arkansas
River within the study area. The relief (elevation differences) ranges from 180 to 300 feet when the
cuestas are in close proximity to the river and 20 to 60 feet when the floodplains dominate the
landscape.

Geology

Some of the hills (cuestas) that outcrop next to the river are Pennsylvanian age, rock formations. The
hills along the upper reaches of the study area are composed of the Dewey Limestone and Nellie Bly
Formation. Progressing downriver these rock formations become older and include the Coffeyville,
Checkerboard Limestone, Seminole, Holdenville, and Nowata Shale. These formations represent
ancient river and sea deposits: delta; prodelta; subtidal clastics & marine shell banks; shallow marine
banks; platform shallow marine; and marine basinal shales (Bennison, et al., 1972; Marcher &
Bingham, 1988).

Quaternary river deposits cover the younger Pennsylvanian formations on the broad floodplains when
the hills are not encountered next to the river. These river deposits predominate along the river and
study area. The younger Holocene deposits represent modern floodplain alluvium that overlie older
Pleistocoene terrace deposits. The deposits consist of unconsolidated gravels, sands, silts and clays
(Bennison, et al., 1972; Marcher & Bingham, 1988).



Soils

The Choska-Severn Association is the predominate soil along the Arkansas River within the study
area. These soils are deep, nearly level, well drained, loamy to gravelly soils overlying loamy and
sandy materials on the floodplains. There are four basic horizons with alternating colors of dark
reddish brown and yellowish red. The depth to groundwater is typically six feet. The depth to bedrock
is greater than 60 inches (Cole, Bartolina & Swafford, 1977).

Natural Vegetation

The natural vegetation of Tulsa County is dependent upon climatic factors, physiographic features,
geology (parent material) and soils. Typically there are three main types of vegetation. The rugged
hills to the west and south of Tulsa are dominated by scrub-oak woodland. The plains north and east of
Tulsa are underlain by limestone and grasslands are dominant. The floodplains along the Arkansas
River, other rivers, and the streams in the county are dominated by mixed forest of tall trees and dense
undergrowth. The three main vegetation types are generally not well defined and areas between them
are characteristically transitional (Bennison, et al., 1972).

Hydrology

Throughout Oklahoma and certainly within the study area, the Arkansas River is considered to be a
mature, late stage river. A late stage river is characterized by the formation of a broad floodplain with
large meanders, natural levees, oxbow lakes, point bars, back swamp areas and some Yazoo streams.
The river’s drainage system is identified by a characteristic dendritic pattern which is the most
common form of drainage in the world. It consists of a main river with tributaries and sub-tributaries.
It’s stream order is also classified as a large sixth to seventh stream. The dendritic drainage system
looks like a tree from an aerial viewpoint. The pattern has v-shaped junctions, similar to a leaf with its
veins representing the tributaries, and the stem representing the main channel. Rivers that flow in a
dendritic drainage system usually are on a gentle slope. The Arkansas River has characteristics of a
braided stream throughout the study area with the exception of the low-water dam area (Zinc Lake). A
braided stream is characterized by alternating flood-stage scouring and the subsequent filling of
multiple interconnecting channels within the confines of the river banks. The braids or anastomosing
channels are subject to widely fluctuating water discharge and intermittently abundant sediment

supply.

The elevation of the Arkansas River is 650 feet above sea level (ASL) at the Keystone Dam or upper
most reach of the study area and 577 feet (ASL) at the lower reach of the study area or at the
Tulsa/Wagoner County line. This relief difference produces a stream slope of approximately 1.74 feet
per mile along the 42-mile long study area.

The Arkansas River is impounded by the Keystone Dam and it dramatically influences the volume of
flow and sediment supply downstream. For the last ten years, the average, annual discharge rate at
the Tulsa gage has been 9,892 cubic feet per second (USGS, 2007). Over the past 25 years, the
Arkansas River has eroded increasing its channel storage and capacity for Base Flood Flow to 205,000
cubic feet second (C. H. Guernsey & Company, 2005). Prior to the dam completion in 1964, the
average annual sediment load passing the Tulsa, Oklahoma gage was approximately 22,100,000 tons.
There have not been any recent sediment loading studies for the Tulsa vicinity (Bennison, et al.,
1972).



Watersheds

There are five USGS, eight-digit Hydrologic Unit Codes (HUC) for the Arkansas River Basin in
Oklahoma. One of these HUC is located in the Lower Arkansas River Basin and is called the Polecat-
Snake (11110101) Watershed. The Polecat-Snake Watershed extends throughout southern Tulsa
County and northeastern Muskogee County. The Arkansas River and approximately twenty-one
tributaries make up the Polecat-Snake watershed (OK 11110101) which has a drainage area of 280
square miles.

There are four, State of Oklahoma watershed basins identified for the 42-mile study area. They include
portions of Tulsa, Creek, Muskogee, Okmulgee, Osage, Rogers and Wagoner Counties. The
Oklahoma Water Body Identification System identifies these eight-digit watersheds as OK120410-01,
OK120410-03, OK120420-01, and OK120420-02.

The Arkansas River tributaries from the upper reach to the lower reach of the study area (42-miles
long) and in sequential order, include; Brush Creek (north side of river), Little Sand Creek (north),
Sand Creek (north), Mud Creek (south side of river), Shell Creek (north), Fisher Creek (south),
Euchee Creek (north), Anderson Creek (south), Big Heart Creek (north), Berryhill Creek (south),
Harlow Creek (north), Crow Creek (north, 31%), Cherry Creek (south), Mooser Creek (south), Joe
Creek (north), Fred Creek (north), Polecat Creek (south), Posey Creek (south), Haikey Creek (north),
Snake Creek (south), and Broken Arrow Creek (north) (Figure 1A).

Demographics

Tulsa County has a total population of 563,299 people. The population density is 988 persons per
square mile(US Census Bureau, 2006). As a contrast, the state of Oklahoma has a population density
of 50 persons per square mile (University of Oklahoma Urban Design Studio [OUUDS], 2003). The
cities and towns along the Arkansas River from the upper reaches to the lower reaches of the study
area include Sand Springs, Tulsa, Jenks, Bixby and Broken Arrow and they have a total population of
518,047 persons. The specific populations are Sand Springs (17,667), Tulsa (382,457), Jenks (13,095),
Bixby (18,600) and Broken Arrow (86,228) (US Census Bureau, 2006). There are some smaller
communities along the river such as Lotsee, Wekiwa, Fisher, Bend, Prattville, Shirk, Gray, Price,
Kengle, and Garden City all of which are located within the study area and are included in the census
population.

Land Use

One method for identifying land use within the ARC study area involves measuring the percentage of
urbanized development verses non-urbanized along the north and south banks. Urbanization is
defined as developed land that is used for residential, commercial, industrial and other non-agricultural
uses with a population density typically greater than 500 persons per square mile and/or possessing
significant civic infrastructure (OUUDS, 2003). The non-urbanization would be defined as all other
land uses. In these terms, the river corridor (42-miles long by one mile wide) is approximately 62.5%
urbanized along the north and east banks verses 37.5% which is non-urbanized. And, 51% is urbanized
along the south and west banks verses 49% which is non-urbanized.



FIGURE 1A

Arkansas River Tributaries (ARC Study Area)
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Another method for identifying land use within the ARC study area is to look at the percentage of
urbanization verses agricultural development and non-urbanization along the 42-mile length and one
mile width area (slightly less than 26,880 acres). The urbanization definition is expanded to include
developed lands used for residential, commercial, industrial, transportation/communication utilities,
strip mines/quarries/gravel pits and other built-up areas. The agricultural development definition
includes cropland/pasture, and orchards/groves/vineyards/nurseries/horticultural areas. The non-
urbanized definition includes deciduous forest land, streams/canals, reservoirs, beaches, other sandy
areas, and transitional areas (C.H. Guernsey & Company, 2005). In these terms, the urbanized
development percentage is 22.9%, the agricultural development percentage is 35.6% and the non-
urbanized percentage is 41.6%. The deciduous forest lands comprise 14.5% of the total study area
acreage and 34.9% of the non-urbanized area.

Water Use

The urban/suburban, industrial and agricultural/horticulture development in Tulsa County and along
the ARC has led to anthropogenic (manmade) uses for the river and sources of discharge into the
river. Uses have included recreation (boating, fishing & hunting), industrial, utility, municipal,
agriculture/horticulture and structure building along the river.

There are significant recreational areas (parkways) located along the east bank of Tulsa from 1 1"
Street to 101" Street. Industrial areas are concentrated along the north bank of Sand Springs, the north
& west bank of Tulsa, and sporadically south of Tulsa on either bank of the river. There are five major
municipalities with significant commercial and residential areas developed along the center two-thirds
of the study area. In the southern portion of the study area (Bixby & Broken Arrow), there is
significant agriculture/horticulture development along both banks of the river. There is a major dam
(Keystone), a low-water dam (Zink Lake), and fifteen bridges spanning the Arkansas River within the
study area.

USEPA Water Quality Regulations

The Water Quality Standards (WQS) are the foundation of the Water Quality-Based Pollution Control
Program mandated by the federal Clean Water Act (CWA). The WQS define the goals for a water
body by: 1) designating its uses (e.g., recreation, water supply, aquatic life, agriculture, etc.); 2)
setting water quality criteria (e.g., numeric pollutant concentrations & narrative requirements); 3)
establishing anti-degradation policies to maintain and protect existing uses and high quality waters;

and 4) establishing general policies (e.g., low flows, variances, mixing zones, etc.) (USEPA, WQS,
2007).

The WQS regulations require the states to specify appropriate water uses to be achieved and protected.
The appropriate uses are identified by taking into consideration the use and value of the water body
for: public water supply; for protection of fish, shellfish, and wildlife; and for recreational,
agricultural, industrial, and navigational purposes. In designating the uses for a water body, states
examine the suitability of a water body for the uses based on: the physical, chemical, and biological
characteristics of the water body; its geographical setting and scenic qualities; and economic
considerations (USEPA, WQS, 2007).
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The CWA also provides the statutory basis for regulating the discharge of pollutants from point
sources into waters of the United States. The CWA gives the USEPA the authority to set effluent
limits on an industry-wide (technology-based) basis and on a water-quality basis to ensure the
protection of the receiving water. This was done through the National Pollutant Discharge Elimination
System (NPDES) Permit Program. The CWA also allows the USEPA to delegate the NPDES Permit
Program to state governments, enabling states like Oklahoma to perform many of the permitting,
administrative, and enforcement aspects for the federal program through its own permit program, the
Oklahoma Pollutant Discharge Elimination System (OPDES). The USEPA still retains oversight
responsibilities in the states that have been authorized to implement the CWA programs (USEPA,
WQSs, 2007).

The key sections of the CWA that directly relate to the NPDES Permit Program include Titles I, II, III
and IV. Title I is research and related programs and Title II is grants for construction of treatment
works. Title III is the standards and enforcement which includes effluent standards (§301), water
quality-related effluent limitations (§302), water quality standards and implementation plan (§303),
information and guidelines (§304), water quality inventory (§305), and the toxic and pretreatment
effluent standards (§307). Title IV is the permitting and licensing, specifically the NPDES (§402)
(USEPA, Permit Compliance System [PCS], 2007).

Oklahoma Water Quality Regulations

The Oklahoma WQS are set forth under statutory authority of the OWRB which is authorized under
82 O.S. § 1085.30 (OWRB, Rules, 2007). The rules adopted by the state of Oklahoma are in
accordance with the federal CWA, applicable federal regulations, and state pollution control and
administrative procedure statutes. The WQS serve a dual role: 1) they establish water quality
benchmarks; and 2) provide a basis for developing water-quality based pollution control programs
(Oklahoma Department of Environmental Quality [ODEQ], 2004).

The state’s surface waters receive broad and explicit protection through the WQS. Furthermore, the
implementation rules contain Use Support Assessment Protocols (USAP) for Oklahoma’s water
bodies and are developed in coordination with all of the state’s environmental agencies. The USAP
establish a consistent and scientific decision methodology for determining whether a water body’s
beneficial uses are being supported, and they outline the minimum data requirements for the decision
methodology (OWRB, 2004). This scientific decision methodology or USAP involves collecting and
analyzing the physical, chemical and biological characteristics of a particular water body in various
numeric criteria and narrative assessment combinations.

Created in 1998, the Beneficial Use Monitoring Program (BUMP) is a comprehensive statewide
compilation of water quality data. The BUMP main goals are to document beneficial use impairments,
identify impairment sources, detect water quality trends, provide needed information for the Oklahoma
WQS, and provide critical information for the prioritization of pollution control activities by state and
local entities. The current recognized beneficial uses for some or all of the waters in Oklahoma include
public and private water supply, fish and wildlife propagation, agriculture, hydropower, municipal and
industrial process and cooling water, primary body contact recreation (such as swimming), secondary
body contact recreation (such as boating or fishing), navigation, and aesthetics. (OWRB, 2004). The
Arkansas River within the 42-mile study area does have identified beneficial use impairments.
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The ODEQ also has statutory authority under Title 27A O.S., § 2.6.101 et. seq. for water quality in the
state. The state statutes allow the ODEQ to: issue permits; conduct water quality assessments, listings,
and reports; manage point source and non-point sources of pollution; establish Total Maximum Daily
Load (TMDL) restrictions and modeling for streams; conduct toxicity & biomonitoring; and
implement a water quality management plan (208 Plan).

The ODEQ issues municipal point source discharge permits (OKG58), municipal stormwater MS4
permits (Tulsa), small municipal stormwater MS4 permits (Sand Springs, Jenks, Bixby, Broken
Arrow), industry specific point source discharge permits, industrial stormwater permits (multi-sector
general permit, OKRO0S, MSGP), and construction stormwater discharge permits (OKR10).

The CWA 303(d) regulations require states to develop lists of water bodies that do not meet the water
quality standards and submit an updated list to the USEPA every two years. For water bodies on the
303(d) list, the CWA requires that a pollutant load reduction plan or TMDL be developed to correct
each impairment. TMDLs must document the nature of the water quality impairment, determine the
maximum amount of a pollutant which can be discharged and still meet the standard requirements, and
identify allowable loads from the contributing sources (ODEQ, 2004). Currently, there are no TMDL
requirements for the Arkansas River within the 42-mile study area.

The CWA 305(b) regulations require a state to develop an inventory of the water quality of all state
water bodies and submit an updated report to the USEPA every two years. The 305(b) report includes:
1) analysis and compliance of the water bodies ““fishable/swimmable™ goal; 2) analysis and
elimination process of pollutant discharges and the water quality related to the “fishable/swimmable”
goal; 3) the environmental impact; 4) economic and social cost/benefit analysis; 5) and the estimated
date of such achievement. It also entails a description of the nature and extent of non-point sources of
pollutants, recommendations of programs needed to control them, and an estimate of the costs of
implementing such programs (ODEQ, 2004). The ODEQ now consolidates both the 303(d) and
305(b) biannual reports into a single document, the Oklahoma Water Quality Integrated Report.

Water Quality Reports & Data

Most of the available water quality data for Oklahoma has been generated by local, county, regional,
state and federal agencies. These agencies have included the City of Tulsa, Tulsa County Health
Department, Oklahoma Conservation Commission, ODEQ, Department of Agriculture Food and
Forestry, OWRB, USACE, USGS and INCOG.

There are older water quality data reports and studies that have been conducted for the Arkansas River
in general, near the study area, and within the study area. There are also former and existing USGS
and USACE gauging stations that have water quality data for the Arkansas River in or near the
identified study area. While some of these studies and gauging stations do provide data with some
insight on the water quality of the Arkansas River, they are either too general in nature, temporally
(time) non-relevant or spatially (distance) non-relevant for the goals of this report. The general,
temporal and spatial non-relevant studies and data included, but were not limited to:

e Dover, T.B. (1957). Water Quality- A Factor in Arkansas River Development. USGS.
Presented before the Tulsa Chamber of Commerce, July 22, 1957.
e Cox, W.R., Wright, M. D., & Woodruff, G. D. (1981). The Importance of Intense Trend

Bacteriological Monitoring for Evaluating a Recreational Water Quality Enhancement
Program. Water Quality Control Section, Office of Planning & Research, Tulsa City-

County Health Department. Oklahoma Academy Science, Volume 61: 58-61.
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e USACE. (2001). ‘Water Quality Report: Keystone Lake Oklahoma 1996. Southwestern
Division, Tulsa District.

e USGS. (2005). Water Resources Data, Oklahoma Water Year 2005. Volume 1. Arkansas River
Basin. Water-Data Report OK-05-1.
e USGS. (1978). Water Type And Suitability of Oklahoma Surface Waters For Public Supply

And Irrigation, Part 1: Arkansas River Mainstem and Verdigris, Neosho, and Illinois
River Basins Through 1978. Water-Resources Investigations 81-83.

Two reports that begin to relate to the ARC study area in terms of specific, temporal and spatial terms
include a five year period from 1976-1980, and a twelve year period from 1989-2000. While they are
relevant to the study area they do not represent the most recent data. However, for the purposes of this
report, they were used to support the most recent data and water quality trends within the study area.
The Zink Lake Water Quality Assessment is referenced in Appendix A and the Arkansas River Water
Quality Reports are included as part of Appendix D. The two reports are:

e Tulsa County Health Department. (1989-2000). Arkansas River Water Quality Reports.
o  Woodruff, Gary D. (1983). Zink Lake Water Quality Assessment. Office of Planning and
Research and Water Quality Section. Tulsa City-County Health Department.

The more recent reports and data which were used to establish the water quality baseline for the study
area reflect a seven year period from 2000-2006. The reports are:

e City of Tulsa, Department of Public Works. (2005). 1992-2004 Stream Monitoring Sampling
Plan and Data. Tulsa, Oklahoma.

e City of Tulsa, Department of Public Works. (2006). 2005/06 Stream Monitoring Sampling
Plan and Data. Tulsa, Oklahoma.

e INCOG, Arkansas River Heavy Metals Study. (November 2001).

e Oklahoma Water Resources Board. (2004). Beneficial Use Monitoring Program (BUMP)
Streams Report. State of Oklahoma.

e Oklahoma Water Resources Board. (2008). 2006 Validated Water Quality Data for Arkansas
River; Stations 120410010080-001AT. 120420010010-001AT & 120420010130-001AT.

e USEPA. (2007, May 17). Permit Compliance System (PCS). Water Discharge Permits.
http://www.epa.gov/enviro/html/pcs/index.html

Water Quality Data Monitoring Stations

There are three fixed, OWRB, BUMP monitoring stations that are used to characterize the beneficial
use impairments for the Arkansas River (Polecat-Snake Watershed, Hydrologic Unit Code [HUC]
11110101) and the 42-mile study area (Figure 2). These monitoring stations are used to collect the
physical, biological and chemical data. The first two locations are in Tulsa County near Sand Springs
(S.H. 97 Bridge) and Bixby (S.H. 64 Bridge). A third station is in northeastern Muskogee County east
of Haskell (S.H. 104 Bridge). The USAP and the CWA 305 (b) guidelines limit the spatial coverage of
a BUMP monitoring station(s) to 25 stream miles on a non-wadable stream like the Arkansas River. In
addition, the spatial coverage for a monitoring station(s) cannot extend outside the eight-digit HUC
watershed unless it is determined reasonable to do so.
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The Sand Springs BUMP station is representative of the Arkansas River from Keystone Reservoir
(36.1504, -96.2528) downstream west of Tulsa (36.1392, -96.0569). Within this segment the water
enters the river system from Keystone Lake and from several tributaries including; Shell Creek,
Fisher Creek, Euchee Creek, Anderson Creek, Big Heart Creek, and Berryhill Creek. The Bixby
BUMP station is representative of the Arkansas River from west of Tulsa (36.1392, -96.0569)
downstream to the confluence of the Arkansas River and Snake Creek (35.9305, -95.8344). Within
this segment tributary waters enter the river system from Harlow Creek, Crow Creek, Cherry Creek,
Mooser Creek, Joe Creek, Fred Creek, Polecat Creek, Posey Creek, Haikey Creek, and Snake Creek.
The Haskell BUMP station is representative of the Arkansas River from the confluence of Snake
Creek (35.9305, -95.8344) downstream to the confluence of the Arkansas River and Pecan Creek
(35.7990, -95.4348). Within this segment the tributary water entering the river system is from
Broken Arrow Creek.

There are five City of Tulsa surface water monitoring stations on the Arkansas River and within the
42-mile study area. In downstream order, they are AR-1, 11™ Street Bridge at Tulsa (36.1434, -
96.9870), AR-3, I-44 Bridge at Tulsa (36.0968, -95.9854), AR-4, 68" & Riverside at Tulsa (36.0640, -
95.9796), AR-6, Highway 64 Bridge at Bixby (35.9587, -95.8869), and AR-8, Indian Springs Sports
Complex at Broken Arrow (35.9620, -95.8080) (Figure 2). These monitoring stations are used to
collect the physical, biological and chemical data throughout the year to meet, support and supplement
the ODEQ Permit reporting requirements. These permits include the City of Tulsa’s Municipal Point
Source Discharges (OKG58) and Municipal Separate Storm Sewer System Discharges (MS4).

There are four USGS surface water stations for the Arkansas River (Polecat-Snake Watershed, HUC
11110101). In downstream order, they are the Arkansas River at Tulsa (36.1406, -96.0061), Joe Creek
at 61 Street at Tulsa (36.0756, -95.9603), Haikey Creek at 101stst Street South at Tulsa (36.0170, -
95.8486), and Little Haikey Creek at 101* Street at Tulsa (36.0175, -95.8606). These stations measure
the stage height of the river. Since the BUMP stations measure discharge (flow) and temperature at all
of their locations, the USGS stations were identified for the purposes of this report, but will not be
used in the evaluation of the water quality. In addition, all of the BUMP stations are located on the
Arkansas River itself and not on tributaries that feed into the river.

Water Quality Data (OWRB) & Conclusions

The CWA 305(b) and USAP limit the spatial coverage of the state’s BUMP monitoring locations to
25 stream miles on non-wadable streams. In addition, the spatial coverage for the monitoring
locations cannot extend outside the eight-digit HUC watershed unless it is determined reasonable to do
so. The USAP establishes two temporal coverage limitations. First, the collected data cannot be
biased towards critical-flow, base-flow or high-flow conditions. Second, stream data that is more than
five years old cannot be used to assess support unless no other data exists or a scientifically defensible
reason can be used to justify using the older data. The 2004 BUMP Report uses data collected during
all of the seasons and does not use data collected before November of 1998 (OWRB, 2004).

The minimum number of samples required to assess the use support for all general water quality
variables is ten (10). The BUMP program collects at least ten samples per year on all general water
quality parameters with the exception of bacteria, organics and metals. Toxicants (metals and
organics) require a minimum of five (5) samples to determine use support, however, less than five (5)
samples can be used to determine if a use is partially supported or not supported. The metals are
sampled on an as needed basis. Typically, the samples collected from a monitoring station for the

14



FIGURE 2

Oklahoma Water Resources Board & City of Tulsa Monitoring Stations
Tulsa County, Oklahoma

Monitoring Stations
/\ City of Tulsa
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beneficial use determinations are averaged over one year which produce geometric mean values.
These values are in turn compared to a screening level value, long-term averaging values, and/or
average sample standards for all of the monitoring stations in a specific watershed. The percentage of
exceedences determines the beneficial use status. For many USAP determinations, the prescribed
percent exceedences are: 1) less than or equal to ten percent are supporting; 2) greater than ten
percent (10%), but less than twenty-five percent (25%) are partially supporting; 3) and greater than or
equal to twenty-five percent (25%) are not supporting (OWRB, 2004). There are different
determination criteria depending on the specific USAP as identified in the Oklahoma Administrative
Code (OAC), Title 785, Chapter 46.

The following table (Table 1) identifies the numerical criteria used by the OWRB’s USAP for
determining whether or not a particular beneficial use is supported, partially supported, not supported
or threatened. Most of the values in Table 1 that are used in USAP determinations come from OAC
785:45, Appendix G, Table 2. The OAC 785:46-15 specifies how these values should be used for
making beneficial use attainment determinations under USAP. The USAP has a number of parameter
or parameter category (e.g., metals) determination methods specific to certain beneficial use types.
The USAP also has “default protocols” that allow beneficial use determinations to be made for those
methods not specified in Chapter 46-15. For example, the beneficial use determinations can be based
on the percentage of samples exceeding an average sample standard or geometric mean or a certain
percent of samples in a data set that exceed the numerical criterion in Chapter 45, Appendix G, Table
2. Certain heavy metals criteria in Chapter 45, Appendix G, Table 2 utilize hardness-dependent
equations to determine the numerical criteria for those metals that are hardness dependent. However,
the average sample standards, geometric means and mg/1 concentrations identified in Table 1 do
provide invaluable information in a simplified format for the baseline comparison. Table 1 also
includes typical stream water quality mean and range values and the USEPA Water Quality Standard
values for comparative purposes only (OWRB, 2008).

The OWRB 2006 water quality data identified in Tables 2, 3 & 4 are tabulated as yearly mean and
range of values for the physical, chemical and biological water constituents and measurements
collected within the ARC (Appendix B). This water quality data represent the most recent, full year of
validated data. It is intended to augment the City of Tulsa’s water quality data (Tables 5, 6, 7, 8 & 9)
which provide full year data for years 2000, 2001, 2002, 2003, 2004 and 2005. Thus, seven years of
recent data have been provided to establish a baseline for the water quality within the ARC. For
comparative purposes, both the OWRB and City of Tulsa have similar physical, chemical and
biological constituents or parameters presented in these tables. Some of the City of Tulsa’s sampling
locations may not be entirely representative of the entire cross-channel water column. For example,
the AR-1 and AR-4 locations are sampled as single points in the water column from the middle of the
bridge and AR-3, AR-6 and AR-8 are collected from a stream bank. However, low flows in the
Arkansas River create pooling and braided stream conditions across a transect (bank to bank).

The Sand Springs monitoring station has been active for all of the water quality variables since
September of 1999. The following assessment of beneficial uses is based on data collected from
October of 1999 through October of 2004. The following designated beneficial uses for this segment
are: 1) Emergency Water Supply; 2) Fish and Wildlife Propagation, Warm Water Aquatic
Community; 3) Agriculture—Class I Irrigation; 4) Secondary Body Contact— Recreation; 5) and
Aesthetic. All of the listed beneficial uses are supported and/or not threatened based upon the most
recent USEPA approved 303(d) list (2006). The Aesthetic beneficial use is not threatened. The Public
& Private Water Supply does not apply to this water body segment. And, this segment of the river is
not nutrient-threatened (OWRB, 2004).
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The Sand Springs monitoring station and the 1999 through 2004 data indicate the Warm Water Aquatic
Community beneficial use is supported because the dissolved oxygen, pH, turbidity and toxicant
samples met the criteria prescribed for this beneficial use. The Agriculture beneficial use is supported
for total dissolved solids, chlorides, and sulfates even though twelve percent (12%) of the sulfate
concentrations exceeded the sample standard of 178.0 mg/1. The sulfate concentration values are also
below the prescribed minimum standard of 250 mg/l. The Primary Body Contact—Recreation beneficial
use is supported for fecal coliform, Enterococci and E. coli concentrations. This particular segment of
the Arkansas River is not nutrient-threatened because the total phosphorus and nitrate/nitrite median
values were below the threshold medians of 0.36 mg/l and 5.0 mg/l, respectively (OWRB, 2004).

The Sand Springs monitoring station and the 2006 data values (Table 2) are trending very similar to the
1999 through 2004 data. This suggests this segment of the river will have similar results for its
beneficial use determinations. In addition, the physical and chemical mean and range values generally
reflect typical conditions found in other streams in the United States (Hem, 1986).

The Bixby monitoring station has been active for all water quality variables since November of 1993.
The following assessment of beneficial uses is based on data collected from October of 1999 through
October of 2004. The following designated beneficial uses for this segment are: 1) Emergency Water
Supply; 2) Fish & Wildlife Propagation, Warm Water Aquatic Community; 3) Agriculture—Class I
Irrigation; 4) Secondary Body Contact—Recreation; 5) and Aesthetic. All of the listed beneficial uses
are supported with one exception. The exception is the Secondary Body Contact—Recreation beneficial
use which is not supported because the fecal coliform and Enterococci concentrations exceeded the
USAP thresholds. The Aesthetic beneficial use is not threatened. The Public & Private Water Supply

does not apply to this water body segment. And, this segment of the river is not nutrient-threatened
(OWRB, 2004).

The Bixby monitoring station and the 1999 through 2004 data indicate the Warm Water Aquatic
Community beneficial use is supported because the dissolved oxygen, pH, turbidity, and toxicant
samples met the criteria prescribed for this beneficial use. The Agriculture beneficial use is supported
for total dissolved solids, chlorides, and sulfates even though eleven percent (11%) of the sulfate
concentrations exceeded the sample standard of 178.0 mg/l. The sulfate concentration values are also
below the prescribed minimum standard of 250 mg/l. The Primary Body Contact—Recreation
beneficial use is not supported. Of the seventeen (17) fecal coliform concentrations, seven (7) samples
or forty-one percent (41%) exceeded the prescribed screening level of 400 cfu/ml, and the geometric
mean of 884.8 cfu/ml exceeded the prescribed mean standard of 400 cfu/ml. Of the seventeen (17) E.
coli concentrations, three (3) samples exceeded the prescribed screening level of 406 cfu/ml, and the
geometric mean of 141.8 cfu/ml exceeded the prescribed mean standard of 126 cfu/ml. Finally, of the
seventeen (17) Enterococci concentrations, three (3) samples exceeded the prescribed screening level of
406 cfu/ml, and the geometric mean of 415 cfu/ml exceeded the prescribed mean standard of 33 cfu/ml.
This particular segment of the Arkansas River is not nutrient-threatened because the total phosphorus
and nitrate/nitrite median values were below the threshold medians of 0.36 mg/1 and 5.0 mg/1,
respectively (OWRB, 2004).
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The Bixby monitoring station and the 2006 data values (Table 3) are trending very similar to the 1999
through 2004 water quality data suggesting this segment of the river will have similar results for its
beneficial use determinations. This would include the biological mean and range values which currently
will not support the Primary Body Contact—Recreation beneficial use for this segment of the river. The
physical and chemical mean and range values generally reflect typical conditions found in other streams
in the United States (Hem, 1986).

The Haskell monitoring station has been active for all water quality variables since November of 1998.
The following assessment of beneficial uses is based on data collected from October of 1999 through
September of 2004. The following designated beneficial uses for this segment are: 1) Emergency Water
Supply; 2) Fish & Wildlife Propagation, Warm Water Aquatic Community; 3) Agriculture—Class I
Irrigation; 4) Secondary Body Contact—Recreation; 5) and Aesthetic. The Fish & Wildlife
Propagation, Warm Water Aquatic Community beneficial use is supported. The Agriculture—Class I
Irrigation beneficial use is partially supported. The Secondary Body Contact—Recreation beneficial use
is not supported. The Aesthetic beneficial use is not threatened. The Public & Private Water Supply
does not apply to this water body segment. And, this segment of the river is not nutrient-threatened
(OWRB, 2004).

The Haskell monitoring station and the 1999 through 2004 data indicate the Warm Water Aquatic
Community beneficial use is supported because the dissolved oxygen, pH, turbidity, and toxicant
samples met the criteria prescribed for this beneficial use. The Agriculture beneficial use is partially
supported. Of the forty-five (45) total dissolved solids concentrations, nine (9) of the samples or twenty
percent (20%) exceeded the minimum sample standard of 1,782 mg/1. The chlorides and sulfates are
within the prescribed sample standards and yearly means. The Primary Body Contact—Recreation
beneficial use is not supported. Of the twenty-two (22) Enterococci concentrations, one (1) sample
exceeded the prescribed screening level of 406 cfu/100 ml, and the geometric mean of 36.0 cfu/ 100 ml.
This particular segment of the Arkansas River is not nutrient-threatened because the total phosphorus
and nitrate/nitrite median values were below the threshold medians of 0.36 mg/l and 5.0 mg/l,
respectively (OWRB, 2004).

The Haskell monitoring station and the 2006 data values (Table 4) are trending very similar to the 1999
through 2004 water quality data suggesting this segment of the river will have similar results for its
beneficial use determinations. This would include the biological mean and range values which currently
will not support the Primary Body Contact—Recreation beneficial use for this segment of the river.

The physical and chemical mean and range values generally reflect typical conditions found in other
streams in the United States (Hem, 1986).
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Water Quality Data (City of Tulsa) & Conclusions

The water quality data provided in Tables 5, 6, 7, 8 & 9 are the City of Tulsa’s 2000-05 water quality
data which are used to supplement their Stormwater Management Plan requirements (Appendix C).
Also, they are used in accordance with the ODEQ 252: 605-7-31(e) regulations to support the City’s
NPDES/OPDES Waste Water Treatment Plant Permits. The City of Tulsa’s water quality data are used
because: 1) there were five additional monitoring stations within the study area to obtain information; 2)
four of the five City of Tulsa monitoring stations represent different sampling points in the study area; 3)
water quality data are available for multiple years and is current; 4) and the City of Tulsa’s water quality
data are similar to the constituents sampled by the OWRB. The City’s water quality data comes from
five monitoring stations (Figure 2) and involves six years of monitoring data, 2000, 2001, 2002, 2003,
2004 and 2005. Some of the City of Tulsa’s sampling locations may not be entirely representative of the
entire cross-channel water column. For example, the AR-1 and AR-4 locations are sampled as single
points in the water column from the middle of the bridge and AR-3, AR-6 and AR-8 are collected from a
stream bank. However, low flows in the Arkansas River create pooling and braided stream conditions
across a transect (bank to bank). A geometric mean is calculated for each of the monitoring stations and
the water year’s physical, chemical and biological constituents. The geometric mean is calculated to
allow for a comparative analysis to the OWRB’s 2006 water quality data. The most comprehensive data
are represented by monitoring station AR-1 (1 1" St. Bridge, Tulsa) and monitoring station AR-6 (U.S.
Highway 64 Bridge, Bixby).

All of the monitoring station’s physical and chemical constituents sampled over the six year period
reflect water quality typical of that found in other streams in the United States. It should be noted that
the water is generally found to be hard because the hardness concentrations, as mg/l calcium carbonate,
are between 250 and 330 mg/l. The majority of the physical, chemical and biological constituents
supports the OWRB’s 2004 BUMP Report findings for the particular beneficial use and also supports
the OWRB’s 2006 data identified in Tables 2, 3 & 4. This would include the Warm Water Aquatic
Community, Primary Body Contact—Recreation, and Nutrient-Threatened beneficial use
determinations.

The fecal coliform, geometric mean concentration values for all five of the monitoring stations and most
of the monitoring years reflect concentrations that would make them not-supported for the OWRB
Primary Body Contact—Recreation beneficial use. The City of Tulsa fecal coliform values are similar
to the OWRB monitoring station fecal coliform results in that higher concentrations are occurring
downstream from Tulsa’s central business district through south Tulsa. The OWRB’s Sand Springs
monitoring station is located at the State Highway 97 Bridge and the segment it represents is from the
Keystone Dam to just west of downtown Tulsa. This segment of the river does support the Primary
Body Contact—Recreation Beneficial Use. However, the City of Tulsa’s monitoring stations begin at
AR-1 (11" St. Bridge, Tulsa) and are all located downstream as are the two remaining OWRB
monitoring stations. Thus, the City of Tulsa and the two other OWRB monitoring stations reflect
relatively high levels for fecal coliform.

Only four of the five City of Tulsa monitoring stations included metals analysis. Most of the metals
analysis from these four monitoring stations (AR-1, AR-3, AR-6 & AR-8) reflect concentrations that
meet the OWRB requirements with the exception of arsenic, mercury and selenium. At AR-1 (1 1™ St.
Bridge, Tulsa), arsenic concentrations were approximately 1.5 times the OWRB criteria limit of 0.04
mg/l in 2000 and 2001(Table 5). At AR-3 (East Bank, Near I-44 Bridge, Tulsa), arsenic
concentrations were slightly above the OWRB criteria limit in years 2000 and at the criteria limit in
2001 (Table 6). At AR-6 (North Bank, Under U.S. Highway 64 Bridge, Bixby), the arsenic
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concentration in 2001 was at the OWRB criteria limit (Table 8). In 2002, the mercury concentration of
0.0041 mg/1 was twice the OWRB criteria limit of 0.002 mg/l. In 2001, the selenium concentration
was approximately twice the OWRB criteria limit of 0.01 mg/1 (Table 8). At AR-8 (North Bank Indian
Springs Sports Complex, Broken Arrow), the arsenic concentrations were 1.5 times the OWRB criteria
limit of 0.04 mg/1 in 2000 and slightly over the limit in 2001.

Water Quality (Tulsa City—County Health Department) & Conclusions

The Tulsa County Health Department conducted water quality assessments from 1976-1980
(Woodruff, 1983) and 1989-2000 (Tulsa County Health Department, 1989-2000). The monitoring
locations were the 11" Street Bridge (middle of bridge), 21%* Street Bridge (middle of bridge) and
Pedestrian Bridge (middle of bridge), and at the 11" Street Storm Drain, Indian Avenue Sanitary Drain,
21° Street Storm Drain and 26" Street Sanitary Drain. The monitoring included the collection of
physical and chemical parameters 1976-1980 and 1991-95 (Appendix D, Table 1 & Reports). The
monitoring also included the collection of biological parameters 1976-1980 and 1989-2000 (Appendix
D, Tables 2 & 3 & Water Quality Reports). For comparison, the monitoring would include all of the
Tulsa County Health Department locations, the City of Tulsa’s 1 1" Street location and the OWRB’s
Bixby location. As a caveat, the Bixby location represents water quality to the confluence of Cherry
Creek, just upstream of the of the 51Street bridge in Tulsa.

There are similarities or trends when the earlier Tulsa County Health Department data are compared to
the more recent OWRB and City of Tulsa data. In general, the physical parameter monitoring was
similar to the OWRB and City of Tulsa data with little difference. Again, the physical mean and range
values reflect typical conditions found in other streams in the United States (Hem, 1986).

The chemical (heavy metal) parameters, specifically cadmium, chromium, lead and mercury showed a
decrease in concentration from the earlier data to the more recent data. The decreases ranged from two
to four times lower for cadmium, four to eight times lower for chromium, four to 10 times lower for
lead, and one order of magnitude lower for mercury. The other chemical parameters were similar to the
OWRB and City of Tulsa data with little to no variation. The chemical mean and range values reflect
typical conditions found in other streams in the United States (Hem, 1986).

The Tulsa County Health Department biological parameters (fecal coliform) were sampled in-stream at
the bridges or from the direct measurement of the discharge from each of the storm drains. These
results, data years (1991-1996), continue to confirm the OWRB and City of Tulsa sampling results. The
direct effluent concentrations for fecal coliform ranged from 10,000 c¢fu/100 ml to 1,100,000 cfu/100 ml
at the storm drains. (Appendix D, Tables 2 & 3 & Water Quality Reports).

Water Quality (NPDES Permitted Industrial Facilities) & Conclusions

There are 38 issued NPDES/OPDES permits throughout the 42-mile study area (Appendix E). Of the 38
issued permits, there are 28 active discharge points for 25 different facilities (Figure 3). There are six
(6) wastewater treatment plants, three (3) public electricity generation utilities, nine (9) sand & gravel
operations or concrete batch operations, two (2) petroleum refineries, one (1) petroleum pipeline, one (1)
paper product manufacturer, and three (3) chemical product manufacturers or processors. These
facilities are permitted by the ODEQ under the OPDES permit program. Permits are issued under the
Industrial (specific) Point Source Discharge categories and the Storm Water Discharge (OKROS) if
applicable (USEPA, PCS, 2007).
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The most common, measured constituents for the permitted facilities are flow (MGD), pH, biochemical
oxygen demand (BOD), total suspended solids (TSS) and oil and grease. The least measured
constituents are chemical oxygen demand (COD), total dissolved solids (TDS), total chloride, total
chlorine residual, total fluoride, total sulfate, total sulfide, total antimony, total tin, total mercury, total
hexavalent chromium, total chromium, total ammonia, fecal coliform and total phenolics (Table 10).
Some of these constituents have USEPA specified effluent limits, and others have no applicable water
quality standards (USEPA, NPDES, 2007).

The effluent limits for each type of industry have established numeric criteria and narrative (qualitative)
standards. The effluent limits are established to meet the water quality standards of the state and not
degrade (antidegradation policy) the water quality. In addition, the effluent limits and other requirements
are specific to the type of industry. If a particular stream/river’s water quality is threatened by an
industrial facility’s discharge a limit is set on the concentration and amount of discharge. This is known
as a water quality based wasteload allocation which can be set by either a wasteload allocation study or
TMDL study. Currently there are no TMDLs established within the Arkansas River along the 42-mile
study area (USEPA, NPDES, 2007). However, INCOG and the ODEQ have a draft bacteria TMDL for
most of the study area that should received EPA approval in 2009.

In general, the physical, chemical and biological constituents identified in Table 10 fall within the
typical stream characteristics of other streams in the United States, meet the Oklahoma WQS criteria.
There are no USEPA Primary and/or Secondary Water Quality Standards established for the
biochemical oxygen demand, chemical oxygen demand, total suspended solids, total organic carbon,
phenolics and/or oil and grease.
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FIGURE 3

NPDES/OPDES Facility Discharges s

Tulsa County, Oklahoma

JUNE 2007

MAP LEGEND

Permitted Facilitie

Type of Facility

Chemical Processing

Municipal Waste Authority

Paper Products

Petroleum Refineries & Pipeline
Public Utilities (Electric Generation)

Sand, Gravel & Concrete Operations




€00

(31qe.19A029Y) SIN[OUIYJ [€I0L,

, —TE00
7S 1SE—T1 '8 - - - - - wxojo)) [Baag
) = = : . o s . (N) sv
i 10880 ) CIUOWIIUY [€)0
e - - — F10°0 - . o 210
— 100 umnuory? g0 ],
| i - loﬂv%o - - WNIWOY) JUS[BABXIE] [BIOL
1000°0 - - — --- - .,m.:z._mz 810,
ssul[eg 9 | seueg € | SANERY T | SelM[ldEg € | SAIM[E] € Appovg 1
(e1eQ LOOT P 9007 UQ PIseg SIN[BA Uvdy ANy [enplaipuy)
uonedyIsse[) AN[e] qavy 104 sanjeA Jo aguey ( Sw)
v ado ¥ |/su
sjue|d (romog suone.RdQp aurpdig INANLLLSNOD
JRUWIBALL, | [BILIII[T) )10y » Suissaroag spnpo.rg :
I2JBMIISEAL | SOLM[U) » soLIUYYY | [eIMUAY)) ndeg
[edrungy apqng [PARLS) ‘pues | wndjo.a)dg

RAIY APNIS S[IA-ZH “I0PLLIO)) JIARY SeSUBIY
sapIeg paiuRg (SAALO) » (SAAIN)
0T dlqeL

31



9€0°0

ull, [e10L
¢810°0 Auomyuy 2o,
€500 (S) sV
—I700 IPYNg [¥I0],
9CPT g Lo,
- ——- -=- = 96T'T e IpLIonjy 10 ],
80 0—¢ET0 600> = - - - [ENPISaY AULIO[Y)) [BI0 L,
7181 SpLIOYD) [E30],
e 0¢> (09> 0¢—9T'f PrI ¢ L9T°¢ Isearn ¥ 10
- — e £T°C ) — uoq.le)) duesiQ [E10],
160 £99 SPI[OS PIA[OSSI(] [¥30],
orsI—89 | veTe—eor | Lwoe—06 | LU | 996—1s> | wre—se'e sprjos popuadsng [e10,
. . . purwa(q
1'ss—I¢ 0L PT—EP T N A
PETT—ILY 7€9—1l1'9 £p'€ 800°€ puvRQ UssAx( [vI1s00tg
66'L—86'9 | 68 L—8FL 9T 8—<E¢'L PLE8—OTL | €V 8—LTL P8 L—F99 Hd
m|Mm oonm IC va G.m m.loo of C vm mwm I ou.n,lm mmm £ @o mﬁo 4 (AdD) MoLd
L09 6V¢E €0 89171 9€6'C L86E LEEVE
SOIN[IY 9 | SOUIOU ¢ | SOOI QT | SOUIREY ¢ | sampege | AMppeg |
(e3eq LOOT % 9007 UQ paseq sonfep uvay AJjloe [enpialpu])
uonedYIsse) ANy Yoesg JoJ sanjep jo afuey
(ado » 1/3w)
spue|g (1omog suoperadQ aurpadig INHNILILSNOD
JUBUNRALY, | [RILIPI[F) | 2JPIU0)) y Suissado.ag spnposy’ _ .
J2)uMAYSeAN | sauIUN) » SaLIRUYARY | [eINWAY)D) Jadeg
[eddungy Aapqng [PARID) ‘puBS | WNAJ0.IJ :

vaxy ApmS IA-ZH v_wSE...SU JIATY SESUBNIY

sanIrBy paprung (SAALO) » (SHAIN)

01 9IqEL

32



10200 Tz 3w ‘ouiz
L0000 0£000°0 e U
02000 0200°0 [BW_‘mnudpg
910000 020000 /3wt ‘£mdsp
2000 81000 [/Bw ‘peay
91100 8L10°0 /3w ‘xeddopy
0070°0 00700 /3w ‘wniwoayy
0000 0+00°0 I/3w_‘wnpupey
uegour upaw ugauw ugaul ugaw ugaw

5002 00T €002 2002 1007 0007 1094

TL6LO8'S6-/TL6TI6SE
(so.ry unjorg) xadwoy) sprodg s3uridg ueipuy Syueg yoN jusmsuo’y

R:2:04

&::.sm JUB[J UL, .3« AA d)sE 3 » uejg EeEuwu:zE _355 uLIo)}S -

yoddng oy,

ME..S:SE ANpeng) 19)eAN J2ARY SUSUB] Iy s, jo b_U

6 91q¥.L

33



81+0°0 €T50°0 [/ ‘duasry

- S 770 — e —-nm [/3w ‘*snooydsoyq
06'L6T'T TLte 659¢8°C C6ERTT 9¢9 L00'T [W 0OTAUNGI ‘WIOJOT) [EI3]

S m— — — 6T°96T CT/HT [/Bw ‘ssaupaepy

[/3n ‘yeppefsy

€L°0 19°0 [/BW QLYIN + ACHIN

- €00 £0°0 /3w 9NUIN

L0 £9°0 13w ‘dpenIN

e — - e 70 60°0 [/Bu ‘eraowuy

- - - SO0t AR [/Sw ‘puewdq uddix() [e13oj01g
66 £T'8 T8 88'8 66'8 90'6 [/Bw_‘us3ixQ paajossi@
10°8 £€6'L £1'8 98'L s 0’8 Hd
€691 08'91 061 6'8T 86°LT 69'81 oD dmperRduny
ugaua ugawx ugaw ugaw ugauw ugou

5007 $007 £00Z 2002 1002 0002 694

Agc.—._< =0u_o.-mv NU—MMMVN%MNWMMF%M_NM%M ueipuy ‘yueg yroN HAMRSTD
8av _

SHWLId J ::w_m JUDUWIIRALY, IIJUAA I)SBA\ 2 UL[J JUIWISCURTAT JIEA\ WLI0)S
- Joddng of,
SuLI0MUOIA b___:.O IR AL JIARY Ssesuey .< ém_:,ﬁ Jo b_U
6 919EL

34



LETO'0 9120°0 |/sw wiz
0£00°0 [/3W “12A1g
e — — 0770°0 — [/Bw_‘wnidpg
20000 0+00°0 2000°0 I/5w ‘AmdIs]

6T00°0 £200°0 27000 TE00°0 €000 [/3w ‘peay

10T0°0 8€00°0 9£00°0 7800°0 60100 I/3w ‘1addop
— - - S 00100 - [/Bw ‘wunmuo.ay)
ugoaw ugaul ugawt ugaw upaw ugawx

00T 002 €007 2007 1002 0007 A

688988'$6"/L998S6"SE
(Aqx1g) 3dpug 9 Aemy3ig ‘SN JINISUOY) -
9¥Vv

SHULIDJ JUB[J JUIWLAL], IIJEAA IJSUAN 29 UR[J JUSWSRURIA] JIJBAN WLI0)S
, yoddng oy, . _
SULIOUOTAL AN[ENQ) IIIUAL JOARY SESURNIY ‘es[n, Jo L)1)
, g3AqeL ol

35



T100°0 +100°0 07000 0000 0r00°0 [/Bw ‘wnnwupe)
o e e - 0r0°0 - /8w sy
¢T 0 6170 LT o m—— —— :ME .m_:u..o—_a_mo-—m

8T8t 6L 8t 98'1ZEC £1°96L £THT L [W QQT/HUn0d ‘WLIOJI0]) [233]
0re 00#0T L9'9¢T 0§'CIT 00°7¢T [/3w ‘ssaupvy
60'T L9°0 780 PO'T /30 ‘ryeppelyy
79'0 19°0 L9°0 6£°0 850 [/3ur ‘)LYIN + LN
00 €00 700 20'0 [/Bw ‘apuIN
1L°0 69'0 9¢'0 LSO [/Bw ‘deN
110 800 01°0 120 01°0 [/3w ‘eruowuy
LT €97 01'e we PP I/Bw_‘puswd uadhx( jedrsojorg
076 60'8 678 688 €T'8 90'6 |/3w ‘uaBAxQ paajossiq
08 70'8 0’8 0’8 60'8 90'8 Hd
A 6TLT 0z 81 8t 8T L6'LT Al 0D nyesaduny,
ugdaw ugaw ugauw ugaw ugaul ugaw
S007 002 €007 2007 1007 0002 18X

688988'S6-/L998S6'SE
(Aqxig) 93pLig $9 AeMysiy 'S') JUINISUO))
, 9uVv

SHULIDJ JUB[J JUIUWEALT, IJEAN ISLAA 2 UR[J JUSWASRURTA JI)JBAN WLIO)S

ypoddng o,
SULIOYUOAL AN[en() IJBA\ JIATY SUSUBNIY ‘¥S[], JO

8 21q¥L

A1

36



— i LT°0 - — — /8w ‘snooydsoyq
£ETHET 78'90¢ COLEY'T L9801 98'€T6 L0'9TL [W QT /AUN0d ‘WLIOH0]) [V
. SEE - - 00 €+ e [/3w ‘ssaupiey
L6 0L'8 8’8 e 8¢'8 176 I/3w ‘uadhx( paAjossiq
L6'L ¢6'L 90'8 008 €0'8 L6'L Hd
¢C9T €C9T 0081 §T'81 PLLT 681 0D dmududy,
ugawr ugawx ugowt usow ugoumt upaum
S00T 007 €007 7007 1002 0007 1034
yuanppsuo))

£856L6°S67/000¥90°9¢
(us[nL) IPISIAARY ynog % 89 ULy ISty

rav

A\ JISEAA 2 UR[J JUDWISEULTA JIJEAL TLIO)S

SHULIdJ JUB[J JUIUBALY, J3)E
: poddng oy, _

SULIO)UOA] AM[ENn() JJEA\ JIARY SesuLY ‘espny, jo L)

L31qeL

37



0$80°0 02£0°0 TE10°0 0610°0 [/Sw ‘surz
02000 82000 0E00’ 8000'0 /3w ‘19ALlS
0Z00°0 0200°0 £200°0 0Z00°0 [/BW_‘wniudpg
- 0Z000°0 020000 0Z000°0 020000 [/Bu ‘A
0Z00°0 0200°0 0200°0 0200°0 9100°0 |/Bw ‘peary
85000 8LO0'0 010°0 €100 [/8w _‘raddop
070°0 010°0 |/Bw ‘wnpmoay)
100°0 +00°0 £00°0 +00°0 /3w ‘wnywipe)
700°0 0t0°0 000 /3w dpudsry
ugauw uegawl ugauwt ugdw ugdux ugaw

5007 $00Z £007 7007 1002 0002 1894

68€586°567/8LLI609E

(uspn) 23pLig pp-1
cqv

JUANYIISUO))

&_E..um IR Eo_E._U..,H .._8_“ A ISEAL P UB[ JUIWISEUBTA IIIEAN WLIOYS

yoddng o,

SuLIo)IUOTy] AN[ENQ) JAIRAN JIATY SesueNIY ‘fesiy Jjo A1)

9 91qEL

38



. - 00°¢ —— — ¢L'8 [/ ‘joudyg
i — 91°0 — — — [/8w ‘snoaoydsoyq

SPTorT 9 86ET eeTITe 1680°T BEILTE EE6IT T [W QOTAUN0Y ‘ULIO[O]) [EI3]
— o 8L'€66 00°€0¢ 00'8¢T o [/Bw ‘ssouplefy
I/3n ‘pyeppelyy
— — —— e — mnnm [/3w QBN + BANN
p—— — — _— . amnm [/Bw ‘9N
—— ass o ——" i . [/8u ‘geauN
i S g — — e [/Sw ‘eruowruy
S —_— 00'T — — e /8w ‘puswR( uddAx( jendojorg
8201 3’8 €6 TLOT 6 £r'6 |/3w ‘wasAxQ pas[ossiq
68'L 16'L 86'L 91’8 86'L €6'L Hd
9e91 POLT T8I 80°61 PLLT 881 o) dmeduy,
ugdw uBdw uBdw ugaw ugdw uBdw

5002 $00Z €007 2002 1007 0002 16X

68€586'S67/8LL960°9€

(espn ) 33prig pp-1
v

JuINYHSU0))

SHULIdJ JUB[ JUIUEILL, LIUA ISEM B UE[J JUDUISRUETY] LJEAL uLI0}S

yoddng of,

SULIOJUOTAL ANEND) 1AL JIATY SESUBNIY ‘eS[LL JO ANy -

9 9qLL

39



TL10'0 8+90°0 LE60'0 Tre00 76£0°0 9EH0°() |/Bw ‘durz
e s e - — (- /S “19AQIS
S i I o i — /8w “WnIU3RS
020000 810000 020000 [/Bu ‘AmdRpy

907000 9£T00°0 z0T00°0 T0200°0 P2200°0 L9T00°0 |/3w ‘peary

$HS00°0 129000 PPE00°0 219000 60100 9100 [/3w ‘xaddop
0100 0100 |/Bw ‘wniwoxy)
ugaw upow uBaw ugaw ugdur ugawt

002 00T €007 2002 100Z 0002 1094

9S0L86°96"/LTHEFT 9€ RMSUO))

(vspnL) 33prig 1928 11

SHULIDJ JURB[J JUIURILL, JAJBAL IISEAL 2 UR]] JUdtISLU
j10ddng o,

SULIOMIUOTAT ANeng) LA JIARY SESURIY

S IqeL

fesin, o 31D

aE_ IIIUAN WLIO)S

40



£100°0 L1000 11000 00000 0r00°0 0F00°0 I/3w ‘wnpwpe)y
11+0°0 6100 [/Bu ‘dwesry
+1°0 910 €10 ——— m——— ——— _\w—: .m=o._o~_n~mo~_.m
60°'90¢ 8¢16¢E LT'TSL L1621 67 10T 121¢¢ [W QT/AUN0) ‘WLIOMO) [BII]
00°£8¢ EETET L99§T 8¢'LTT T €9t 99'19¢ [/Bw ‘ssaupIe
89°0 1L°0 88°0 £8°0 [/5n ‘yeprely
90 L0 Lo 98°0 LL'O 1L°0 1/3W ‘9LIN + ALDIN
200 zro €00 00 200 [/Bu ‘N
8L0 790 £8°0 L0 69°0 [/Bu ‘9penIN
0°0 LT0 110 110 L1°0 01'0 /3w ‘eruowuy
08°C 80°C 90°C L0T £7C 66T I/Bw ‘puewd( udadix() [ediojorg
LT6 L6'L ce'g '8 67’8 90'6 /3w ‘UdBAX () paA[ossi(q
€0'8 L6'L 6L 08 00'8 66'L Hd
Al +E9T LT9T tLLT 89'LT Lt 8T 0D mesaduny,
ugaul ugauw ugaw ugauwl ugdaw ugau
002 007 €002 7007 1007 0007 T894
@m_mm%wwmm. ﬁmw%._m,: § TR
Tav

ﬁ:: 124 JUE[J JUIMEIL], ._355 ASEA B uely EuEuma:«E 1A ULI0)S

yroddng o,

e:.._o::oz Anpend 1apeAL JARY SesuR Iy fesin, H j0 b_U

S9Iq¥L

41



Appendix A

References

Two (2) pages



References

Bennison, A. P., Knight, W. V., Creath, W. B., Dott, R. H., & Hayes, C. L., (Eds.) (1972). Tulsa’s
Physical Environment. Tulsa Geological Society. Digest, Volume 37.

C. H. Guernsey & Company. (2005). Final: Arkansas River Corridor Master Plan, Phase II Master
Plan and Pre-Reconnaissance Study. Volume I; Master Plan. Oklahoma City, Oklahoma.

City of Tulsa, Department of Public Works. (2005). 1992-2004 Stream Monitoring Sampling Plan
and Data. Tulsa, Oklahoma.

City of Tulsa, Department of Public Works. (2006). _2005/06 Stream Monitoring Sampling Plan
and Data. Tulsa, Oklahoma.

Cole, E. L., Bartolina, D. G., & Swafford, B. G., (1977). Soil Survey of Tulsa County, Oklahoma.
USDA. Soil Conservation Service.

Cox, W. R., Wright, M. D., & Woodruff, G. D. (1981). The Importance of Intense Trend

Bacteriological Monitoring for Evaluating a Recreational Water Quality Enhancement
Program. Water Quality Control Section, Office of Planning & Research, Tulsa City-County

Health Department. Oklahoma Academy Science, Volume 61: 58-61.

Dover, T.B. & Geurin, J.W. Changes in Chemical Quality of the Arkansas River in Oklahoma and
Texas (1946-52) (1953). USGS. Oklahoma District OFR-53-289 Report Abstract.

Hem, J. D. (1986). Study and Interpretation of the Chemical Characteristics of Natural Water,
Water Supply Paper 2254. USGS. Third Edition.

Johnson, K. S., Branson, C. C., Curtis, Jr., N. M., Ham, W. E., Harrison, W. E., Marcher, M. V., &
Roberts, J. F. (1979). Geology and Earth Resources of Oklahoma: An Atlas of Maps and Cross
Sections. Oklahoma Geological Survey. The University of Oklahoma.

Marcher, Melvin V., & Bingham, R. H. (1988). Reconnaissance of the Water Resources of the

Tulsa Quadrangle, Northeastern Oklahoma. Oklahoma Geological Survey. The Unive<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>